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Research Paper: 
Single-cell Oil Production Using Low-Cost Carbon 
Sources by Newly Isolated Kocuria Y205

Background & Aims of the Study: This study aimed to investigate, for the first time, the ability 
of single-cell oil production from low-cost carbon sources using Kocuria Y205 native Iranian 
bacterial isolates from the soil. 

Materials and Methods: Whey and lignocellulose compounds were used as carbon sources 
and yeast extract as a nitrogen source. Also, the isolated cultivation was done on Mineral Salts 
Medium (MSM) culture media. Molecular analysis based on 16s rRNA gene sequence was 
performed to identify isolated. Fourier-Transform Infrared Spectroscopy (FTIR) analysis was 
used to confirm the presence of carbon groups. GC analysis was also used to identify the fatty 
acids Sudan black. Finally, a Transmission Electron Microscopy (TEM) electron microscopy 
image was taken to view the stored lipid granule.

Results: The highest rate of lipid production among all carbon sources in different periods of 
cultivation by whey was 24.57% after 48 hours, and also, the highest rate of lipid production for 
lignocellulose compounds was 15.29% after 48 hours.

Conclusion: This study shows that the newly isolated Kocuria Y 205 has excellent ability to 
use whey and lignocellulose compounds as waste containing carbon resources for the growth, 
production, and storage of microbial oil. It can be used in industrial applications, too.
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1. Introduction

icrobial oils are called single-cell oils [1]
as oleaginous microorganisms produce 
them. Owing to their ability and specific 
characteristics, these microorganisms 
have attracted many researchers in the 

last few decades. Traditionally, microorganisms, includ-
ing bacteria, yeast, mold, and microalgae that are capable 
of storing lipid greater than 20% of their dry weight, are 
considered oleaginous microorganisms [2]. Microbial oil 
production does not require land or other resources to pro-
duce food and is not affected by weather or seasons [3]. 
Lipid storage occurs when microorganisms are grown in an 
environment with excess carbon, which reduces the use of 
other nutrients, especially nitrogen. Therefore, the ratio of 
Carbon to Nitrogen (C/N) plays a vital role in stimulating 
lipid storage [4, 5].

In recent years, attention has been focused on bacteria for 
lipid production in biotechnology and industrial applica-
tions. Bacterial lipids include Triacylglycerol (TAG-long 
chain fatty acid) and Wax esters (WE-ester as long-chain 
primary fatty acid and long-chain primary alcohol). They 
are used to produce food additives, cosmetics, lubricants, 
chemical oils, candles, and biofuels [6, 7].

Most bacterial species can synthesize Polyhydroxyal-
kanoates (PHAs) as storage compounds [8, 9], while a 
few genera of bacteria can store triacylglycerol and wax 
ester [10]. The amount and structure of bacterial lipid com-
pounds depend on several factors, including the bacterium 
itself, the carbon source structure, the time of cultivation, 
and the amount of carbon and nitrogen present in the cul-
ture medium [8, 11-13].

The triacylglycerol accumulation has been described by 
Actinomycetes, including Mycobacterium, Streptomyces, 
Acinetobacter, Nocardia, and Rhodococcus [10]. Among 
the bacterial genera of triacylglycerol storage, Rhodococ-
cus is one of the most promising, as some species store 
more than 20% of their biomass weight in triacylglycerol 
form and are considered oleaginous bacteria. Members 
of this genus are found in various natural environments, 
from arid and tropical soils to cold ecosystems and marine 
sediments [14-16]. Besides, Rhodococcus can produce and 
store triacylglycerol in several types of substrates under 
low nitrogen conditions. These conditions include specific 
carbon sources such as sugar, organic acids, and hydrocar-
bons [8, 17, 18], as well as complex carbon sources pres-
ent in the industrial wastes that show remarkable bacterial 
versatility during substrate degradation [19, 20].

The genus Kocuria is a member of the Micrococcus 
family of Actinobacteria. Members of the genus cells 
are coccoid, Gram stain positive, non-encapsulated, im-
mobilized, chemoorganotrophic, highly aerobic, meso-
philic, and catalase-positive metabolisms. Polar lipids 
included diphosphatidylglycerol, phosphatidylglycerol, 
and phosphatidylinositol. They are present in one spe-
cies. The major fatty acids are C15:0 anteiso (above 50%), 
C15 iso, and C16:1; each contains 10% fatty acid. The per-
centage of Gas Chromatography (GC) is between 60% 
and 75% of total DNA [21].

Numerous studies have focused on searching for and 
finding inexpensive and alternative raw materials for 
use as a substrate for microbial lipid production. These 
materials can be found in agricultural, forestry, and food 
waste [20, 22, 23]. Whey is a waste from the dairy indus-
try, which is produced in bulk worldwide (production 
of 1 kg of cheese results in 9 kg of whey). The whey 
consists mainly of lactose (5%-7%), with lower amounts 
of glucose, cactus, and protein (0.8%-1.2%) and lipid 
(3%-0.06%) [24]. Final disposal of whey is a significant 
problem for the dairy industry because it produces a sig-
nificant amount of contamination in the environment, 
and its cleaning is costly [25]. Bioconversion of whey 
to valuable microbial oil is an attractive and effective 
method that can significantly reduce the environmental 
impacts created by the release of waste. It simultaneous-
ly results in the low-cost production of high lipid used 
biodiesel, biological lubricants, chemical oils, cosmet-
ics, and other quantities of biofuels [26-28].

The agricultural waste consists of cellulose, hemicel-
lulose, lignin, protein, and ash. Many agricultural wastes 
are composed of lignocellulose, a complex carbohydrate 
polymer of cellulose, hemicellulose, and lignin. The per-
centages of cellulose, hemicellulose, lignin, and other 
compounds in lignocellulose are in the ranges of 35%-
50%, 20%-35%, 15%-20%, and 15%-20%, respectively 
[29]. One of the essential agricultural wastes is corn 
stalks, which refer to the stems, leaves, and stalks that re-
main on the field after harvest. Corn stalks are one of the 
first biomass resources used to produce cellulose ethanol 
in the United States. It has already been shown that corn 
stalks containing lignin can be converted to lipids with 
using Rhodococcus [30]. The lignocellulose biomass, 
consisting of lignin, hemicellulose, and cellulose, is an 
abundant, sustainable source for large-scale, low-cost 
production [19, 31]. The bioconversion of lignocellulose 
to bacterial lipid involves several steps: pretreatment 
of lignocellulose biomass, hydrolysis of carbohydrate 
structure to usable sugar, microbial lipid production, 
product isolation, and purification [1, 32, 33].

M
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The primary purpose of this study is to evaluate the pro-
duction capacity of microbial oil from Kocuria Y205 iso-
late to produce microbial lipid from cheap raw materials 
available in industrial and agricultural compounds that 
can be used in industrial applications for the first time.

2. Materials and Methods

Sample collection and culture medium

Soil samples were collected from agricultural fields 
around the city of Qom (Iran) and stored at ambient tem-
perature until the experiment begins. Wheat stems were 
prepared as lignocellulose compounds from agricultural 
fields around Qom. Whey was produced as industrial 
waste from the dairy industrial Qom.

To investigate lipid production in bacteria from MSM 
synthetic medium containing glucose (40 g/L), we used 
SO4 (NH4)2 (2 g/L), KH2PO4 (7 g/L), NaH2PO4 (2 g/L), 
MgSO4.7H2O (1.5 g/L), and yeast extract (1 g/L) (MER-
CK-Germany) [34, 35].

Isolation of bacteria

Nutrient Agar (NA) and Tryptic Soy Agar (TSA) medi-
um were used for bacterial isolation. Serial dilutions (10-

6 dilutions) of soil samples were performed aseptically. 
Aliquots of 0.1 M suspension were made from pure 10-4, 
10-5, and 10-6 dilutions, respectively. The cultures were 
purified, and the media were incubated at 37°C. Purified 
cultures were obtained from the isolated bacteria colonies, 
and the isolates were obtained for subsequent steps [36].

Morphological and biochemical tests of isolates

Purified isolates were characterized by biochemical 
analysis using catalase tests, oxidase tests, urea tests, 
H2S, and anaerobic growth tests (according to Bergey’s 
Manual of Systematic Bacteriology). Morphological 
identification was performed with Gram staining, endo-
spore staining, and motion test [36].

Primary evaluation of lipid production

The lipid production of isolates was evaluated by Su-
dan black staining. They were cultured in a TSA solid 
medium with 3% w/w glycerol as an additional carbon 
source; the plates were incubated for 7 days at 30˚C [37].

Preparation of seed cultures

After evaluation analysis by Sudan Black staining, the 
selected isolated was cultured in TSA broth agar medium 

for 24 hours in 250-mL flasks on a rotary shaker (150 
rpm) at 30°C, and the growth was measured Optical 
Density (OD) at 600 nm wavelength with a spectropho-
tometer (CE-9500-England) [38].

Lipid accumulation experiments with the differ-
ent carbon source

For cultivating with whey, first liquid pass the What-
man paper to remove suspended particles and then re-
moved the microorganisms using sodium gluconate pH 
above 7.5, the solution was autoclaved, again it was 
passed through Whatman paper and added 50 mL solu-
tion to 100 mL flasks and then inoculate the prepared 
bacterium and culture on a rotary shaker 150 rpm at 
30°C for 24, 48, 72, and 96 hours [38].

For the preparation of cultivating with lignocellulose 
compounds, the wheat stem crushed by 0.5 to 1 cm 
and boiled in a volume of 200 g on 1000 ml flask for 
20 minutes, then removed the suspended particles with 
Whatman paper, the solution was autoclaved, Equal to 
the base medium added 50 mL solution to 100 mL flasks 
and then inoculate the prepared bacterium and culture on 
a rotary shaker 150 rpm at 30°C for 24, 48, 72, and 96 
hours [39].

To produce lipids with pure carbon sources, the isolates 
were transferred to the MSM synthetic medium contain-
ing nitrogen. About 50 mL of this medium was cultured 
in 100-mL flasks on a rotary shaker at 150 rpm at 30°C 
for 24, 48, 72, and 96 hours. Using the same medium, 
glycerol with 3% (w/w) was used as a carbon source in-
stead of glucose [40].

Lipid extraction method 

We used the standard method of Fluch et al. (1957) to 
extract and calculate lipid weight [38]. To calculate the 
dry weight, we first centrifuge 10 mL of broth medium 
at 6000 rpm. Next, we extract the supernatant and then 
wash the precipitate 3 times with distilled water and 
dried at 80°C until constant weight (typically 24 h) [38].

Fourier Transform Infrared Spectroscopy (FTIR)

To confirm the presence of lipid in the samples, Fourier 
Transform Infrared Spectroscopy (FTIR) device analysis 
(Bruker-Tensor27-Germany) was performed according 
to the standard method with range spectrum analysis of 
the device from 400 cm-1 to 4000 cm-1 [37]. The experi-
ment was conducted for all carbon sources.
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Gas Chromatography (GC) analysis

Gas chromatography [38] device analysis (Agile-
nt-7890B-USA) was used to identify fatty acids. The 
experiment was performed according to the standard 
method and using an HP 5890 A GC equipped with an 
INNOWAX capillary column (30 m, 0.53 mm, 1 mm) 
and a flame ionization detector. The injection volume 
was 0.5 mL, and hydrogen was used as carrier gas (13 
mL/min). A temperature program was used to efficiently 
separate the methyl esters (90°C for 5 min, temperature 
increase of 6°C/min, 220°C for 10 min). For quantitative 
analysis, tridecanoic acid was used as an internal stan-
dard [41]. GC analysis was performed on lignocellulose 
carbon source samples.

Transmission Electron Microscopy (TEM) analysis

Electron microscopy was used to observe the lipid 
granules in the isolate. Cells were washed, suspended in 
0.1 M potassium phosphate buffer (pH 7.5), and fixed 
with glutaraldehyde for 24 hours. Then, the cells were 
washed with a solution of sucrose 0.32 M in phosphate 
buffer and embedded in low viscosity resin [42]. Elec-
tron imaging (Zeiss-EM900- Germany) was performed 
at Pasteur Institute of Iran.

Molecular identification based on 16S rRNA

Genomic DNA was extracted by boiling [43]. DNA 
extracted by NanoDrop was checked for accuracy and 
concentration [44]. Universal primers were used for the 
amplification of the 16s rRNA gene fragment with a 
length of 20 bp (total length 40 bp), 27F (Forward–5’-
AGAGTTTGATCCTGGCTCAG-3’), and 1492R 
(Reverse-5’-GGGTTACCTTGTTACGACTT-3’). The 
rRNA amplification reaction (30 μL) consists of master 
mixes with DNA and primers. The PCR cycling condi-
tions were as follows: an initial denaturation at 94˚C for 
5 min, followed by 30 cycles of denaturation for 1 min 
at 94˚C, annealing for 1 min at 55˚C, extension for 2 min 
at 72˚C, and a final extension at 72˚C for 5 min [45]. The 
sequencing was performed at the Genetic Coding Insti-
tute (Tehran, Iran). The phylogenetic tree drawing was 
also plotted using the MAG7 software using the neigh-
borhood attachment model with the highest similarity 
[46]. Sequence results were recorded on the NCBI site.

Statistical analysis

Significant differences between biological samples, 
cultivated on different carbon sources and different ac-
cumulation periods, were evaluated using a two-way 

Analysis of Variances (ANOVA) in SPSS (version 25). 
The significance level was set at less than 0.05.

3. Results 

Isolation of bacteria

Seventeen bacteria were isolated from soil samples, 
and biochemical and morphological tests were per-
formed on them. The results of these experiments can 
be seen for the selected Kocuria Y205 isolate as follows, 
Gram-Staining, Catalase, Urea, Oxidase are Positive, 
and H2S, Anaerobic Growth, Endospore, Motion are 
Negative Respectively.

The bacteria Cells are coccus-shaped, Colonies on 
TSA agar are circular, smooth, and entire, orange in col-
or. The Substrate mycelium and aerial mycelia are not 
observed,  diffusible colored pigments are not produced 
on any tested media.

Lipid accumulation 

After bacterial culture on TSA medium and addition of 
carbon source for 7 days, the isolates were tested using 
Sudan black. Then, the isolate with the ability to store 
lipid was selected to be evaluated. The microscopic ex-
amination images can be seen in Figure 1.

Cultivation in different carbon sources 

The performance of the Kocuria Y205 isolate at 4 dif-
ferent carbon sources indicates higher lipid production 
in the glycerol carbon source than glucose in pure carbon 
sources and higher whey lipid production than lignocel-
lulose compounds in the waste carbon sources. The re-
sults of which are visible in Table 1. 

Comparing lipid production by an isolate from all 
carbon source 

Comparing lipid percentage in isolates indicates higher 
production in whey than all carbon sources (Figure 2).

Quantitative analysis of lipid production by FTIR 
spectrophotometry

FTIR analy sis was used in three different carbon 
sources to prove lipid production, and all the analyzed 
samples showed the presence of carbon and functional 
groups (lipids) and confirmed the presence of aliphatic 
carbon chains (lipids) in the samples. All carbon and hy-
drogen bonding results were found to be the precursor of 
the primary lipid structure and the methyl group, which 
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is a hydro phobic functional group and was observed 
from a methane molecule (CH4) by removal of hydrogen 
and other lipid groups in the sample. These compounds 
include carbonyl groups, alkenes, alkyls, and glycerol. 
The above groups indicate unsaturated fatty acid in the 
samples. This finding confirms the presence of triacylg-
lycerol in the composition obtained from lipolysis. The 
interpreta tion is presented in Table 2 for each carbon 

source, respectively, and microbial lipid graphs obtained 
from FTIR analysis are shown in Figure 3. 

GC analysis

The lipid samples obtained from isolate culture on lig-
nocellulose compounds for fatty acid identification were 
tested with GC. The results of which based on the percent-
age of carbon in the sample in Table 3 indicate the pres-

Figure 1. The results of the Kocuria Y205 ability to produce lipid, the white arrows in the image represent the lipid granules 
stored in the isolate a) 7-day isolate culture and b) 7-day isolate culture with the addition of carbon source of glycerol

Table 1. Kocuria Y205 isolate performance in different carbon sources based on mg/mL

No.
Kocuria Y205

24 hours 48 hours 72 hours 96 hours
Carbon Source Performance in mg/mL

1 Whey

Dry weight 15.5 17.5 19.0 20.6

Amount of lipid 3.5 4.3 4.6 5.0

Lipid % 22.58 24.57 24.21 24.27

2 Lignocellulose compounds

Dry weight 12.0 17.0 24.0 30.0

Amount of lipid 1.0 2.6 3.6 3.9

Lipid % 8.3 15.29 15.0 13.0

3 Glucose

Dry weight 10.0 14.0 18.0 22.0

Amount of lipid 0.7 1.6 2.2 2.5

Lipid % 7.0 11.42 12.22 11.36

4 Glycerol

Dry weight 24.0 28.0 34.0 38.0

Amount of lipid 3.8 4.1 4.7 5.1

Lipid % 15.83 14.64 13.82 13.42
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ence of fatty acid in the lipid composition obtained from 
isolate culture in lignocellulose compounds, which proves 
the conversion of lignocellulose compounds into lipid 
during the decrease of nitrogen by bacteria, the carbon 
structure of the fatty acid produced and investigated, 14 
and 15-hydroxy pentadecyl glycerol, the carbon structure 
is 16 to 19-dihydroxyl glycerol, and 20 to 24 is orchols.

Transmission Electron Microscopy (TEM) analysis

Transmission Electron Microscopy (TEM) was used to 
observe the lipid storage granules. The images are shown 
in Figure 4. The storage granules of lipid produced in 
these images are seen in bright color.

Molecular analysis

The 16s rRNA sequence results showed more than 
96% similarity with Kocuria sp. strain JSM 1684076 
(accession number: MG893104.1) is found in the Gene 
Bank, demonstrating the close kinship of both strains. 
The native Kocuria Y205 strain number MN818672.1 is 
registered at NCBI. The result of drawing a phylogeny 
tree is shown in Figure 5.

The evolutionary history is plotted using the neighbor-
hood attachment method with the most similarity

4. Discussion

This study aimed to investigate the potential of a na-
tive and novel species of genus Kocuria isolate to pro-
duce single-cell oil from low-carbon sources. This study 
showed the ability of this strain to produce single-cell oil 

from pure carbon sources of glucose and glycerol as well 
as carbon sources of whey and lignocellulose compounds 
under low nitrogen conditions. Also, the amount of lipid 
produced in whey sources was higher than pure carbon 
sources. FTIR analysis was used to quantify single-cell 
oil production. The results of all samples showed the 
presence of carbon and functional groups, which meant 
the formation of lipids. In the sample, it was shown that 
transmission electron imaging was also used to view the 
storage granules, which is visible in the images of the 
storage granules. Carbon sources are the essential factor 
in determining the type of fatty acid produced in strains. 
The difference in the produced fatty acid in the samples 
is visible in the FTIR analysis of the samples of different 
carbon sources. Bacterial compatibility with early life 
environment and genetic variation and type of carbon af-
fect the diversity of fatty acids.

Genus Kocuria is part of the family of Actinomycetes, 
and they are widely distributed in nature and can pro-
duce many biologically active substances [47]. Li Tuo et 
al. isolated Kocuria from the soil with the characteristics 
of being aerobic, Gram-stain positive, coccus-shaped, 
and approximately 1.1-1.8 μm in diameter, and pale yel-
low in color. Substrate mycelia and aerial mycelia were 
not observed; diffusible pigments were not produced on 
any tested media. They grow well on ISP 2 agar, ISP 4 
agar, TSA, NA, LB agar, MA, and R2A agar. Growth 
occurs at 10˚C-37˚C (optimum 37˚C), pH 6.0-11.0 (pH 
6.0-7.0) and with NaCl concentration of 0%-7% (w/w) 
(0%). No growth at 45˚C and no growth at pH 5.0. Cells 
reactions were positive for catalase, nitrate reduction and 
hydrolysis of gelatin, H2S production, oxidase activity, 
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urease, and methyl red test [48]. Hansda et al. isolated 
bacteria from dry tailing copper mines with the poten-
tial of metal resistance. The isolated bacteria were cocci 
shape, gram stain positive, pink and translucent in color, 
catalase positive, and H2S production positive. Their 
morphological, physiological, biochemical, and molecu-
lar analysis characteristics showed that the isolated strain 
belonged to genus Kocuria [49].

The ability of lipid production and accumulation by 
Kocuria Y205 was compared with Rhodococcus, the 
best known bacterial producer of single-cell oils [20]. 
To investigate microbial oil production, Ana Rito Castro 
et al., two different strains of Rhodococcus opacus on 
three carbon sources of glucose, acetate, and hexadegan 
and yeast and peptone extracts as nitrogen limiters cul-

tivated, and both strains were able to store the highest 
amount of lipid within 72 hours. Thin Layer Chromatog-
raphy (TLC) method was used to quantify the lipid pro-
duction in the samples, indicating the presence of oil in 
the samples and qualitatively evaluating the oil produced 
by GC analysis. It was used to show triacylglycerol pro-
duction in both strains that are closely related [50]. The 
results of the Ana Rito study and the results of the pres-
ent study demonstrate the ability of the native Kocuria 
Y205 isolate to store and produce triacylglycerol using 
low-cost sources.

Marcia and Alvarez investigated the production of mi-
crobial oil and biomass. Five strains of Rhodococcus 
were cultured on whey, and the results showed that Rho-
dococcus opacus produced more than 45% lipid and the 

Table 2. Results of FTIR analysis with a different carbon source

No. Carbon Source Wave Number (cm-1) Functional Group

1

Whey

3383.5 = C – H stretch

2 2924.52 - 2853.17 -CH3 (Methyl groups)

3 1745.26 Carbonyl groups

4 1594.84 - 1421.28 - 1375.96 CH2 binding

5 1117.55 - 1073.19 - 1035.59 C – O – C stretching in esters

6

Lignocellulose compounds

3546. 45 - 3463.53 - 3415.31 = C – H stretch

7 2919.7 - 2848.35 -CH3 (Methyl groups)

8 1723.09 - 163.3 - 1614.13 Carbonyl groups

9 1447.31 - 1374. 03 CH2 binding

10 1057.76 C – O – C stretching in esters

11

Glucose

3450.23 - 3415.31 = C – H stretch

12 2934.78- 2839.78 -CH3 ( Methyl groups)

13 1723.09 - 1636.3- 1614.13 Carbonyl groups

14 1447.31 - 1374.03 CH2 binding

15 1667.76 C – O – C stretching in esters

16

Glycerol

3412.09 = C – H stretch

17 2950.13 – 2881.36 -CH3 (Methyl groups)

18 1717.3 , 1631.48 , 1631.48 Carbonyl groups

19 1406.82 CH2 binding

20 1226.5 , 1046.09 C – O – C stretching in esters
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remaining bacteria produced less than 5% lipid [41]. The 
results of the Marcia and Alvarez study indicate that all 
Rhodococcus bacteria are not capable of using whey for 
lipid production, but in the present study, the native iso-
late of Kocuria Y205 could produce the highest amount of 
lipid production from the whey substrate, indicating bac-
terial adaptation for lipid production from whey.

Herrero et al. used several Rhodococcus strains on 
lignocellulose olive waste. They could produce lipid 
with varying percentages, indicating the ability of these 
bacteria to convert this type of carbon source into lipid. 
However, examination of the produced lipid showed 
the formation of triacylglycerol [51]. Due to the simi-
lar structure of lignocellulose biomass, plant resources, 
including cellulose, lignin, and hemicellulose, have dif-
ferent percentages depending on the growing conditions 
and type of plant. Comparison of the present study and 

the study of olive plant waste showed the enzymatic 
ability of newly isolate Kocuria Y205 to use lignocel-
lulose compounds for lipid production.

Rasouli et al. examined microbial oil production from 
the genus Rhodococcus erythropolis, using MSM medi-
um and glycerol, glucose, wheat straw, and whey, for the 
carbon sources, they could produce microbial oil under 
the same conditions. The FTIR test proved the produc-
tion of oily groups and also used the GC test to examine 
the structure of the fatty acid produced [52]. In many 
studies, the genus Rhodococcus is a species suitable for 
microbial oil production. In this study, we could produce 
microbial oil for the first time with a new species using 
the bacterial isolate of Kocuria Y205 with similar condi-
tions in the above research and prove the production of 
carbon groups by FTIR test. Also, we tested the structure 
of the fatty acid produced by the GC test.

Figure 3. FTIR analysis image for the isolates of Kocuria Y205 in different carbon sources

A: The whey source; B: Lignocellulose compounds; C: Glucose; and D: Glycerol.

Table 3. The fatty acid composition produced during culture on lignocellulose compounds

Bacterial 
Isolate

The Total Amount 
of Fatty Acids

The Relative Percentage of Fatty Acids (%, w/w)

C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24

Kocuria Y 
205 15.29% 2.30 1.87 0.63 4.27 2.66 3 3.84 7.05 7.86 0.18 21.45
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5. Conclusion 

Microbial oil has many applications, including bio-
diesel use as an environmentally friendly alternative 
to organic hydrocarbon sources. Microbial oil also can 
be used as dietary supplements due to the type of fatty 
acid produced in it and used as chemical oils in the phar-
maceutical and cosmetic industries. The results of this 
study, the first kind on the country, showed that the na-
tive Iranian isolate Kocuria Y205 which belongs to the 
family of Actinobacteria, Micrococcales, and Micrococ-
caceae, can use pure carbon sources and bio-conversion 

of industrial and agricultural waste as a cheap raw mate-
rial for lipid production and in particular, it is used as 
a biodiesel. The results of this study will increase the 
theoretical knowledge about this bacterium and the pro-
duction of microbial oil. The above bacterial isolate is 
available in the Microorganisms Storage Complex of 
Azad University of Qom with Kocuria Y205 (accession 
number: MN818672.1) specifications.

Figure 5. The result of drawing a phylogenetic tree with Mega 7 softwar

Figure 4. Electron image of the Kocuria Y205 strain cultured on TSA medium with glycerol as an additional carbon source, a) 
image with a magnification of 300 nm, and b) image with a magnification of 400 nm

Rasouli A, et al. Single-cell Oil Production By Kocuria Y205. Arch Hyg Sci. 2021; 10(2):143-154.

http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


152

Spring 2021. Volume 10. Number 2

Ethical Considerations

Compliance with ethical guidelines

This article is a meta-analysis with no human or animal 
sample.

Funding

This research did not receive any specific grant from 
funding agencies in the public, commercial, or non-prof-
it sectors.

Authors' contributions

Conceptualization, methodology, investigation, re-
sources, project administration: Seyyed Soheil Aghaee 
and Alireza Rasouli; Software, validation, formal analy-
sis, data curation, writing – original draft preparation, 
writing, visualization, supervision, project administra-
tion, and funding acquisition: Alireza Rasouli; Review 
& editing: All authors.

Conflict of interest

The authors declared no conflict of interest regarding 
the publication of the current article.

Acknowledgments

We would like to thank the staff of the Azad University 
of Qom, and especially Dr. Ali Javadi, the Head of the 
Microbiology Department, for providing the necessary 
equipment to carry out the research. Mr. Zand Monfarad, 
the Head of the Chemistry Laboratory at the Azad Uni-
versity, and Ms. Mahyar Zeinivand, the PhD student of 
Microbiology, for her contribution to the interpretation 
of the GC and FTIR analysis. 

References

[1] Banerjee G, Car S, Scott-Craig JS, Hodge DB, Walton JD. 
Alkaline peroxide pretreatment of corn stover: Effects of 
biomass, peroxide, and enzyme loading and composition on 
yields of glucose and xylose. Biotechnology for Biofuels. 2011; 
4(1):16. [DOI:10.1186/1754-6834-4-16] [PMID] [PMCID]

[2] Ratledge C. Microorganisms for lipids. Acta Biotechnologi-
ca. 1991; 11(5):429-38. [DOI:10.1002/abio.370110506]

[3] Koutinas AA, Chatzifragkou A, Kopsahelis N, Papan-
ikolaou S, Kookos IK. Design and techno-economic evalua-
tion of microbial oil production as a renewable resource for 

biodiesel and oleochemical production. Fuel. 2014; 116:566-
77. [DOI:10.1016/j.fuel.2013.08.045]

[4] Beopoulos A, Nicaud JM, Gaillardin C. An overview of li-
pid metabolism in yeasts and its impact on biotechnological 
processes. Applied Microbiology and Biotechnology. 2011; 
90(4):1193-206. [DOI:10.1007/s00253-011-3212-8] [PMID]

[5] Papanikolaou S, Aggelis G. Lipids of oleaginous yeasts. Part 
II: Technology and potential applications. European Jour-
nal of Lipid Science and Technology. 2011; 113(8):1052-73. 
[DOI:10.1002/ejlt.201100015]

[6] Röttig A, Wenning L, Bröker D, Steinbüchel A. Fatty acid 
alkyl esters: Perspectives for production of alternative 
biofuels. Applied Microbiology and Biotechnology. 2010; 
85(6):1713-33. [DOI:10.1007/s00253-009-2383-z] [PMID]

[7] Holder JW, Ulrich JC, DeBono AC, Godfrey PA, Desjardins 
CA, Zucker J, et al. Comparative and functional genomics 
of Rhodococcus opacus PD630 for biofuels development. 
PLoS Genetics. 2011; 7(9):e1002219. [DOI:10.1371/journal.
pgen.1002219] [PMID] [PMCID]

[8] Alvarez HM, Kalscheuer R, Steinbüchel A. Accumulation of 
storage lipids in species of Rhodococcus and Nocardia and 
effect of inhibitors and polyethylene glycol. Lipid/Fett. 1997; 
99(7):239-46. [DOI:10.1002/lipi.19970990704]

[9] Steinbüchel A, Hein S. Biochemical and molecular basis of 
microbial synthesis of polyhydroxyalkanoates in microorgan-
isms. Advances in Biochemical Engineering/Biotechnology. 
2001; 71:81-123. [DOI:10.1007/3-540-40021-4_3] [PMID]

[10] Alvarez HM, Steinbüchel A. Triacylglycerols in prokary-
otic microorganisms. Applied Microbiology and Biotechnol-
ogy. 2002; 60(4):367-76. [DOI:10.1007/s00253-002-1135-0] 
[PMID]

[11] Wältermann M, Hinz A, Robenek H, Troyer D, Reichelt 
R, Malkus U, et al. Mechanism of lipid‐body formation in 
prokaryotes: How bacteria fatten up. Molecular Microbiolo-
gy. 2005; 55(3):750-63. [DOI:10.1111/j.1365-2958.2004.04441.x] 
[PMID]

[12] Alvarez HM, Pucci OH, Steinbüchel A. Lipid storage com-
pounds in marine bacteria. Applied Microbiology and Bio-
technology. 1997; 47(2):132-9. [DOI:10.1007/s002530050901]

[13] Packter NM, Olukoshi ER. Ultrastructural studies of neu-
tral lipid localisation inStreptomyces. Archives of Microbiol-
ogy. 1995; 164(6):420-7. [DOI:10.1007/BF02529740] [PMID]

[14] Heald SC, Brandão PF, Hardicre R, Bull AT. Physiology, 
biochemistry and taxonomy of deep-sea nitrile metabolis-
ing Rhodococcus strains. Antonie van Leeuwenhoek. 2001; 
80(2):169-83. [DOI:10.1023/A:1012227302373] [PMID]

[15] Luz AP, Pellizari VH, Whyte LG, Greer CW. A survey of 
indigenous microbial hydrocarbon degradation genes in soils 
from Antarctica and Brazil. Canadian Journal of Microbiol-
ogy. 2004; 50(5):323-33. [DOI:10.1139/w04-008] [PMID]

[16] Peng F, Wang Y, Sun F, Liu Z, Lai Q, Shao Z. A novel li-
popeptide produced by a Pacific Ocean deep‐sea bacterium, 
Rhodococcus sp. TW53. Journal of Applied Microbiology. 
2008; 105(3):698-705. [DOI:10.1111/j.1365-2672.2008.03816.x] 
[PMID]

[17] Alvarez HM, Mayer F, Fabritius D, Steinbüchel A. Forma-
tion of intracytoplasmic lipid inclusions by Rhodococcus opa-

Rasouli A, et al. Single-cell Oil Production By Kocuria Y205. Arch Hyg Sci. 2021; 10(2):143-154.

http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1186/1754-6834-4-16
https://www.ncbi.nlm.nih.gov/pubmed/21658263
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3123552
https://doi.org/10.1002/abio.370110506
https://doi.org/10.1016/j.fuel.2013.08.045
https://doi.org/10.1007/s00253-011-3212-8
https://www.ncbi.nlm.nih.gov/pubmed/21452033
https://doi.org/10.1002/ejlt.201100015
https://doi.org/10.1007/s00253-009-2383-z
https://www.ncbi.nlm.nih.gov/pubmed/20033403
https://doi.org/10.1371/journal.pgen.1002219
https://doi.org/10.1371/journal.pgen.1002219
https://www.ncbi.nlm.nih.gov/pubmed/21931557
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3169528
https://doi.org/10.1002/lipi.19970990704
https://doi.org/10.1007/3-540-40021-4_3
https://www.ncbi.nlm.nih.gov/pubmed/11217418
https://doi.org/10.1007/s00253-002-1135-0
https://www.ncbi.nlm.nih.gov/pubmed/12466875
https://doi.org/10.1111/j.1365-2958.2004.04441.x
https://www.ncbi.nlm.nih.gov/pubmed/15661001
https://doi.org/10.1007/s002530050901
https://doi.org/10.1007/BF02529740
https://www.ncbi.nlm.nih.gov/pubmed/8588744
https://doi.org/10.1023/A:1012227302373
https://www.ncbi.nlm.nih.gov/pubmed/11759050
https://doi.org/10.1139/w04-008
https://www.ncbi.nlm.nih.gov/pubmed/15213740
https://doi.org/10.1111/j.1365-2672.2008.03816.x
https://www.ncbi.nlm.nih.gov/pubmed/18422956


153

Spring 2021. Volume 10. Number 2

cus strain PD630. Archives of Microbiology. 1996; 165(6):377-86. 
[DOI:10.1007/s002030050341] [PMID]

[18] Alvarez HM, Kalscheuer R, Steinbüchel A. Accumulation and 
mobilization of storage lipids by Rhodococcus opacus PD630 and 
Rhodococcus ruber NCIMB 40126. Applied Microbiology and 
Biotechnology. 2000; 54(2):218-23. [DOI:10.1007/s002530000395] 
[PMID]

[19] Voss I, Steinbüchel A. High cell density cultivation of Rho-
dococcus opacus for lipid production at a pilot-plant scale. 
Applied Microbiology and Biotechnology. 2001; 55(5):547-55. 
[DOI:10.1007/s002530000576] [PMID]

[20] Gouda MK, Omar SH, Aouad LM. Single cell oil produc-
tion by Gordonia sp. DG using agro-industrial wastes. World 
Journal of Microbiology and Biotechnology. 2008; 24(9):1703. 
[DOI:10.1007/s11274-008-9664-z]

[21] Parte A. Bergey’s Manual® of sSystematic bacteriology. New 
York: Springer; 2012. [DOI:10.1007/978-0-387-68233-4]

[22] Papanikolaou S, Chevalot I, Komaitis M, Marc I, Aggelis G. 
Single cell oil production by Yarrowia lipolytica growing on an 
industrial derivative of animal fat in batch cultures. Applied Mi-
crobiology and Biotechnology. 2002; 58(3):308-12. [DOI:10.1007/
s00253-001-0897-0] [PMID]

[23] Cheirsilp B, Louhasakul Y. Industrial wastes as a promising 
renewable source for production of microbial lipid and direct 
transesterification of the lipid into biodiesel. Bioresource Tech-
nology. 2013; 142:329-37. [DOI:10.1016/j.biortech.2013.05.012] 
[PMID]

[24] Christensen AD, Kádár Z, Oleskowicz-Popiel P, Thomsen MH. 
Production of bioethanol from organic whey using Kluyveromy-
ces marxianus. Journal of Industrial Microbiology & Biotechnol-
ogy. 2011; 38(2):283-9. [DOI:10.1007/s10295-010-0771-0] [PMID]

[25] Ghaly A, Rushton D, Mahmoud N. Potential air and ground-
water pollution from continuous high land application of cheese 
whey. American Journal of Applied Sciences. 2007; 4(9):619-27. 
[DOI:10.3844/ajassp.2007.619.627]

[26] Castanha RF, Morais LAS, Mariano AP, Monteiro RTR. Com-
parison of two lipid extraction methods produced by yeast in 
cheese whey. Brazilian Archives of Biology and Technology. 
2013; 56(4):629-36. [DOI:10.1590/S1516-89132013000400013]

[27] Moon NJ, Hammond E, Glatz BA. Conversion of cheese 
whey and whey permeate to oil and single-cell protein. Journal 
of Dairy Science. 1978; 61(11):1537-47. [DOI:10.3168/jds.S0022-
0302(78)83762-X]

[28] Ykema A, Verbree EC, Kater MM, Smit H. Optimization of li-
pid production in the oleaginous yeastApiotrichum curvatum in 
wheypermeate. Applied Microbiology and Biotechnology. 1988; 
29(2-3):211-8. [DOI:10.1007/BF01982904]

[29] Mood SH, Golfeshan AH, Tabatabaei M, Jouzani GS, Najafi 
GH, Gholami M, et al. Lignocellulosic biomass to bioethanol, a 
comprehensive review with a focus on pretreatment. Renewable 
and Sustainable Energy Reviews. 2013; 27:77-93. [DOI:10.1016/j.
rser.2013.06.033]

[30] Le RK, Wells Jr T, Das P, Meng X, Stoklosa RJ, Bhalla A, et al. 
Conversion of corn stover alkaline pretreatment waste streams 
into biodiesel via Rhodococci. RSC Advances. 2017; 7(7):4108-15. 
[DOI:10.1039/C6RA28033A]

[31] Kosa M, Ragauskas AJ. Lignin to lipid bioconversion by 
oleaginous Rhodococci. Green Chemistry. 2013; 15(8):2070-4. 
[DOI:10.1039/c3gc40434j]

[32] Taherzadeh MJ, Karimi K. Acid-based hydrolysis pro-
cesses for ethanol from lignocellulosic materials: A review. 
BioResources. 2007; 2(3):472-99. https://ojs.cnr.ncsu.edu/
index.php/BioRes/article/view/BioRes_2_3_472_499_
Taherzadeh_K_AcidHydrolysis_BioEthanol 

[33] Taherzadeh MJ, Karimi K. Enzyme-based hydrolysis pro-
cesses for ethanol from lignocellulosic materials: A review. 
BioResources. 2007; 2(4):707-38. https://ojs.cnr.ncsu.edu/in-
dex.php/BioRes/article/view/BioRes_2_4_707_738_Taher-
zadeh_Karimi_EnzymeBased_Hydrol_Ethanol_Review

[34] Pan LX, Yang DF, Shao L, Li W, Chen GG, Liang ZQ. Isola-
tion of the oleaginous yeasts from the soil and studies of their 
lipid-producing capacities. Food Technology and Biotechnol-
ogy. 2009; 47(2):215-20. https://hrcak.srce.hr/38116

[35] Kraisintu P, Yongmanitchai W, Limtong S. Selection and 
optimization for lipid production of a newly isolated oleagi-
nous yeast, Rhodosporidium toruloides DMKU3-TK16. Ka-
setsart Journal (Natural Science). 2010; 44(3):436-45. https://
li01.tci-thaijo.org/index.php/anres/article/view/244948

[36] Sankari D, Khusro A, Aarti C. Isolation of bacteria from 
soil sample of Tamil Nadu and their in vitro interaction. 
World News of Natural Sciences. 2020; 28:67-75. http://psjd.
icm.edu.pl/psjd/element/bwmeta1.element.psjd-aeccdcc8-
6587-4829-bf5d-a33b109a61ad

[37] Enshaeieh M, Abdoli A, Nahvi I, Madani M. Selection 
and optimization of single cell oil production from Rodoto-
rula 110 using environmental waste as substrate. Journal of 
Cell and Molecular Research. 2013; 4(2):68-75. [DOI:10.5897/
AJB12.2376] 

[38] Sriwongchai S, Pokethitiyook P, Pugkaew W, Kruatrachue 
M, Lee H. Optimization of lipid production in the oleaginous 
bacterium Rhodococcus erythropolis growing on glycerol 
as the sole carbon source. African Journal of Biotechnology. 
2012; 11(79):14440-7. [DOI:10.5897/AJB12.2376]

[39] Herrero OM, Moncalián G, Alvarez HM. Physiological and 
genetic differences amongst Rhodococcus species for using 
glycerol as a source for growth and triacylglycerol produc-
tion. Microbiology (Reading, England). 2016; 162(2):384-97. 
[DOI:10.1099/mic.0.000232] [PMID]

[40] Yu PHF, Chua H, Huang AL, Lo WH, Ho KP. Trans-
formation of industrial food wastes into polyhydroxyal-
kanoates. Water Science and Technology. 1999; 40(1):365-70. 
[DOI:10.2166/wst.1999.0068]

[41] Herrero OM, Alvarez HM. Whey as a renewable source 
for lipid production by Rhodococcus strains: Physiology 
and genomics of lactose and galactose utilization. European 
Journal of Lipid Science and Technology. 2016; 118(2):262-72. 
[DOI:10.1002/ejlt.201500080]

[42] Spurr AR. A low-viscosity epoxy resin embedding medium 
for electron microscopy. Journal of Ultrastructure Research. 
1969; 26(1-2):31-43. [DOI:10.1016/S0022-5320(69)90033-1]

[43] Yamagishi J, Sato Y, Shinozaki N, Ye B, Tsuboi A, Naga-
saki M, et al. Comparison of boiling and robotics automa-
tion method in DNA extraction for metagenomic sequenc-
ing of human oral microbes. PloS One. 2016; 11(4):e0154389. 
[DOI:10.1371/journal.pone.0154389] [PMID] [PMCID]

Rasouli A, et al. Single-cell Oil Production By Kocuria Y205. Arch Hyg Sci. 2021; 10(2):143-154.

http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1007/s002030050341
https://www.ncbi.nlm.nih.gov/pubmed/8661931
https://doi.org/10.1007/s002530000395
https://www.ncbi.nlm.nih.gov/pubmed/10968636
https://doi.org/10.1007/s002530000576
https://www.ncbi.nlm.nih.gov/pubmed/11414319
https://doi.org/10.1007/s11274-008-9664-z
https://doi.org/10.1007/978-0-387-68233-4
https://doi.org/10.1007/s00253-001-0897-0
https://doi.org/10.1007/s00253-001-0897-0
https://www.ncbi.nlm.nih.gov/pubmed/11935181
https://doi.org/10.1016/j.biortech.2013.05.012
https://www.ncbi.nlm.nih.gov/pubmed/23747444
https://doi.org/10.1007/s10295-010-0771-0
https://www.ncbi.nlm.nih.gov/pubmed/20632200
https://doi.org/10.3844/ajassp.2007.619.627
https://doi.org/10.1590/S1516-89132013000400013
https://doi.org/10.3168/jds.S0022-0302(78)83762-X
https://doi.org/10.3168/jds.S0022-0302(78)83762-X
https://doi.org/10.1007/BF01982904
https://doi.org/10.1016/j.rser.2013.06.033
https://doi.org/10.1016/j.rser.2013.06.033
https://doi.org/10.1039/C6RA28033A
https://doi.org/10.1039/c3gc40434j
https://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_2_3_472_499_Taherzadeh_K_AcidHydrolysis_BioEthanol
https://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_2_3_472_499_Taherzadeh_K_AcidHydrolysis_BioEthanol
https://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_2_3_472_499_Taherzadeh_K_AcidHydrolysis_BioEthanol
https://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_2_4_707_738_Taherzadeh_Karimi_EnzymeBased_Hydrol_Ethanol_Review
https://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_2_4_707_738_Taherzadeh_Karimi_EnzymeBased_Hydrol_Ethanol_Review
https://ojs.cnr.ncsu.edu/index.php/BioRes/article/view/BioRes_2_4_707_738_Taherzadeh_Karimi_EnzymeBased_Hydrol_Ethanol_Review
https://hrcak.srce.hr/38116
https://li01.tci-thaijo.org/index.php/anres/article/view/244948
https://li01.tci-thaijo.org/index.php/anres/article/view/244948
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-aeccdcc8-6587-4829-bf5d-a33b109a61ad
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-aeccdcc8-6587-4829-bf5d-a33b109a61ad
http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-aeccdcc8-6587-4829-bf5d-a33b109a61ad
https://doi.org/10.22067/JCMR.V4I2.16979
https://doi.org/10.22067/JCMR.V4I2.16979
https://doi.org/10.5897/AJB12.2376
https://doi.org/10.1099/mic.0.000232
https://www.ncbi.nlm.nih.gov/pubmed/26732874
https://doi.org/10.2166/wst.1999.0068
https://doi.org/10.1002/ejlt.201500080
https://doi.org/10.1016/S0022-5320(69)90033-1
https://doi.org/10.1371/journal.pone.0154389
https://www.ncbi.nlm.nih.gov/pubmed/27104353
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4841512


154

Spring 2021. Volume 10. Number 2

[44] Chen F, Ye J, Chio C, Liu W, Shi J, Qin W. A simplified quick 
microbial genomic DNA extraction via freeze-thawing cycles. 
Molecular Biology Reports. 2020; 47(1):703-9. [DOI:10.1007/
s11033-019-05176-w] [PMID]

[45] Gislin D, Sudarsanam D, Antony Raj G, Baskar K. Anti-
bacterial activity of soil bacteria isolated from Kochi, India 
and their molecular identification. Journal, Genetic Engi-
neering & Biotechnology. 2018; 16(2):287-94. [DOI:10.1016/j.
jgeb.2018.05.010] [PMID] [PMCID]

[46] Tang D, Liu W, Huang L, Cheng L, Xu Z. Efficient bio-
transformation of vitamin D3 to 25-hydroxyvitamin D 3 by a 
newly isolated Bacillus cereus strain. Applied Microbiology 
and Biotechnology. 2020; 104(2):765-74. [DOI:10.1007/s00253-
019-10250-1] [PMID]

[47] Elbendary AA, Hessain AM, El-Hariri MD, Seida AA, 
Moussa IM, Mubarak AS, et al. Isolation of antimicrobial 
producing Actinobacteria from soil samples. Saudi Jour-
nal of Biological Sciences. 2018; 25(1):44-6. [DOI:10.1016/j.
sjbs.2017.05.003] [PMID] [PMCID]

[48] Tuo L, Li FN, Bao YX, Yan XR, Sun CH. Kocuria soli sp. 
nov., an actinobacterium isolated from soil. International 
Journal of Systematic and Evolutionary Microbiology. 2019; 
69(7):2064-8. [DOI:10.1099/ijsem.0.003438] [PMID]

[49] Hansda A, Kumar V, Anshumali. Cu-resistant Kocuria 
sp. CRB15: A potential PGPR isolated from the dry tailing of 
Rakha copper mine. 3 Biotech. 2017; 7(2):132. [DOI:10.1007/
s13205-017-0757-y] [PMID] [PMCID]

[50] Castro AR, Rocha I, Alves MM, Pereira MA. Rhodococ-
cus opacus B4: A promising bacterium for production of 
biofuels and biobased chemicals. Amb Express. 2016; 6(1):35. 
[DOI:10.1186/s13568-016-0207-y] [PMID] [PMCID]

[51] Herrero OM, Villalba MS, Lanfranconi MP, Alvarez HM. 
Rhodococcus bacteria as a promising source of oils from olive 
mill wastes. World Journal of Microbiology and Biotechnolo-
gy. 2018; 34(8):114. [DOI:10.1007/s11274-018-2499-3] [PMID]

[52] Rasouli A, Aghaee SS, Zargar M. [Bio-production of Single-
cell Oil by Rhodococcus Erythropolis PTCC 1767 bacterial us-
ing low-cost carbon sources (Persian)]. Biological Journal of 
Microorganism. 2020; 9(35):71-85. https://bjm.ui.ac.ir/arti-
cle_24758.html

Rasouli A, et al. Single-cell Oil Production By Kocuria Y205. Arch Hyg Sci. 2021; 10(2):143-154.

http://jhygiene.muq.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1007/s11033-019-05176-w
https://doi.org/10.1007/s11033-019-05176-w
https://www.ncbi.nlm.nih.gov/pubmed/31713008
https://doi.org/10.1016/j.jgeb.2018.05.010
https://doi.org/10.1016/j.jgeb.2018.05.010
https://www.ncbi.nlm.nih.gov/pubmed/30733737
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353780
https://doi.org/10.1007/s00253-019-10250-1
https://doi.org/10.1007/s00253-019-10250-1
https://www.ncbi.nlm.nih.gov/pubmed/31776608
https://doi.org/10.1016/j.sjbs.2017.05.003
https://doi.org/10.1016/j.sjbs.2017.05.003
https://www.ncbi.nlm.nih.gov/pubmed/29379355
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5775104
https://doi.org/10.1099/ijsem.0.003438
https://www.ncbi.nlm.nih.gov/pubmed/31091184
https://doi.org/10.1007/s13205-017-0757-y
https://doi.org/10.1007/s13205-017-0757-y
https://www.ncbi.nlm.nih.gov/pubmed/28593515
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5462659
https://doi.org/10.1186/s13568-016-0207-y
https://www.ncbi.nlm.nih.gov/pubmed/27179529
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870530
https://doi.org/10.1007/s11274-018-2499-3
https://www.ncbi.nlm.nih.gov/pubmed/29992446
https://bjm.ui.ac.ir/article_24758.html
https://bjm.ui.ac.ir/article_24758.html

