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Abstract 

The olive oil is an unfavorable substrate for microbial survival and growth. Only few microorganisms use olive oil fatty 
acids as carbon and energy sources, and survive in the presence of olive oil anti-microbial components. In this study, 
we have evaluated the occurrence of microorganisms in 1-year-stored extra-virgin olive oil samples. We detected the 
presence of bacterial and yeast species with a recurrence of the bacterium Stenotrophomonas rhizophila and yeast 
Sporobolomyces roseus. We then assayed the ability of all isolates to grow in a mineral medium supplemented with a 
commercial extra-virgin olive oil as a sole carbon and energy source, and analyzed the utilization of olive oil fatty acids 
during their growth. We finally focused on two bacterial isolates belonging to the species Pantoea septica. Both these 
isolates produce carotenoids, and one of them synthesizes bioemulsifiers enabling the bacteria to better survive/
growth in this unfavorable substrate. Analyses point to a mixture of glycolipids with glucose, galactose and xylose as 
carbohydrate moieties whereas the lipid domain was constituted by C6–C10 β-hydroxy carboxylic acids.
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Introduction
The olive oil is an unfavorable substrate for microbial 
survival and growth (Ciafardini and Zullo 2002a, b; 
Brenes et  al. 2007). Olive oils, in particular virgin and 
extra-virgin oils, contain small amounts of water in the 
form of mini-drops, and high content of various sin-
gle and complex phenolic and glutaraldehyde-like com-
pounds which are released during the malaxation phase 
of the olive oil extraction process, and possess strong 
antimicrobial activity (Brenes et al. 2007; Juven and Henis 
1970; Fleming et  al. 1973; Gourama et  al. 1989). In this 
substrate microorganisms are often below the limit of 
detection with standard culture methods, and only few 

microorganisms are able to overcome the strong selec-
tive pressure of the olive oil antimicrobial compounds 
(Brenes et al. 2007; Ciafardini et al. 2017, Ciafardini and 
Zullo 2018; Medina et al. 2009), and to use olive oil fatty 
acids as sole carbon and energy sources. For this reason, 
information on olive oil microbiology has been limited 
for long time with very few studies published only during 
the last decade.

The content of water mini-drops in freshly produced 
virgin and extra-virgin olive oils may be different depend-
ing on method of extraction process of the olive oil and 
its storage for sedimentation (Koidis et  al. 2008). After 
a few weeks or months, the mini-drops accumulate and 
can trap microorganisms whose survival depends on 
both the access to macro- and micro-nutrients and their 
susceptibility to the olive oil anti-microbial components 
(Koidis et  al. 2008). In general, sporadic occurrence of 
microorganisms in olive oils can be the result of envi-
ronmental contamination during their manufacture and 
storage, and, as such, considered unspecific. However, 

Open Access

*Correspondence:  pietro.alifano@unisalento.it;  
giuseppe.debenedetto@unisalento.it 
1 Department of Biological and Environmental Sciences and Technologies 
(DiSTeBA), University of Salento, Via Provinciale Monteroni 165, 
73100 Lecce, Italy
3 Laboratory of Analytical and Isotopic Mass Spectrometry, Department 
of Cultural Heritage, University of Salento, Lecce, Italy
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-1779-6426
http://orcid.org/0000-0003-0153-2415
http://orcid.org/0000-0001-8856-7543
http://orcid.org/0000-0002-0646-4311
http://orcid.org/0000-0003-3275-8660
http://orcid.org/0000-0002-0850-1681
http://orcid.org/0000-0003-3768-7275
http://orcid.org/0000-0002-0832-5470
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13568-018-0642-z&domain=pdf


Page 2 of 17Pizzolante et al. AMB Expr  (2018) 8:113 

some studies have demonstrated the presence of a spe-
cific microflora mainly composed of yeasts belonging to 
the genera Saccharomyces, Candida and Williopsis in the 
suspended fraction of freshly produced olive oil (Ciafar-
dini and Zullo 2002a, b, 2018), and occasionally moulds 
of the genus Aspergillus. On the other hand, there is lim-
ited information about the occurrence of bacteria (Koidis 
et al. 2008). Yeasts have contrasting roles in olive oil: on 
one hand they are thought to contribute to improvement 
of the organoleptic traits of the olive oil, on the other 
hand they can decrease its safety, integrity and taste (Cia-
fardini and Zullo 2018). Some dimorphic species can 
also be found among the unwanted yeasts in the olive oil. 
Some of these species are considered opportunistic path-
ogens of humans (Koidis et al. 2008; Zullo and Ciafardini 
2008; Zullo et al. 2010).

Interestingly, olive oil microorganisms have a biotech-
nological potential. Indeed, fat/oil/grease-tolerant and/
or metabolizing microorganisms are used for biore-
mediation of oily wastewaters and contaminated soils 
(Ammar et  al. 2005; Azhdarpoor et  al. 2014; Erguderet 
et al. 2000; Ettayebi et al. 2003; Kissi et al. 2001), and are 
valuable sources for enzymes, e.g., lipases, for indus-
trial bioconversion of lipids, fats and oils into high-value 
products (Borrelli and Trono 2015; Sabirova et al. 2011). 
Fat/oil/grease-tolerant and/or metabolizing microorgan-
isms may be also the source of biosurfactants, valuable 
molecules with pronounced surface and emulsification 
activities (Maier 2003; Singh et  al. 2007; Van Hamme 
et  al. 2006). Biosurfactants are a large group of various 
substances that can be categorized by their microbial 
origin and chemical composition into (i) glycolipids, (ii) 
fatty acids, phospholipids and neutral lipids, (iii) poly-
meric biosurfactants, (iv) particulate biosurfactants (San-
tos et al. 2016). These heterogeneous “green” compounds 

find applications in many fields of pharmaceutical indus-
try, food industry, cosmetics, petroleum industry, envi-
ronmental protection and agriculture (Santos et al. 2016; 
Singh et al. 2007).

In the present study we started with the identification 
and characterization of microorganisms in 1-year stored 
extra virgin olive oils, in order to investigate their adap-
tive strategies to grow/survive in this unfavorable envi-
ronment also in view of their possible biotechnological 
exploitation. Then, focused our attention on two bacte-
rial isolates, strictly related to the species Pantoea septica 
(Brady et  al. 2010). Both these isolates produce carote-
noids, and one of them synthesizes a mixture of bioemul-
sifiers: GC–MS and LC–MS analyses suggest they are 
glycolipids.

Materials and methods
Olive oils and microbiological media
Ten extra-virgin olive oils produced by oil mills located 
in Apulia region starting from blends of five different 
olive cultivars were used in this study (Table  1). They 
were stored in autoclaved dark bottles for 1 year at room 
temperature. After this period, the bottles were opened 
under sterile conditions, and checked for the presence of 
microorganisms.

Lysogeny Broth (LB) (10.0 g/L NaCl, 10.0 g/L tryptone, 
5.0  g/L yeast extract, 15.0  g/L agar), and yeast extract 
peptone dextrose (YEPD) (10.0 g/L yeast extract, 20.0 g/L 
peptone, 20.0 g/L 1 d-glucose, 20.0 g/L agar) agar media 
were used for isolation of microorganisms from olive oil 
samples. The chemically defined M9 medium (6.78  g/L 
Na2HPO4, 3.0 g/L KH2PO4, 0.5 g/L NaCl, 1.0 g/L NH4Cl, 
0.49  g/L MgSO4·7H2O, 0.011  g/L CaCl2, 15.0  g/L agar 
when requested) was used as a base to formulate either 
M9-0 medium (without glucose) or M9-oil medium 

Table 1  Properties of olive oil samples and microbial isolates

Extra-virgin olive oil 
sample

Geographical provenience Olive cultivar Microorganism found

#1 Laterza, Taranto Leccino, Coratina, Ogliarola and Frantoio Sporobolomyces roseus

#2 Mottola, Taranto Leccino, Coratina, Ogliarola and Frantoio Stenotrophomonas rhizophila
Pseudomonas cedrina

#3 Martano, Lecce Cellina di Nardò and Ogliarola None

#4 Calimera, Lecce Cellina di Nardò and Ogliarola None

#5 Corigliano d’Otranto, Lecce Cellina di Nardò and Ogliarola None

#6 Galatone, Lecce Cellina di Nardò and Ogliarola None

#7 Lecce Cellina di Nardò and Ogliarola None

#8 Galatone, Lecce Cellina di Nardò and Ogliarola None

#9 Brindisi Cellina di Nardò and Ogliarola Stenotrophomonas rhizophila
Pseudomonas stutzeri

#10 Casarano, Lecce Cellina di Nardò Sporobolomyces roseus
Pantoea septica
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replacing glucose with DMSO-dissolved extra-virgin 
commercial olive oil (Alài®, Agricola Nuova Generazione 
Società Cooperativa, Martano, Lecce, Italy), for growth in 
the presence of olive oil as sole carbon and energy source, 
and free-fatty acids determination.

The fatty acid composition of the Alài® olive oil 
(expressed as µg/mL) is the following: palmitic acid 
(186.67 ± 15.21), palmitoleic acid (25.67 ± 1.81), stearic 
acid (23.20 ± 1.92), oleic acid (946.23 ± 68.34), linoleic 
acid (102.54 ± 9.20), linolenic acid (12.71 ± 1.10). This 
product was sterilized by autoclaving before use to avoid 
growth of endogenous microorganisms.

Isolation and identification of microorganisms
LB or YEPD agar plates were inoculated with different 
volumes of the olive oil samples (20–200 μL), and incu-
bated at 28  °C for 24 (bacteria) and 72 h (yeasts) under 
aerobic conditions. At the end of the incubation period, 
all colonies were counted using a 10× magnification 
lens, and the bacterial or yeast densities were expressed 
as colony-forming units (CFU)/mL. Each single bacte-
rial and yeast colony was inoculated into LB and YEPD 
broth, respectively, and incubated at 28 °C until to middle 
logarithmic phase under rotary shaking at 180  rpm. All 
manipulations were carried out under sterile conditions 
in a laminar flow cabinet.

Conventional methods were used for phenotypic iden-
tification of microorganisms. Bacterial colonies were 
characterized considering a number of phenotypic traits: 
colony morphology (size, shape and pigmentation); cell 
morphology (Gram staining, size and shape); catalase 
and oxidase tests. Further metabolic tests were assessed 
by using API 20E (BioMèrieux), API 20NE (BioMèrieux), 
API 50CH (BioMèrieux) and BBL Enterotube II BD. Yeast 
colonies were classified by colour, shape, margin of col-
ony and metabolic activities by using API 20 C AUX test 
(BioMèrieux).

Molecular identification of bacteria and yeasts was 
performed by 16S/18S rRNA gene sequence analysis. 
To achieve this purpose, bacteria and yeasts were grown 
under appropriate conditions in LB and in YEPD liquid 
media, respectively, to late logarithmic phase. After cen-
trifugation at 3000  rpm for 20 min, pellets were re-sus-
pended in 500  µL of SET buffer (75  mM NaCl, 25  mM 
EDTA, 20  mM Tris–HCl pH 7.5). Lysozyme was used 
at a final concentration of 1  mg/mL (w/v) and left to 
act at 37 °C for 1 h only for bacterial cells. Then sodium 
dodecyl sulphate (SDS) and proteinase K were added at 
a final concentration of 1% and 0.5  mg/mL respectively 
and incubated at 55 °C for 2 h in a water bath and peri-
odically stirred. Total nucleic acids were extracted by 
phenol:chloroform:isoamylic alcohol (25:24:1 [v/v/v]) 
method according to standard procedures (Sambrook 

and Russel 2001) and RNase A (final concentration 
15 µg/mL) was used to remove contaminant RNA. After 
the extraction, high-molecular weight DNA was used 
as template in PCR reactions to amplify the partial 
length 16S rRNA gene or the NS1/NS8 region of the 
18S rRNA gene, respectively. The 16S rRNA encoding-
genes were amplified by using a specific primers pair 
16SE20-42-F (5′-TGG​CTC​AGA​TTG​AAC​GCT​GGCGG-
3′) and 16SEB1488-R (5′-TAC​CTT​GTT​ACG​ACT​TCA​
CC-3′), which were designed on the Escherichia coli 16S 
rRNA gene (Vigliotta et al. 2007). These primers target a 
1400  bp-long DNA fragment. The 18S rRNA encoding-
genes were amplified by using a couple of primers NS1-F 
(5′-GTA​GTC​ATA​TGC​TTG​TCT​C-3′) and NS8-R (5′-
TCC​GCA​GGT​TCA​CCT​ACG​GA-3′) drawn on the Sac-
charomyces cerevisiae 18S rRNA gene (White et al. 1990). 
The resultant PCR product was long about 1700 bp. All 
PCR reactions were performed using a Biorad C1000 
Touch Thermal Cycler. PCR products were separated 
by agarose gel in 1× TAE buffer (40  mM Tris–acetate, 
1  mM EDTA, pH 8.0), recovered by using the Qiaex II 
Gel extraction kit (Qiagen) and sequenced by using the 
same primers pair utilized for the respective amplifica-
tions by MWG Biotech Customer Sequencing Service 
(Germany). The sequences of all bacterial and yeast iso-
lates were compared with those of their closely related 
reference strains present in EzTaxon-e server (Kim 
et  al. 2012) and in nucleotide BLAST database, respec-
tively. Multiple sequence alignments between each pair 
of sequences were performed with ClustalW program 
at the Kyoto University Bioinformatic Center (http://
www.genom​e.jp/tools​/clust​alw/) as previously described 
(Talà et  al. 2013). Phylogenetic trees were constructed 
using the SeaView software (Gouy et  al. 2010) accord-
ing to the neighbour-joining (NJ) (Saitou and Nei 1987), 
maximum-parsimony (MP) (Sober 1983), and maximum-
likelihood (ML) (Felsenstein 1981) methods and Kimura’s 
two-parameter algorithm (Kimura 1980). Tree robust-
ness was determined by bootstrap analysis based on 1000 
resamplings of data (Brown 1994).

The 16S/18S rDNA nucleotide sequences of all isolates 
were deposited at GenBank with the following accession 
numbers: Pantoea septica OOYS-10 (KJ534278), Pantoea 
septica OOWS-10 (KJ534279), Pseudomonas stutzeri 
OOYW-9 (KJ534280), Pseudomonas cedrina OOBS-2 
(KJ534281), Stenotrophomonas rhizophila OOOWS-2 
(KJ534282), Stenotrophomonas rhizophila OOOWS-9 
(KJ534283), Sporobolomyces roseus OOPS-1 (KJ534284), 
Sporobolomyces roseus OOPS-10 (KJ534285). P. sep-
tica OOWS-10 was deposited in publicly accessible 
culture collection (WDCM945) of microorganisms of 
agricultural, industrial and environmental interest (COL-
MIA) at the Research Centre for Plant Protection and 

http://www.genome.jp/tools/clustalw/
http://www.genome.jp/tools/clustalw/
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Certification, Council for Agricultural Research and Eco-
nomics (CREA) with the strain number CREA-PAV 1867.

BOX‑PCR genomic fingerprinting
Bacterial DNA from the two isolates of P. septica and ref-
erence E. coli K12 strain FB8 was extracted as described 
above, and BOX-PCR genomic fingerprinting was car-
ried out as previously described (Pizzolante et  al. 2017; 
Versalovic et  al. 1994) using the BOXA1-R primer (5′-
CTA​CGG​CAA​GGC​GAC​GCT​GACG-3′). Amplification 
was performed with a BIO-RAD Thermal Cycler C1000 
Touch using an initial denaturation step at 95  °C for 
6 min, and subsequent 35 cycles of denaturation at 94 °C 
for 1 min, annealing at 53 °C for 1 min and extension at 
65 °C for 8 min followed by a final extension at 65 °C for 
16 min. PCR products were separated on a 1% (w/v) aga-
rose gel in 1× TBE buffer (Sambrook and Russel 2001).

Growth of microorganisms with olive oil as sole carbon 
and energy source
To test the ability of the isolated microorganisms to grow 
in the presence of olive oil as sole carbon and energy 
source, all strains were grown to middle logarithmic 
phase in M9 medium with glucose at 28° with rotary 
shaking under aerobic conditions. After incubation time, 
cells were centrifuged, washed twice, re-suspended in 
M9-0 medium (without glucose) and plated at appropri-
ate dilutions on solid M9 medium supplemented with an 
olive oil:DMSO emulsion (1:9 v/v) to reach a final con-
centration of 1% (v/v) (M9-OO medium, where OO is the 
abbreviation for olive oil). Then, the microorganisms that 
exhibited growth on solid M9-OO medium, were inocu-
lated into liquid M9-OO medium until middle logarith-
mic phase at 28  °C with rotary shaking. No growth of 
bacteria was observed either on solid M9-0 medium or in 
liquid M9-0 medium (without glucose or olive oil), which 
were used as negative controls.

Free fatty acids extraction and determination from culture 
medium
Microorganisms were grown in liquid M9-OO medium 
to late logarithmic phase at 28  °C with rotary shaking 
under aerobic conditions. Before analyzing free fatty 
acid content at different time intervals (24, 30, and 48 h), 
the growth medium was acidified to pH 2.0 with 50% 
H2SO4 (v/v) as described (Yu et  al. 2008). The result-
ing solution was extracted twice with an equal volume 
of ethyl acetate. The mixture was centrifuged at 5000×g 
for 15  min. The solvent was evaporated to dryness at 
40  °C, under reduced pressure by a Rotavapor (RE120, 
Büchi Labortechnik AG, Postfach, Switzerland). After the 
obtained fatty acids were methylated with BF3/MeOH 
(12% v/v) at 100 °C for 10 min, the reaction was stopped 

by adding saturated NaHCO3 and extracted again with 
n-hexane as described (Lee et  al. 2003a, b). Fatty acid 
methyl esters (FAMEs) were identified and quantified by 
gas chromatography–mass spectrometry (GC–MS) as 
described below.

GC–MS analysis
FAMEs were analyzed using a GC–MS system (Shimadzu 
GC-17A ver. 3.0) with MS QP5050A, equipped with a 
DB-5 capillary column having 30 m length, 0.25 mm ID 
and 0.25  µm thickness. The operation conditions were 
similar to those previously described (Talà et  al. 2013): 
the column temperature was 80  °C at the injection then 
programmed at 10  °C/min to 150  °C, at 5  °C  min to 
250 °C and maintained at 250 °C for 15 min. Split injec-
tion was conducted with a split ratio of 50:1, the flow-rate 
was 1 mL/min, carrier gas used was 99.999% pure helium, 
the injector temperature was 250 °C and the column inlet 
pressure was 74 kPa. The MS detection conditions were 
as follows: 250 °C interface temperature; ionization mode, 
EI+; electron energy, 70 eV; scanning method of acquisi-
tion, ranging from 30 to 450, for mass/charge (m/z) opti-
mization. Spectrum data were collected at 0.5 s intervals. 
Solvent cut time was set at 2 and 45 min retention time 
enough for all fatty acids separation all. Compounds were 
identified by using online NIST-library spectra and pub-
lished MS data. Moreover, FAME mix (C8–C24) authentic 
standard was used to confirm MS data. For quantitative 
assessment of the different free fatty acids, calibration 
curves using external standards were prepared using dif-
ferent concentrations of each FAME.

Determination of fatty acid profile of Pantoea sp. strains
Exponentially growing bacteria were collected by cen-
trifugation (8000×g at 4  °C for 15  min). The cells were 
washed twice with 1% NaCl (w/v) and lyophilized over-
night (Freezone 4.5  L Dry System, Labconco 33 Co. 
Thermo Scientific). Lipids were extracted using the 
modified method of Bligh and Dyer (1959). Lyophilized 
powder (100 mg) was mixed with a total of 114 mL sol-
vent added in this sequence: chloroform, methanol, water 
to achieve a final chloroform/methanol/water ratio of 
1:2:0.8 (by vol). Samples were shaken for 15 s after addi-
tion of each solvent, and incubated overnight at 4  °C. 
After centrifugation at 6500×g for 10 min, the superna-
tant was transferred into a separating funnel, and phase 
separation of the biomass-solvent mixtures was achieved 
by adding chloroform and water to obtain a final chloro-
form/methanol/water ratio of 2:2:1.8 (by vol.). After set-
tling, the bottom phase was collected. A portion of the 
total lipid extract was trans-esterified according to Egu-
chi et al. (2001) at 80 °C for 1 h using a solution of metha-
nol/hydrochloric acid/chloroform 10:1:1 (v/v/v). After 
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the addition of 1  mL water, the mixture was extracted 
twice with 3  mL hexane/chloroform 4:1 (v/v) to obtain 
FAMEs, which were analyzed using GC–MS.

Extraction and analysis of carotenoids and isoprenoid 
quinones from Pantoea sp. strains
Carotenoids and isoprenoid quinones were extracted 
from Pantoea sp. strains as described by Nelis and De 
Leenheer (1989) with some modifications. To about 
50 mg of freeze-dried cells, 2 mL KOH (60% w/v), 2 mL 
methanol and 5 mL of ethanolic pyrogallol (6% w/v) were 
added under vigorous vortex mixing. After a digestion 
time of 45 min at 70 °C, the tubes were cooled and 15 mL 
of NaCl (1% w/w) were added. The mixture was extracted 
with 15 mL of hexane/ethyl acetate (9:1 v/v). The upper 
layer was evaporated and the dry residue was dissolved in 
100 µL of ethyl acetate and analyzed using HPLC.

HPLC analysis
Analyses were carried out by Agilent 1100 HPLC as 
described by Fraser et al. (2000) with slight modifications. 
Carotenoids were separated using a reverse-phase C30 
column (5  μm, 250 × 4.6  mm) (YMC Inc., Wilmington, 
NC, USA) with mobile phases consisting of methanol 
(A), 0.2% ammonium acetate aqueous solution/methanol 
(20:80 v/v) (B), and methyl tertiary butyl ether (C). The 
elution was as follows: 0 min, 95% A and 5% B; 0–12 min, 
80% A, 5% B, and 15% C; 12–42 min, 30% A, 5% B, and 
65% C; 42–60 min, 30% A, 5% B, and 65% C; 60–62 min, 
95% A, and 5% B. The column was re-equilibrated for 
10 min between runs. The flow rate was 1 mL/min, and 
the column temperature was maintained at 25  °C. The 
injection volume was 10 μL. Absorbance was registered 
by diode array at wavelengths of 475 nm for carotenoids 
and 295 nm for quinones. Compounds were identified by 
comparing their retention times and UV–visible spectra 
to authentic standards.

Emulsification activity and surface tension
Pantoea septica OOWS-10 and OOYS-10 isolates, and 
E. coli strain FB8 were grown to confluence on LB plates 
under aerobic conditions. Then bacteria were harvested 
and resuspended in 2 mL PBS. Samples were then centri-
fuged at 4000 rpm for 10 min, and the supernatants were 
assayed for emulsifying activity against diesel fuel. Two-
milliliter aliquots of supernatants (or HPLC fractions) 
were mixed with 1.4  mL of diesel fuel, and vortexed at 
high speed for 2  min. The emulsion was observed after 
letting the tubes stand at room temperature for 60 min. 
Ten microliter of 1% (w/vol) Sudan Black solution was 
added to the diesel fuel to increase contrast as described 
(Smith et al. 2016).

Surface tension of the solutions was measured with an 
FTA 1000 series Goniometer (First Ten Angstroms, USA) 
using the pendant drop method. The instrument has the 
capability of measuring IFT values of 0–2000 mN/m with 
accuracy of 0.5% and resolution of 0.1%. The instrument 
was calibrated against water, and measurements were 
performed in triplicate at 25 ± 0.1 °C.

Liquid chromatography–mass spectrometry (LC–MS)
Supernatants (prepared as described above for emulsify-
ing activity determination) and HPLC fractions were ana-
lyzed by a Surveyor MS Pump on line with a LCQ DECA 
XP Plus (Thermo Finnigan) mass spectrometer equipped 
with an ESI source. Separations were performed on an 
analytical 2.1- by 100-mm Thermo Scientific Accucore 
C18 reverse-phase column (particle size, 2.6  µm) pro-
tected with a C18-Security Guard cartridge, 2.1 × 10 mm 
packed with the same stationary phase. The injection 
volume was 2  µL. The mobile phase components were 
10 mM ammonium formate brought to pH 4.6 with for-
mic acid (A) and acetonitrile (B); the isolates were eluted 
according to the following linear gradient of B: 0  min, 
10%; 1  min, 10%; 20  min, 80%; 24  min, 80%; 25  min, 
5%; 30  min, 5% at flow rate of 0.2  mL/min. The pooled 
bioemulsifier containing fraction was eluted with the fol-
lowing linear gradient of B: 0 min, 5%; 2 min, 5%; 35 min, 
80%; 39 min, 80%; 40 min, 5%; 45 min, 5%. MS was oper-
ated in full scan positive mode in the mass range from 
m/z 350 to 1500. The crude water-soluble supernatants 
containing bioemulsifiers were fractionated using HPLC. 
100  µL aliquots of P. septica OOWS-10 extract were 
injected on a Symmetry300 C4 column (150 × 2.1  mm, 
particle size 3.5  µm; Thermo Scientific) and eluted at a 
flow rate of 200  µL min-1 using water (Solvent A) and 
LCMS-grade acetonitrile (solvent B) applying the fol-
lowing gradient of B: 0 min, 5%; 2 min, 5%; 35 min, 80%; 
39 min, 80%; 40 min, 5%; 45 min, 5%. Fractions (0.5 ml) 
were collected and monitored by emulsification activity. 
The fractions with higher values of emulsifying activity 
were characterized by GC–MS (after acid hydrolysis) and 
LC–MS.

Acid hydrolysis of the bioemulsifier and GC–MS analysis
Microwave assisted acid hydrolysis of the bioemulsi-
fier containing eluate was done as described previously 
(Faraco et al. 2016). In brief, fractions were transferred in 
Teflon vials and dried, then 1 mL of 2 M trifluoroacetic 
acid was added. The acidic hydrolysis of the samples 
was then performed using a microwave oven Milestone 
model ETHOS (Sorisole, Bergamo, Italy) with the fol-
lowing program: power 500  W, temperature 100  °C, 
duration 30 min. After centrifugation at 10,000  rpm for 
5  min, supernatant was transferred in a 2  mL vial and 
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dried. Derivatization was carried out as described (Fiehn 
et al. 2000). Carbonyl moieties were protected by meth-
oximation, using 50 μL of a 20 mg/mL solution of meth-
oxyamine hydrochloride in pyridine at 30 °C for 90 min. 
Afterward, derivatization was carried out with 50 μL of 
N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA) 
at 60  °C for 30  min. One-microliter aliquots of these 
solutions were injected in splitless mode into a GC/MS 
system consisting of an autosampler, a Scion 456 gas 
chromatograph, and a Scion TQ triple quadrupole mass 
spectrometer (all Bruker Daltonics, Freemont, USA). The 
chromatographic separation was performed on a chemi-
cally bonded fused silica capillary column Br 5-MS col-
umn (Bruker Daltonics), 0.25  mm internal diameter, 
0.25 µm film thickness, 30 m length, connected to a 2 m 
long deactivated fused silica capillary pre-column. Injec-
tion temperature was 280  °C, the interface was set to 
300 °C, and the ion source was adjusted to 230 °C. Oven 
conditions: initial temperature 70  °C, 2  min isothermal, 
6  °C/min up to 310  °C, 10  min isothermal. Carrier gas: 
He, constant flow 1.0  mL/min. Electron impact spec-
tra were recorded at 70  keV in selected ion monitoring 
mode to detect trimethylsilylated methoximate samples. 
The sugar standards used for identification were glucose, 
mannose, galactose, rhamnose, fucose, ribose, arabinose, 
and xylose (Sigma-Aldrich). β-Hydroxy acids were deter-
mined as trimethylsilylated derivatives using the same 
derivatization protocol: data were analyzed with MS 
Workstation (Bruker Daltonics) and AMDIS software. 
Identification of β-hydroxy acids was performed with the 
Wiley MS library search and comparison with spectral 
data.

Results
Isolation and identification of microorganisms from olive 
oil samples
LB and YEPD agar media were used to isolate micro-
organisms from ten 1-year-stored extra-virgin olive oil 
samples (Table  1). Microbial count and isolation were 
carried out under aerobic conditions. Of the ten analyzed 
samples, four (#1, #2, #9, #10 in Table  1) were positive 
by culture with a total microbial (yeasts and bacteria) 
count of about 5.0 × 103 CFU/mL, on average. No direct 
correlation between olive cultivars used to make up the 
blends of olive oils and occurrence of microorganisms 
was found.

The isolates were preliminary grouped into six mor-
photypes on the basis of cultural features. These isolates 
were designated with the OO abbreviation (for olive oil, 
source of isolation), followed by the initial of colony type 
(YS, yellow and smooth; YW, yellow and wrinkled; WS, 
white and smooth; OWS, opaque white and smooth; 
BS, brownish and smooth; PS, pink and smooth) and a 

number representative of the analyzed sample. Biochem-
ical tests and nucleotide sequence analysis of 16S/18S 
rRNA genes were performed in order to establish the 
identity of all microorganisms. A total of three bacte-
rial and one yeast taxa were represented in the analyzed 
olive oil samples including two strains belonging to 
Enterobacteriaceae (OOWS-10, OOYS-10), two to Xan-
thomonadaceae (OOOWS-2, OOOWS-9), two to Pseu-
domonadaceae (OOBS-2, OOYW-9), two to the genus 
Sporobolomyces (OOPS-1, OOPS-10).

Phylogenetic relationships between the 16S rRNA 
gene sequences of the olive oil bacteria and those of their 
strictly related reference strains are shown (Figs.  1, 2). 
The phylogenetic analysis of the Enterobacteriaceae tree 
(Fig. 1a) showed high similarity between OOWS-10 and 
OOYS-10 16S rRNA gene sequences and that of Pantoea 
septica (Brady et  al. 2010). Biochemical tests confirmed 
the taxonomic assignment of the two isolates to this spe-
cies (Additional file  1: Table  S1). The phylogenetic data 
collocated OOOWS-2 and OOOWS-9 in the Steno-
trophomonas rhizophila cluster (Fig.  1b). The two olive 
oil isolates shared the same phenotypic traits (Additional 
file 1: Table S2). The identification of Stenotrophomonas 
rhizophila in two unrelated olive oil samples suggests 
that its presence was not merely accidental in this sub-
strate. The isolate OOBS-2 was positioned in the Pseu-
domonas cedrina phylogenetic branch (Fig. 2a). However, 
the biochemical markers failed to assign OOBS-2 unam-
biguously to P. cedrina. In fact, this microorganism 
shared some phenotypic traits with both Pseudomonas 
cedrina subsp. Cedrina (Behrendt et al. 2009; Dabboussi 
et  al. 1999) and Pseudomonas gessardii (Verhille et  al. 
1999) (Additional file 1: Table S3). In contrast, 16S rRNA 
sequence analysis and biochemical data unambiguously 
assigned OOYW-9 to the species Pseudomonas stutzeri 
(Fig.  2b and Additional file  1: Table  S4) (Lehmann and 
Neumann 1896; Sijderius 1946). Lastly, the 18S rRNA 
phylogenetic data collocated the yeast isolates OOPS-1 
and OOPS-10 in the cluster of Sporobolomyces roseus 
(Fig. 3) (Bai et al. 2002; Nakase 2000). Biochemical traits 
were consistent with this assignment (Additional file  1: 
Table S5).

We then assayed their ability to grow in a mineral 
medium supplemented with a commercial extra-virgin 
olive oil (M9-OO) as a sole carbon and energy source. 
The fatty acid composition of the commercial extra-
virgin olive oil used for these experiments is reported in 
“Materials and methods” section. All microbial isolates 
grew well either on solid or in liquid M9-OO media with 
growth rates during early exponential phase (μ) rang-
ing from 0.10 to 0.40 (Additional file  1: Table  S6). In 
this medium, P. septica OOYS-10 and OOWS-10, and 
S. roseus OOPS-1 and OOPS-10 isolates exhibited the 
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highest growth rates. These results demonstrate that all 
microbial isolates were able to utilize olive oil fatty acids, 
although we cannot excluded the possibility that other 
olive oil components including oleuropein can also be 
used as some strains were positive to β-galactosidase 
activity (Additional file 1: Tables S2–S4).

Characterization of the P. septica isolates OOWS‑10 
and OOYS‑10
We next focused our attention on the two bacterial iso-
lates, strictly related to the species P. septica because 
there is very limited information about this species and 

its physiology in the literature, and it has never been iso-
lated before as a fat/oil/grease-tolerant and/or metaboliz-
ing microorganism.

We first decided to analyze the membrane fatty acid 
profile of the two isolates because it represents a useful 
chemo-taxonomical trait for classification of the Pantoea 
spp. (Mergaert et al. 1993) and, at the same time, it may 
be correlated with the utilization of olive oil fatty acids. 
Regarding the first point, it should be noted that informa-
tion about the membrane fatty acid pattern of P. septica 
is currently missing. The GC–MS profiles of membrane-
derived FAMEs were consistent with the taxonomical 

Fig. 1  NJ phylogenetic tree based on 16S rRNA gene sequences showing the taxonomical positions of Pantoea septica strains OOWS-10 and 
OOYS-10 (a) and Stenotrophomonas spp. OOOW-2 and OOOW-9 (b) with respect to their closely related reference strains. Bootstrap values 
(expressed as percentages of 1000 replicates) of ≥ 50% are shown at branch points. Filled circle, filled square, star indicate that the corresponding 
nodes were also recovered in trees constructed using MP, ML, and both algorithms, respectively. Pseudomonas aeruginosa DSM 50071T was used as 
an outgroup. Bar, 0.01 substitutions per nucleotide position



Page 8 of 17Pizzolante et al. AMB Expr  (2018) 8:113 

assignment of these two isolates to the genus Pantoea 
with a dominance of palmitic acid (C16:0) and an abun-
dance of UFAs accounting for up to 40% of the total fatty 
acid content. The most represented UFAs in P. septica 
OOWS-10 and OOYS-10 were C16:1ω7c (26.5 and 22.3%, 
respectively) and C18:1ω7c (22.6 and 20.4%, respectively) 
(Additional file 1: Table S7).

The respiratory quinone profile was then analyzed 
by HPLC. The predominant isoprenoid quinone was 

ubiquinone-8 (Q-8) (~ 110 µg/g dw in P. septica. OOWS-
10 and ~ 200  µg/g  dw in P. septica OOYS-10); minor 
amount of ubiquinone-10 (Q-10) was also detected 
(~ 2 µg/g dw in OOWS-10 and ~ 6 µg/g dw in OOYS-10) 
(Additional file  1: Table  S8). HPLC analysis of the pig-
ments indicated that P. septica OOWS-10 and OOYS-
10 produced lutein and a β-carotene pigment based on 
a comparison with authentic standards (Additional file 1: 
Table S8). The amount of lutein in P. septica OOWS-10 

Fig. 2  NJ phylogenetic tree based on 16S rRNA gene sequences showing the positions of Pseudomonas sp. OOBS-2 (a) and Pseudomonas sp. 
OOYW-9 (b) and some other related taxa. Bootstrap values (expressed as percentages of 1000 replicates) of ≥ 50% are shown at branch points. 
Filled circle, filled square, star indicate that the corresponding nodes were also recovered in trees constructed using MP, ML, and both algorithms, 
respectively. Pseudomonas aeruginosa DSM 50071T and Stenotrophomonas maltophilia ATCC 13637T were used as outgroups in a and b respectively. 
Bar, 0.005 and 0.01 substitutions per nucleotide position
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and OOYS-10 was 0.8 and 1.6 µg/g dw while β-carotene 
was 0.7 and 1.2  µg/g  dw, respectively. It is interesting 
to note that yellow pigmentation of OOYS-10 was cor-
related with higher amount of carotenoids (Additional 
file 1: Table S8).

On LB agar, the two isolates from olive oil formed dif-
ferent colonies for color, appearance, texture and opacity 
(Fig.  4). P. septica OOWS-10 showed large flat/crateri-
form, white, opaque, mucoid colonies with delineated 
margins (Fig. 4a); in contrast P. septica OOYS-10 formed 
small convex, yellow, translucent, dry leathery colonies 
with jagged edges (Fig.  4b). In spite of this remarkable 
difference in colony morphology, the two P. septica iso-
lates were almost indistinguishable on the basis of bio-
chemical tests (Additional file 1: Table S1) and 16S rRNA 
gene sequence analysis (Fig.  1a). To determine whether 
the two isolates are different morphotypes of the same P. 
septica strain or different strains belonging to the same 
species, we carried out BOX-PCR fingerprinting analy-
sis. This technique is based on PCR amplification using 
a single primer that targets the repetitive BOX regions 
scattered in the genome of bacteria and results in strain-
specific fingerprinting (Koeuth et  al. 1995; Louws et  al. 
1994). It was successfully used to analyze the microdiver-
sity of bacterial communities (Berg et al. 2005). The fin-
gerprints of P. septica OOWS-10 and P. septica OOYS-10 
were composed of 8–10 major bands with sizes ranging 

Fig. 3  NJ phylogenetic tree based on 16S rRNA gene sequences showing the position of Sporobolomyces roseus OOPS-1, OOPS-10 and their 
strictly related reference strains. Bootstrap values (expressed as percentages of 1000 replicates) of ≥ 50% are shown at branch points. Filled circle, 
filled square, indicate that the corresponding nodes were also recovered in trees constructed using MP, ML, and both algorithms, respectively. 
Bulleromyces albus MUCL 30301T was used as an outgroup. Bar, 0.1 substitutions per nucleotide position

Fig. 4  Colony phenotypes of P. septica isolates OOWS-10 (a) and 
OOYS-10 (b) on LB agar plates
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from about 500 to 3000 bp with some evident difference 
in genomic pattern between the two isolates (Additional 
file 1: Fig. S1). This result seems to suggest that the two 
isolates of P. septica are distinct strains.

Olive oil fatty acids utilization by P. septica
To gain more insight into the adaptive strategies of P. 
septica to grow/survive in an environment unfavorable 
for microbial growth, we analyzed the ability of the two 
isolates, OOWS-10 and OOYS-10, to utilize the olive oil 
fatty acids. To this purpose, the two isolates were indi-
vidually cultivated in M9-OO medium (Fig. 5a), and the 
exhausted medium was harvested at different time inter-
vals and analyzed by GC–MS (Fig. 5b). Both isolates were 
able to grow by utilizing the olive oil fatty acids albeit at 
a different extent. In particular, unsaturated fatty acids 
(UFAs) were rapidly utilized, and utilization of olive oil 
fatty acids was correlated with growth curves in M9-OO. 
For instance, with respect to P. septica OOYS-10, the 
isolate OOWS-10 reached higher final biomass values 
(Fig. 5a) and also exhibited higher extent of olive oil fatty 
acids utilization at later time points (Fig. 5b).

The macro-morphology of P. septica OOWS-10 (Fig. 4), 
and its efficiency in metabolizing the olive oil fatty acids 
(Fig. 5) were suggestive of an ability to produce bioemul-
sifiers molecule(s), similarly to other fat/oil/grease-tol-
erant and/or metabolizing microorganisms (Santos et al. 
2016). Indeed, preliminary observation by phase contrast 
microscopy indicated an aptitude of these bacteria to 
form clusters at the interface of an olive oil–water mix-
ture (Fig. 6a, left and center). This property that could not 
be observed with P. septica OOYS-10 (Fig. 6a, right) was 
indicative of an ability of P. septica OOWS-10 to produce 
bioemulsifiers.

To test this hypothesis, we verified the emulsifying 
activity of the two isolates against diesel fuel (Fig.  6b). 
The assay was performed with supernatants: bacteria 
were grown to confluence on LB agar, harvested and 
resuspended in PBS. Bacteria were removed by centrifu-
gation and equal volume of bacteria supernatants and 
diesel fuel containing the lipophilic dye Sudan Black were 
then mixed, and allowed to separate in a test tube. E. coli 
strain FB8 was used as a negative control. In this assay, P. 
septica OOWS-10 demonstrated emulsifying properties. 
This behavior was not observed with the other bacterial 
strains. This qualitative assay was confirmed by surface 
tension measurements: as can be seen in Fig.  7 surface 
tension of P. septica OOWS-10 supernatant was about 
63 mN/m, value lower than both the one recorded for P. 
septica OOYS-10 supernatant in the same conditions and 
the PBS control (Additional file 1: Fig. S2), suggesting the 
presence of poor bioemulsifiers.

Characterization of bioemulsifiers from P. septica
Supernatants were also analysed by HPLC–ESI–MS in 
positive mode and the profiles confirmed the differences 
between the isolates (data not shown). However, it was 
not possible to identify in the chromatogram ions attrib-
utable to the known rhamnolipids reported for other 
Pantoea strains (Vasileva-Tonkova et  al. 2007; Behrens 
et  al. 2016; Rooney et  al. 2009). As a result, P. septica 
OOWS-10 supernatant was fractionated by HPLC on 
a C4 column. Among the different fractions collected, 
only two showed emulsifying activity, the first from 15 
to 17 min, and the second from 17 to 19 min. These two 
fractions were pooled and an aliquot was dried, and sub-
jected to microwave assisted acid hydrolysis. The car-
bohydrate moieties in the produced bioemulsifiers were 

Fig. 5  Growth curves of P. septica isolates OOWS-10 and OOYS-10 in 
M9-OO medium (a) and microbial utilization of Alài® extra-virgin olive 
oil fatty acids as determined by GC–MS (b)
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determined by GC–MS as ethoximate trimethylsilylated 
derivatives. Figure  8 shows the selected ion monitor-
ing chromatogram: the monosaccharide composition 
was identified as xylose (46%), galactose (11%), and glu-
cose (41%). As expected, sugars were detected only after 
acid hydrolysis. The hydroxy fatty acid composition was 
determined by GC–MS. Additional file 1: Fig. S3 shows 
the extracted ion chromatogram of P. septica OOWS-10 
hydrolysate in the mass region m/z 230–350 where the 
β-hydroxy acids identified as di-trimethylsilylated com-
pounds have been labeled. Another aliquot was analyzed 
by HPLC–MS. Only peaks absent from the other frac-
tions and from P. septica OOYS-10 supernatant were 
considered and Fig. 9 shows the relevant extracted chro-
matogram. The molecular formula of each component 
was inferred from the pseudomolecular ion m/z and its 

fragmentation. As glucose and galactose could not be dis-
tinguished both moieties were labeled Hex. Peaks 1 and 2 
at 12.64 and 13.54 min correspond to disaccharides, the 
former dixylose and the latter dihexose, having β-hydroxy 
fatty acids with a chain of 8 and 10 carbon atoms, respec-
tively, whereas the other peaks are monosaccharides 
with different β-hydroxy fatty acids as lipid moieties. In 
particular the peak at 14.26 is a glycolipid with a hexose 
and two C6 units, both peaks 4 and 5 have a C6 and a 
C8 β-hydroxy fatty acids linked to a xylose and a hexose, 
respectively, and the last identified peak at 15.23 min is 
a monohexose bioemulsifier with a lipid backbone con-
sisting of two C10 chains. In Table  2 the mass of the 
pseudomolecular ion, the suggested formula and relative 
percentages obtained using the peak area were listed and 
labeled according to the position in Fig. 9.

Fig. 6  Emulsification activity associated with P. septica isolates OOWS-10. a Behaviors of P. septica OOWS-10 and OOYS-10 in an olive oil–water 
mixture. Note the tendency of P. septica OOWS-10 to form clusters at the interface of the oil–water mixture. The white bars represent 10 μm. b 
Emulsification activity assay. P. septica OOWS-10 and OOYS-10 were grown to confluence on LB agar, harvested and resuspended in PBS. Bacteria 
were removed by centrifugation and equal volume of bacteria supernatants and diesel fuel containing the lipophilic dye Sudan Black were then 
mixed, and allowed to separate in a test tube. E. coli strain FB8 was used as a negative control
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Discussion
In this study we have characterized eight microbial 
strains (six bacteria and two yeasts) from 1-year-stored 
extra-virgin olive oils, which were isolated under aero-
bic conditions. Two strains belonging to Enterobacte-
riaceae were assigned to the species P. septica. Pantoea 
is a genus of Gram-negative bacilli that have been 
shown to be either beneficial or harmful in association 

with plants (Walterson and Stavrinides 2015). There 
is very limited information about the species P. sep-
tica, although strains belonging to this species were 
implicated in nosocomial septicaemia outbreak in the 
USA in 1971 (Brady et al. 2010). Recently, the genome 
sequence of P. septica strain FF5 has been published 
(Lo et al. 2015). The occurrence of P. septica in olive oil 
demonstrates a high adaptability of this bacterium to 

Fig. 7  Surface tension measurements with pendant drop tensiometry: grayscale image, drop data and resulting surface tension of supernatants of 
P. septica OOWS-10 (a) and P. septica OOYS-10 (b)

Fig. 8  GCMS chromatogram showing the carbohydrate content of P. septica OOWS-10 supernatant fraction having emulsifying activity after 
microwave assisted acid hydrolysis
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different environments and substrates, and its biotech-
nological potential.

Two strains belonging to Xantomonadaceae were 
assigned to the species Stenotrophomonas rhizoph-
ila cluster. S. rhizophila is a plant growth promoting 
microorganism (PGPM) that lives in the rhizosphere 
of many plants, produces the plant growth hormone 
indoleacetic acid, and possesses antagonistic activ-
ity against plant-pathogenic fungi (Wolf et  al. 2002; 
Suckstorff and Berg 2003; Schmidt et  al. 2012). This 
species is resistant to cold and desiccation, and there 

is evidence that it is able to promote growth of a wide 
variety of crops in saline soils (Egamberdieva et  al. 
2011).

Among the two strains belonging to Pseudomona-
daceae, one was related to Pseudomonas cedrina and 
Pseudomonas gessardii, but could not be assigned unam-
biguously to one or the other species, while the other was 
assigned to the species Pseudomonas stutzeri. This bac-
terium is widely distributed in natural environments and 
takes advantage of a great metabolic versatility (Lalucat 
et  al. 2006). It is involved in environmentally important 

Fig. 9  Total ion chromatogram of glycolipid homologues produced by P. septica OOWS-10. Peaks are numbered according elution order as 
reported in Table 2

Table 2  Chemical structure and relative abundances of the glycolipids homologues produced by P. septica OOWS-10

Xyl stands for a xylose molecule whereas Hex stands for a Glucose or a Galactose molecule; Cn stands for an alkane fatty acid molecule with n carbons in carbon chain 
length

Peak number Glycolipid Retention time (min) [M + H]+ (m/z) Peak area (counts/10E5) Peak area (%)

1 Xyl–Xyl-C8 12.64 423.4 206 33.0

2 Hex–Hex-C10 13.54 511.5 246 39.4

3 Hex-C6-C6 14.26 407.5 23 3.7

4 Xyl-C8-C6 14.44 405.5 18 2.9

5 Hex-C8-C6 14.58 435.5 72 11.5

6 Hex-C10-C10 15.23 519.5 60 9.6
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metabolic activities. Some of its major tasks are metal 
cycling and degradation of biogenic and xenobiotic com-
pounds (Lalucat et al. 2006). Interestingly, literature also 
reports many crude oil-, oil derivative-, and/or aliphatic 
hydrocarbon-degrading P. stutzeri strains (Criddle et  al. 
1990; Janiyani et al. 1992; Pucci et al. 2000; Joo et al. 2001; 
Dijk et al. 2003; Hou et al. 2004).

The two yeast isolates were assigned to the spe-
cies Sporobolomyces roseus. S. roseus is one of the most 
common phylloplane yeasts (Bai et  al. 2002; Derx 1930; 
Nakase 2000). This pink yeast is extensively used for 
biotechnological purpose as a biocontrol agent, a lignin 
degrader, a protease and urease producer, a source of 
carotenoids for human and animal diet (Jahns 1995; 
Abranches et  al. 1997; Filonow 2001; Kosikova and Sla-
vikova 2004; Breierova et al. 2008). At the same time, it 
should be also pointed out this yeast has been also asso-
ciated with disease in dogs and humans (Saey et al. 2011; 
McNicholas et al. 2012).

Although no direct correlation between olive culti-
vars (used to produce the olive oils) and occurrence of 
microorganisms was found in our analysis (Table 1), it is 
reasonable to assume that the origin of detected microor-
ganisms may be the olive carposphere if we consider the 
general characteristics of the isolated microorganisms. 
For instance, Pantoea spp. were consistently found in the 
olive mesocarp of plants subjected to different cultural 
practices (Pascazio et  al. 2015). Nevertheless, it is not 
possible to rule out the possibility that, at least in some 
cases, accidental microbial contamination may have 
occurred coming from staff and/or processing plant.

It should be also noted that although some bacteria 
could be isolated from the olive oil samples, their pres-
ence could be underestimated, as the isolation agar 
media were incubated for only 24 h. This period may be 
too short to “resuscitate” bacteria that may have been 
stressed/damaged in 1-year stored olive oils. In addition, 
the short incubation period may have favored the isola-
tion of fast-growing species. Finally, it should be pointed 
out that both microbial count and isolation were per-
formed under aerobic conditions. Indeed, to the best of 
our knowledge, the presence of strictly anaerobic micro-
organisms was not documented so far in other studies on 
stored olive oil, which, instead, mainly report the pres-
ence of aerobic or facultative anaerobic microorganisms 
(see “Introduction”). As the olive oil storage is expected 
to establish nearly anaerobic conditions, it would be 
interesting in the future to evaluate the eventual presence 
of strictly anaerobic bacteria in this substrate.

Notably, all microbial isolates were able to utilize the 
olive oils fatty acids as sole carbon and energy source for 
growth suggesting an adaptive strategy to grow/survive 
in this unfavorable substrate. Although the capability of 

using efficiently olive oil fatty acid for growth is expected 
for S. roseus, a yeast species that is also industrially used 
for production of UFAs (Cui et  al. 2012), this capability 
is rather new for the other isolated microorganisms (i.e., 
P. septica, S. rhizophila, P. stutzeri and Pseudomonas sp. 
OOBS-2). However, very recently, a bacterial consortium 
that degrades cooking oil has been isolated in wastewater 
samples, by enrichment in olive cooking oil (Nzila et al. 
2016). This consortium is formed by five bacterium spe-
cies including S. rhizophila, Sphingobacterium sp. and 
three Pseudomonas species (Pseudomonas libanensis, 
Pseudomonas poae and Pseudomonas aeruginosa), can 
degrade the free fatty acids palmitic, stearic, oleic, lin-
oleic and linolenic acids, and exhibit high levels of extra-
cellular lipase activity. The occurrence of S. rhizophila 
and Pseudomonas species in our olive oil samples is thus 
consistent with this finding. Beside, it is worth noting 
the ability of S. rhizophila strain PM-1 to degrade crude 
oil and polycyclic aromatic hydrocarbons (Kumar and 
Manjunatha 2016; Virupakshappa et al. 2016) suggesting 
the utility of the isolated microorganisms in removal of 
exhausted cooking oil from wastewater, and in bioreme-
diation of petroleum hydrocarbon contaminated envi-
ronments. Indeed, as noticed by Margesin et  al. (2003), 
the capability of microorganisms to degrade hydrocar-
bons and lipids is related to the fact that similar enzymes 
are involved in both degradation processes. In fact, 
the initial step of hydrocarbon oxidation produces pri-
marily alcohols that are further converted to the corre-
sponding fatty acids, which are metabolized through the 
β-oxidation pathway.

In this study we focused our attention on the two 
olive oil isolates belonging to the species P. septica for 
their ability to synthesize appreciable levels of carote-
noids and poor bioemulsifiers enabling the bacteria to 
emulsify the olive oil and survive/growth in this unfa-
vorable substrate. The production of carotenoids may 
be related to the metabolic adaptation of the microor-
ganism to the olive oil environment. Indeed, it is well 
known that the utilization of long-chain fatty acids as 
main carbon source for growth stimulates H2O2 emis-
sion in aerobic bacteria and mitochondria, and that the 
respiratory complex III and the electron transfer flavo-
protein (ETF) and ETF-oxidoreductase are likely sites 
of reactive oxygen species (ROS) production (Seifert 
et  al. 2010). It is therefore conceivable that lutein and 
β-carotene are produced by the P. septica isolates to 
counteract the detrimental effects induced by ROS on 
cell physiology and metabolism, due to their ability to 
scavenge ROS (El-Agamey et  al. 2004). In this regard, 
it is worth of noticing that carotenoid-defective mutant 
of Pantoea sp. YR343, a microorganism isolated from 
the rhizosphere of Populus deltoids, was defective 
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in root colonization suggesting that carotenoids are 
important for plant association and/or rhizosphere sur-
vival (Bible et  al. 2016). The evidence that the yeast S. 
roseus, which we also isolated from olive oil, is used for 
industrial production of carotenoids further support 
the link between long-chain fatty acid β-oxidation and 
carotenoid biosynthesis. Altogether these findings also 
indicate that the olive oil microorganisms such as P. 
septica could be proposed for industrial production of 
carotenoid compounds. Indeed, chemical synthesis of 
carotenoids is challenging and costly, while extraction 
from plants is also laborious and often limited by the 
availability of the sources. There exists a demand for 
microbial production of carotenoids by fermentation 
(Cheng 2007).

The presence of bioemulsifiers is the most notable 
trait of P. septica OOWS-10, distinguishing it from 
the other isolate, P. septica OOYS-10, and account-
ing for different phenotype of the two isolates on LB 
agar. A simple fractionation was carried out by reverse 
phase HPLC on a C4 column and only the eluate from 
15 to 19 min contained bioemulsifiers. GC–MS analy-
sis revealed a peculiar carbohydrate composition: no 
rhamnose could be identified in the hydrolysate as 
already observed with Pantoea ananatis BRT175 which 
produces glycolipid that incorporates a not identified 
hexose rather than rhamnose (Smith et  al. 2016). In 
the present study a mixture of monosaccharides was 
detected as observed for glycolipids produced by bac-
teria Halomonas sp. grown in hexadecane (Pepi et  al. 
2005).

Whereas the carbohydrate and fatty acid composition 
of the bioemulsifier has been determined by GC–MS, the 
final formula assignment was made by HPLC–ESI–MS 
analyses, carried out solely on the eluate showing emul-
sifying activity. These analyses confirmed the presence of 
different glycolipids composed of β-hydroxy fatty acids 
with 6, 8, and 10 carbon atoms and pentoses or hexoses 
as hydrophilic head. In brief, these results suggested that 
the bioemulsifiers produced by P. septica OOWS-10 were 
glycolipids, in which disaccharides linked to a single 
β-hydroxy fatty acid chain were the main components. 
These bioemulsifiers could have potential application in 
bioremediation of olive oil waste.
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