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Abstract

Purpose: To investigate the susceptibility of bacterial contaminants recovered from cosmetics to
preservatives and antibiotics.

Methods: Nine bacterial isolates recovered from various brands of commercially available cosmetics
marketed in Jordan were tested for their susceptibility pattern against two paraben esters and two
formaldehyde donors in addition to nine commonly used antibiotics. The biocidal effect for three
preservatives was tested at 0.2 % concentration while the fourth was determined at a strength of 0.3 %.
Antibiotic sensitivity test was carried out using standard disc diffusion method.

Results: Isolates of Pseudomonas aeruginosa exhibited high resistance pattern to most of the tested
preservatives and antibiotics; only one isolate was sensitive to imidazolidinyl urea while others were
resistant to the 4 preservatives tested. Each of these isolates exhibited resistance to at least 5
antibiotics. Other organisms, including Escherichia coli and Staphylococcus aureus, were resistant to
the class of preservatives used in the various formulations from which they were recovered and
demonstrated resistance to fewer antibiotics. Coagulase-negative staphylococci were the most sensitive
to both categories of antimicrobials used. One isolate was sensitive to all preservatives whereas the
same isolate was resistant to only co-trimoxazole. Ciprofloxacin and norfloxacin demonstrated the
highest in vitro antimicrobial effect against the contaminants investigated.

Conclusion: The bacterial contaminants of cosmetics exhibited variable cross resistance between
preservatives and antibiotics. This cross resistance was species- and even strain-specific.
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INTRODUCTION been adequately addressed is the susceptibility
of contaminants of cosmetic to preservatives and
The microbial contamination of cosmetic antibiotics. Flores et al [3] isolated several

products is of concern worldwide due to possible
negative consequences on the health of users
and on product integrity [1,2]. Preservatives are
usually added to deal with contaminants that may
inadvertently gain access into product during
manufacture or normal use by consumers. One
aspect of cosmetics microbiology that has not

bacterial species from contaminated cosmetics
and found that many of the isolates exhibited
resistance to more than one preservative
category; no correlation between preservatives
and antibiotic resistance was made. On the other
hand, Osungunna et al [4] indicated that bacterial
contaminants of cosmetics were resistant to
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many antibiotics, but again this resistance was
not correlated to that of preservatives.

In a few instances, bacterial cross resistance
between biocides and antibiotics were noted [5],
while in others, no direct link between biocide
exposure and antibiotic resistance could be
established [6]. It is important to note that most of
our knowledge regarding bacterial cross
resistance to various antimicrobial agents was
derived from studies conducted on antiseptics
and disinfectants. It is probable that susceptibility
pattern of cosmetic contaminants to various
antimicrobials may differ due to the use of
preservatives in small concentrations as
compared to those used in other products.

Cosmetics are used by healthy and unhealthy
individuals alike. If at the time of use, these
products are contaminated with multi-drug
resistant bacteria, then users particularly
"patients" could be exposed to microorganisms
that would be difficult to treat incase of infection
development. The objective of this work was to
determine the susceptibility of medically
significant bacterial contaminants of commercial
cosmetics to various preservatives and
antibiotics in order to recommend empirical
treatment for infections that might be caused by
cosmetic contaminants.

EXPERIMENTAL
Materials

A total of nine bacterial isolates recovered from
commercially available cosmetics by Abu Shagra
and Al-Groom [2] were chosen for this study
(Table 1). The only criterion followed for the
selection was the ability of the isolates to cause
human infections as derived from scientific
literature. Test organisms include 3 isolates of
Pseudomonas aeruginosa, two of E. coli, two of
S. aureus and two isolates of coagulase-
negative staphylococci. The identity of isolates
was confirmed using conventional tests and the
diagnostic tables given by Barrow & Feltham [7].
Tests performed for this purpose include; Gram
reaction, shape, carbohydrate utilization,
catalase production, oxidase test, Indole
production, methyl red, Voges Proskauer, nitrate
reduction,  starch hydrolysis,  tryptophan
hydrolysis, hydrogen sulfide production, and
citrate utilization.

Preparation of inocula
A cell suspension of each isolate was prepared

as follows: grown colonies on Soy Bean Casein
Digest (SBCD) agar for 24 hours at 35 °C were

harvested and suspended in sterile phosphate
buffer pH 7. The absorbance of this suspension
was adjusted spectrophotometrically at 625 nm
to match that of 0.5 McFarland standards using
similar buffer. This suspension contained 2 x10 8
CFU ml -1 as determined by spread plate
technique. Aliquots of 0.1 ml of this preparation
were used in the susceptibility testing of
preservatives.

Susceptibility to Preservatives

The set of preservatives investigated were
methyl paraben, propyl paraben, imidazolidinyl
urea and dimethyl dimethylol hydantoin (DMDM
hydantoin). The latter two compounds are
classified as formaldehyde donors and are easily
soluble in water whereas, the former two require
heating or the addition of chelating agent for
solubility. Each preservative was separately
added at the required concentration to a 300 ml
of SBCD broth supplemented with 0.2 %
propylene glycol to aid the solubility of parabens
particularly the propyl ester. The prepared lots
were heated to dissolve before 20 ml aliquots of
each broth were poured into 50 ml flasks. These
flasks were then autoclaved at 121 °C for 15 min.
The autoclaving process does not seem to affect
the stability of parabens [8]. For each test
organism, 0.1 ml of each prepared bacterial
suspension was used to inoculate a set of
triplicate flasks (prepared above) made for the
respective preservative under test. Each
inoculated flask was incubated at 35 °C for 48
hours, and then sampled by plating a loop full of
its content onto SBCD agar plates. Presence or
absence of bacterial growth on these plates after
24 hours of incubation at 35 °C was taken as a
criterion for establishing resistance or sensitivity
of the bacterial isolate to the preservative under
test.

Susceptibility to antibiotics

The antibiotic susceptibility pattern of each
isolate was performed using the disc diffusion
method as recommended by NCCLS standard
[9]. In brief, the test suspension prepared above
was used to inoculate Mueller-Hinton Agar plates
using sterile cotton-tipped swabs. Antibiotic discs
were placed and developed zones of inhibition
were recorded after 18 hours of plate's
incubation at 35 °C. Interpretation of
susceptibility test results was carried out
according to standard sensitivity tables by the
NCCLS. Isolates with zones of inhibitions that
came within the intermediate reading for a
particular antibiotic were considered as resistant.
All media used throughout this work were the
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products of Difco- USA. Antibiotic sensitivity
discs were obtained from Hi-Media, India.

RESULTS

The identified and characterized bacterial strains
from the commercial cosmetics are shown in
Table 1. Confirmed bacterial type, code number
assigned to each, source of isolation and
preservative type used as indicated on the label
of each container are also given in Table 1.

The biocidal activity of five commonly used
preservatives in cosmetics was established for all
isolates. Table 2 shows that two isolates of P.
aeruginosa were resistant to all preservatives
tested while the third isolate was resistant to 3
out of the four. The other bacteria varied in their
resistance, but it is clear that each isolate of S.
aureus and E. coli was resistant to 2
preservatives. Two isolates of E. coli were
derived from shampoo preparations with no

preservative type disclosed on the labels. The
isolates which exhibited least resistance to the
preservatives were the coagulase- negative
staphylococci (S3 and S4), the former was
resistant to one preservative while the latter was
resistant to none.

Antibiotic susceptibility pattern of the nine
isolates is shown in Table 3. It is evident that
each isolate of P. aeruginosa was more resistant
to the nine antibiotics employed than any other
isolate tested. The two isolates of coagulase-
negative staphylococci (S3 & S4) as well as E.
coli (E2) were the most susceptible as they
demonstrated resistance to 3 or less antibiotics.
The most effective antibiotics were ciprofloxacin
and norfloxacin then followed by ceftriaxone. The
highest rate of resistance among the isolates
studied was exhibited against Amoxicillin,
followed by tetracycline and then gentamycin;
these antibiotics were ineffective against at least
6 of the isolates (Table 3).

Table 1: Cosmetic sources of bacterial isolates and the preservatives declared on the label

Bacterial isolate Code no. Source of isolation Preservative

P. aeruginosa P1 Body lotion Parabens

P. aeruginosa P2 Hair repair emulsion Parabens

P. aeruginosa P3 Shampoo DMDM hydantoin
E. coli E1 Shampoo NI+

E. coli E2 Shampoo NI+

S. aureus S1 Hair conditioner Parabens

S. aureus S2 Hair styling gel Parabens
Staphylococcus sp* S3 Hair groom Parabens
Staphylococcus sp* S4 Hand cream Parabens

+ Not indicated; *coagulase negative staphylococci

Table 2: Biocidal effect of specific concentrations of preservatives on bacterial contaminants of

cosmetic products

Preservative Conc Biocidal effect of preservatives against contaminants
(%wlv)* P1 P2 P3 E1 E2 S1 S2 S3 S4
Methyl paraben 0.2 R R R S S S R S S
Propyl paraben 0.2 R R R S S S R R S
Imidazolidinyl urea 0.3 R S R R R R S S S
DMDM hydantoin 0.2 S R R R R R S S S
* Concentration (%) of each preservative used in the experiment
Table 3: Antibiotic sensitivity pattern of various antibiotics against their isolates
Antibiotic Conc (ug)* Bacterial isolates
P1 P2 P3 E1 E2 S1 S2 S3 S4
Amoxacillin 25 R R R R R R S R S
Tetracycline 30 R R R S R S R R S
Cotrimoxazol 25 R R R R S S S S R
Ciprofloxacin 5 S S S S S R S S S
Gentamycin 10 S R R R R R R S S
Norfloxacin 10 R S S S S S S S S
Nalidixic acid 30 R S R S S R S S S
Ceftriaxone 30 R S R S S S S S S
Tobramycin 10 R R S R S R R S S

* Concentration of antibiotic discs
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DISCUSSION

This investigation was performed to find out
whether the wide spread use of preservatives in
cosmetic preparations could have contributed in
the emergence of antibiotic-resistant bacteria.
Isolates tested in this investigation were
recovered from a variety of skin and hair
cosmetics at the point of sale. Therefore, these
contaminants must have been introduced into
these products during the manufacturing
process. Ferrarese et al [10] demonstrated that
bacteria recovered from the environment of a
cosmetic factory were resistant to several
preservatives. This resistance was comparable
to that exhibited by our contaminants. It is clear
from this table that all isolates of P. aeruginosa
were resistant to the preservatives more than the
other isolates. This observation is consistent with
the generally accepted literature.

Most of the cosmetic brands employed in the
investigation disclosed the use of parabens and
did not specify the type of ester(s) used. It is
evident from the results presented that isolates of
P. aeruginosa were resistant to methyl and
propyl paraben. This may suggest that either
both compounds were  employed as
preservatives or that the isolated strains
exhibited cross resistance against the two
paraben compounds; this would be probably the
case if a single preservative was used. If this
assumption is true, then it is likely that resistance
to one paraben ester could have conferred
resistance to the other. Bacterial cross resistance
between various paraben esters has long been
acknowledged [5,11,].

Each isolate was resistant to the preservative
used in the product from which it was isolated.
The two isolates of E. coli were derived from two
shampoo preparations with unknown
preservative type used in formulation. These
strains were resistant to both Imidazolidinyl urea
and DMDM hydantoin. If these products were
preserved with either of these compounds, then it
is evident that cross resistance between the two
formaldehyde donors had occurred; this cross
resistance is already known to occur [12].

Chapman [13] tested a collection of bacterial
isolates resistant to a variety of preservatives
and found that all isolates were resistant to
preservatives other than the selecting compound.
The same author indicated that pattern of cross
resistance to preservatives varied from one
organism to another. These findings are not too
different from ours, as the findings of the present
study suggest that resistance to preservatives
varied from one isolate to another and that

several isolates exhibited resistance to
preservatives other than the presumed selecting
one. It is worth noting that one S. aureus was
resistant to a formaldehyde donor while the other
was resistant to both paraben esters. Thus, it is
valid to conclude that preservative resistance
among cosmetic contaminants is strain-specific
and not even species-specific.

The observation that coagulase-negative
staphylococci (S4) was susceptible to all
preservatives is rather peculiar as one would
have expected this contaminant to be at least
resistant to preservative (s) used in the relevant
formulation. Abu Shagra and Al- Groom [2]
indicated that coagulase-negative staphylococci
and Micrococcus species were recovered only
from cosmetics that were heavily contaminated
with  mixed cultures. The same authors
suggested that survival and growth of these
organisms were probably contingent on the
presence of other microorganisms. In separate
experiments (unpublished data) we found when a
pure  culture of  coagulase- negative
staphylococci was inoculated into a partially
preserved hand lotion, all organisms were killed
in few hours but when they were inoculated as
part of a mixed culture they were found to
survive. This indicates that a form of synergistic
interaction takes place between the various
contaminants of cosmetics and this might explain
why S4 isolate was sensitive to all preservatives.

Antibiotic sensitivity testing indicated that isolates
of P. aeruginosa were the most resistant and the
high resistance is in agreement with most
published data particularly those reported in
medical practice [14,15]. The susceptibility
pattern of the coagulase- negative staphylococci
reported in this work is remarkably different than
those determined for similar isolates incriminated
as aetiologic agents of nosocomial infections
[16]. Lambert et al [17] indicated that the
selective pressure of antibiotic usage in hospitals
accounts for the increase in antibiotic —
preservatives resistance. The same author found
that this resistance was not quite marked among
environmental and industrial isolates. This could
be the reason for the variation in the antibiotic
susceptibility given in table 3 as all of our isolates
were primarily derived from industrial origin and
probably had no contact with antibiotics.

The only work that tested cosmetic contaminants
for their antibiotic sensitivity was published by
Osungunna et al [4]. These results presented by
these authors are in agreement with ours in
regard to the multi-drug resistance exhibited by
the 3 isolates of P. aeruginosa but differed in
case of the Staphylococcus aureus. In fact, 100
% of the isolates of Osungunna et al [4] were
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resistant to 54.5 % of the antibiotics used. In
contrast to our findings where multidrug
resistance was demonstrated in 77.8 % of the
isolates, 55.5 % of our isolates were resistant to
fewer antibiotics.

It is evident from this communication that a
certain degree of correlation between
preservatives and antibiotics resistance does
exist among cosmetic contaminants, this was
deduced from the resistance of two P.
aeruginosa isolates to all preservatives and to at
least 6 of the antibiotics tested. On the other
hand, isolate S4 was sensitive to all
preservatives and to 8 of 9 antibiotics employed
in the experiment. These observations indicated
that if infection develops due to the use of
contaminated cosmetics, empirical treatment
may not be very useful. In this situation, effective
treatment should be based on laboratory
determination of the antibiotic sensitivity of the
etiologic agent.

Limitation of the study

The phenomenon of cross resistance between
various antimicrobial agents was extensively
investigated between disinfectants  and
antibiotics but results, as yet, are not conclusive.
Cross resistance is seldom studied in bacterial
contaminants of cosmetics. In the present work,
several important issues were addressed but the
use of 9 cosmetic contaminants might not have
been enough for the derivation of comprehensive
conclusions. Future research in this field should
consider the use of a larger number of isolates.

CONCLUSION

Cross resistance among cosmetic contaminants
occurs particularly within members of the same
preservative category and to a lower extent
among unrelated compounds. Preservative
pressure in these products induced the
development of antibiotic resistant bacteria but
this resistance varies from one isolate to another.
The  fluoroquinolones,  ciprofloxacin  and
norfloxacin, may be used for the empiric
treatment of infections attributed to the use of
contaminated cosmetics pending availability of
laboratory test results.
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