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Abstract. The presence of bacteria in the cosmetic production environment is often connected with non-sterile raw materials, inap-
propriate production lines disinfection or cross contamination. Among bacteria isolated from the environment, opportunistic pathogens
can be also found, posing a risk to patients with lowered immunity. Moreover, their susceptibility to antibiotics and disinfectants is
frequently decreased as they develop more complex forms - biofilms. As hydrophobicity and adhesive properties play a vital role
in the colonization process the aim of this research was to determine hydrophobic, aggregative and adhesive properties of bacteria
isolated from the cosmetics.

Bacteria used in the research were isolated from the body balm and the cosmetic preservative (three strains of Pseudomonas aeru-
ginosa and four strains of Pseudomonas cedrina) and identified using 16S rRNA gene sequencing. For those strains and also two
reference strains (P. aeruginosa ATCC15442 and P. cedrina DSM17516) an aggregation test, hydrophobicity by two different methods
(SAT and MATH) and adhesion to polystyrene by crystal violet binding assay were performed.

According to the SAT method more than half of the tested strains were strongly hydrophobic. Using MATH test, it was proved
that four strains (P. cedrina DSM17516 and three isolates of P. aeruginosa) were strong hydrophobes, however, the rest of the strains
expressed moderate hydrophobicity. Moreover, self-aggregation was also observed and for P. aeruginosa CFII was more than 20%.
All of the strains were able to adhere to polystyrene after 30 minutes contact, almost all of them (excluding P. cedrina DSM17516)
indicated a moderate adhesion already after four hours of incubation. These results indicate that environmental Pseudomonas strains
possess strong hydrophobic and adhesive properties, that may results in a colonization of abiotic surfaces.
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1. Introduction
also from the production line due to itsimproper disinfec-

tion and cross-contaminations. Those irregularities may

Cosmetics may be the source of microorganisms, both
pathogenic and non-pathogenic. Apart from the secondary
contamination in the course of usage, microbial contamina-
tion may take also place during the production processes.
Microorganisms may be introduced withraw materials and

lead to biodeterioration of products, revealing a change
of pH, color, smell, consistency, viscosity, phase separation
and gasification (Garbolinska, 2010).

Pseudomonas sp. is a group of Gram-negative bacte-
ria, frequently causing nosocomial infections of patients
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with reduced immunity. P. aeruginosa belonging to this
group is one of the common species associated with infec-
tions and are usually very tough to eradicate. Among many
virulence factors of P. aeruginosa the ones connected with
the process of adhesion and biofilm formation (capabil-
ity of aggregation, cell hydrophobicity, rhamnolipid and
EPS production, motility etc.) can be (Briendstien et al.,
2011). The ability of colonization of abiotic surfaces by P.
aeruginosa polymer materials was reported by Zabielska
et al. (2015) and the biofilm formed reached more than 6
log CFU/cm?after 24 hours of incubation. Once the biofilm
is developed, its removing is much more complicated due
to numerous mechanisms such as the presence of matrix
or “super resistant” cells — metabolically inactive, grown
in the nutrition and oxygen deficiency (Matusiak, 2014).

The purpose of this study was to identify microorgan-
isms isolated from a cosmetic product and a cationic sur-
factant used as a cosmetic ingredient and determine their
hydrophobic, aggregative and adhesive properties, crucial
for the biofilm development.

2. Material and methods
2.1.Microorganisms

A total of seven strains were isolated: three P. aeruginosa
(CFII, CFIVa, CFV) from a body balm and four belonging
to P. cedrina (DH1, DH2, DN3, DH4) from cetyltrimethyl
ammonium chloride, a commercial cationic surfactant used
as a cosmetic ingredient. One ml of appropriate product
was diluted in 10 ml of saline solution with Tween 80 to
neutralize the sample. One ml of each sample was spread
on cetrimide agar (BTL, Poland) to allow Pseudomonas
sp. growth. Strains were initially identified by biochemi-
cal tests - API 20E (bioMéricux, France). Additionally, two
reference strains were used — P. aeruginosa ATCC15442
(American Type Culture Collection) and P cedrina
DSM17516 (Deutsche Sammlung von Mikroorganismen).
Bacteria were activated in TSB (Merck, Germany) for 24
hours at 30°C. For phylogenetic analysis the sequences
of the following reference strains were used: P. cedrina
C37, G25, CI-10 originated from milk and clausen (CI-10);
P. aeruginosa ZM130, KUJM, FQIII originated respective-
ly from textile wastewater, Kalyani sewage treatment plant
and sputum.

2.2. Identification of bacterial strains

Bacterial strains were identified based on 16S rRNA gene
sequencing. Briefly, genomic DNA was extracted employ-
ing the Genomic Mini Kit (A&A Biotechnology, Poland),
according to manufacturer’s protocol. 16S rRNA gene
was amplified with universal primers 27f (5’-AGAGTTT-

GATCCTGGCTCAG-3") and 1492r (5’-GGTTACCTT-
GTTACGACTT-3"). PCR reactions were performed using
1.5 U RedTagReadyMix DNA polymerase (Sigma-Al-
drich, USA), 0.4 pL of each primer solution (100uM) and
1 pL of template DNA (50 ng/pL) in the MJ Mini Gra-
dient Thermal Cycler (Bio-Rad, USA). The amplification
parameters were used as previously described Kregiel et al.
(2014). The PCR fragments were purified using Clean Up
Mini Kit (A&A Biotechnology, Poland). The 16S rRNA
sequences were obtained using the BigDye Terminator
Ready Reaction Cycle Sequencing Kit (Applied Biosys-
tems, USA) and analyzed with the Applied Biosystems
model 3730 Genetic Analyzer (Genomed S.A., Poland).
The nucleotide sequences of 16S rRNA were proofread,
assembled and compared with sequences available in The
National Center for Biotechnology Information (NCBI) us-
ing basic local alignment search tool BLAST 2.6.0 (Zhang
et al., 2010). The nucleotide sequences of 16S rRNA gene
were deposited in GenBank of the NCBI under the fol-
lowing accession numbers: KY045833-KY045836 (P. ce-
drina) and KY045837-KY 045839 (P. aeruginosa).

2.3. Phylogenetic analysis

The phylogenetic tree was constructed by neighbor-joining
method using the MEGA?7 software (Saitou & Nei, 1987,
Kumar et al., 2016). The evolutionary distances were com-
puted using the Maximum Composite Likelihood method
and are in the units of the number of base substitutions
per site (Tamura et al., 2004). The analysis involved 13
nucleotide sequences of 16S rRNA genes from the NCBI
database. All positions containing gaps and missing data
were eliminated. There was a total of 1384 positions in
the final dataset.

2.4. Aggregation test

Aggregation of strains was evaluated by the method pro-
posed by Del Re et al. (2000). Bacteria were grown in TSB
(Merck, Germany) for 24 hours at 30°C. Two ml of the
culture was centrifuged for 10 minutes (5000 rpm). The
precipitate was suspended in two ml of 10 uM PBS buffer
and the absorbance at the wavelength 600 nm was meas-
ured (A). Subsequently, the suspension was incubated for
two hours at 30°C and the absorbance of the upper layer
was measured (A ). Aggregation was calculated according
to the formula:

A
X 100

Aggregation (%)=
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2.5. Hydrophobicity — MATH and SAT assay

Hydrophobic properties of the cell surface were deter-
mined by two different methods SAT (Salt Aggregation
Test) and MATH (Microbial Adhesion to Hydrocarbon).

In the SAT method, activated bacteria were inoculat-
ed on TSA (Merck, Germany) and incubated for 24 hours
at 30°C. After that, bacteria inoculum in 2 uM phosphate
buffer saline (PBS, Merck, Germany) was prepared (ap-
prox. 2° in McFarland scale) and mixed with ammonium
sulfate of different molarity (from 0.1 to 4) in a ratio 1:1.
The control included bacteria inoculum in PBS buffer. Af-
ter 15-20 minutes, the aggregates formation was evalu-
ated by macroscopic observations and classified according
to the scale proposed by Nwanyanwu and Abu (2013), in
which strains were divided into three categories: of high
hydrophobicity (<1.0 M), of moderate hydrophobicity
(1.0-2.0 M) and of low hydrophobicity (>2.0 M).

In the MATH assay with some modifications (Rosen-
berg, 1984), bacteria were activated on TSA slants (in-
cubation 24 hours, 30°C). Then, inoculum (A,) was pre-
pared either in 10 pM phosphate buffer saline (PBS), or in
phosphate urea magnesium sulfate buffer (PUM, Merck,
Germany). Two and half ml of inoculum was mixed with
half ml of p-xylene and incubated for 10 minutes at 37°C.
Thereafter, samples were homogenized and incubated once
again for 45 minutes. The samples were allowed to be sep-
arated into two phases (aqueous and hydrocarbon). The
aqueous phase (A,) was measured spectrophotometrically
at the wavelength 520 nm. The hydrophobicity index (per-
centage of cell adhesion to hydrocarbon) was calculated
upon the following formula:

A —A
A (%)= %x 100

1

The results were evaluated according to the scale (Kad-
am et al., 2009): strongly hydrophobic (>50%), moderate
hydrophobic (20-50%) and low hydrophobic (<20%).

2.6. Adhesion to polystyrene

Adhesion to polystyrene was carried out by the method
proposed by Stepanovic et al. (2000) with some modifica-
tions. Bacteria were cultivated in TSB (Merck, Germany)
for 24 hours at 30°C. 20 pl of bacteria was carried into
230 pl of TSB on 96-well microtitration plate. Plates were
incubated in different periods of time — for 0.5, 4 and 24
hours, then the content was poured out and wells were
rinsed with sterile water. The plates were dried and adhered
bacteria cells were fixed with 96% ethanol for 20-30 min-
utes. Afterwards, ethanol was removed and bacteria were
stained with 0.5% crystal violet. The dye was removed and

the plates were again rinsed with water. After drying, each
well was decolorized with 96% ethanol and the absorb-
ance was measured (A=570 nm). The blank sample was
the growth medium.

2.7. Statistical analysis

The tests were conducted in triplicate and SD (standard
deviation) was calculated using ORIGIN LAB 6.1 version
(Northampton, USA). The correlation between buffers
used in MATH method was evaluated by Pearson’s coef-
ficient analysis.

3. Results and discussion

Seven strains belonging to Pseudomonas species were iso-
lated from the body balm and the cosmetic preservative.
Genetic identification based on 16S rRNA gene sequenc-
ing showed that three strains (CFII, CFIVa and CFV) are
classified as P. aeruginosa and four (DH1, DH2, DH3 and
DH4) as P. cedrina. Phylogenetic analysis, presented in
the Figure 1, showed a 100% similarity to the type strains.

The presence of unfavorable microflorawas described
also by Campana et al. (2006). They investigated 91 com-
mercial cosmetics and opportunistic strains such as Pseu-
domonas putida and Staphylococcus aureus were found in
some samples. According to the different source - RAPEX
data for non-food products in the EU, only in the last dec-
ade over 100 cases of microbiological contaminations were
noted, including the presence of opportunistic pathogens
such as P, aeruginosa, Burkholderia cepacia and S. aureus.
Also Birketsoz et al. (2013) indicated the contamination
of P. aeruginosa, P. putida and Pseudomonas fluorescens
in commercial, unopened cosmetic products.

In the course of the study aggregative, adhesive and
hydrophobic properties of the identified Pseudomonas sp.
strains were assessed. Aggregation and hydrophobic abili-
ties expressed by Pseudomonas strains were presented in
Table 1. and Figure 2. The highest values of aggregation
was presented by environmental P. aeruginosa strain CFII
and it reached 20.74%. The aggregation of the majority
of strains fluctuated from 9 to 13%. The least aggregative
strain was the reference strain P. aeruginosa ATCC15442
(4.82%). Aggregation of different pathogens such as Sal-
monella typhimurium, Listeria monocytogenes, Staphylo-
coccus aureus and Shigella boydii was described by Xu
et al. (2010). The values obtained by Xu et al. (l.c.) were
similar and oscillated from 5 to 23% for bacteria in PBS
buffer, however after addition of NaCl in different con-
centration aggregation were much higher. The aggrega-
tion is connected with cell-to-cell binding and as it was
showed, environmental conditions have a great influence
on it.
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Figure 1. Phylogenetic tree of Pseudomonas sp. cosmetic contaminant: P. aeruginosa CFIl, CFIVa, CFV isolated from a body balm;
P. cedrina DH1, DH2, DN3, DH4 isolated from cetyltrimethyl ammonium chloride; P. cedrina C37, G25, CI-10 origi-
nated from milk and clausen (CI-10); P. aeruginosa ZM130, KUJM, FQIII originated respectively from textile wastewater,

Kalyani sewage treatment plant and sputum

Hydrophobicity of isolated bacteria was determined
by two methods. The first one — Salt Aggregation Test
— indicated that all of the strains were high or moderate
hydrophobes. In comparison to environmental isolates,
reference strains were less hydrophobic (Table 1). The
same method was used by Wolska et al. (2002) for clini-
cal strains of P. aeruginosa. More than half of the tested
bacteria expressed strong hydrophobic properties. Result
of Pseudomonas sp. hydrophobicity using MATH method
were presented in Figure 2. P. cedrina was characterized by
the highest hydrophobicity index, which reached respec-
tively 88.74% in PBS buffer and 89.62% in PUM buffer,
and was classified as strongly hydrophobic. P. aeruginosa
isolates (CF) expressed also a strong hydrophobicity with
index values oscillated between 60-80%. The lowest index
values were obtained for P. cedrina strains (DH 1-4) and
for the reference strain P. aeruginosa ATCC15442, what
classified them as moderate hydrophobes.

Moreover, the degree of hydrophobicity evaluated by
Pearson’s coefficient analysis showed strong correlation

Table 1. Pseudomonas sp. strains aggregation and degree of cell
surface hydrophobicity assessed by *SAT method

. . Aggregation Hydropho-
Microorganism (%) bicity*
DSM17516 11.57+3.64 moderate
DHI1 11.80+3.43 high
Pseudomonas
cedrina DH2 10.50+4.11 moderate
DH3 9.43+0.86 high
DH4 10.58+1.47 high
ATCC15442 4.82+0.11 moderate
Pseudomonas CFIlI 20.74+1.66 high
aeruginosa | CFya 12.94+0.47 high
CFV 11.00+1.87 moderate
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between both buffers tested. Norouzi et al. (2010) also pre-
sented data regarding P. aeruginosa strains hydrophobicity
assessed by the MATH method and the majority of strains
demonstrated moderate hydrophobic properties. Research
conducted by Kadam et al. (2009) on environmental strains
P aeruginosa and P. fluorescens indicated that both strains
are moderate hydrophobic in PBS buffer (28.8% and 36.4%
respectively) and low hydrophobic in PUM buffer (18% and
15.2% respectively). Tyfa et al. (2015) tested Gram-positive
Alicyclobacillus sp. using the same method and almost all
of them were strong hydrophobes in PUM buffer and ma-
jority of strains were moderate hydrophobes in PBS buffer.

100

The crystal violet binding method was used to assess
Pseudomonas sp. strains capability of adhering to polysty-
rene and creating biofilm, thus to evaluate their adhesive
properties (Fig. 3). All of the strains were able to adhere to
the polystyrene surface after 0.5 hour contact and the high-
est absorbance values were reached for P. cedrina isolates
(DH1-4). After 4 hours of contact for almost all strains
absorbance ranged from 0.12 to 0.22 (excluding P. cedrina
DSM17516), which indicated on their moderate adherence.
24-hour incubation showed that strains P. cedrina: DH3,
DHI1 and P. aeruginosa ATCC15442 expressed a great ad-
hesion. For P. cedrina DSM17516 reference strain the ab-
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Figure 2. Pseudomonas sp. cosmetic contaminants hydrophobicity index estimated by the MATH test in PBS and PUMbuffers, clas-
sified as: S — strongly hydrophobic, M — moderate hydrophobic and L — low hydrophobic
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Figure 3. Pseudomonas sp. cosmetic contaminants adhesion to polystyrene within 0.5-24 hours of incubation
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sorbance reached 0.097 which indicated on weak adhesion.
The rest of strains expressed moderate adhesion. Similar re-
sults to P. cedrina DMS17516 was reported by Sedlackova
et al. (2011) for Pseudomonas fluorescens reaching after
0.5 hour incubation the absorbance equal 0.087.

All in all, cosmetics can be the source of opportunistic
pathogens which pose a health threat to humans with im-
paired immune system. In pursuance of the ISO standard
(PN-EN ISO 17516: 2014-11), the presence of microbes
such as P. aeruginosa, S. aureus and Candida albicans is
not allowed in one gram of the cosmetic product, however
these microorganisms are often found in cosmetics or their
ingredients, which was proved in this report. What is more,
such bacteria often present a great hydrophobic and adhe-
sive properties which can lead to colonization of abiotic
surfaces and biofilms creation.
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