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Abstract Ninety-six used personal care and topical OTC
drug items collected from consumers in the USA were
examined for the presence of microbial contaminants. Of
the eye and face product type containing global preserva-
tive chemistries (i.e., acceptable for use in Japan without
major restrictions), 55% yielded numbers of microorgan-
isms in excess of 500 CFU/g (P < 0.1814). For the mascara
products with global preservative chemistries, 79% yielded
numbers of microorganisms in excess of 500 CFU/g
(P < 0.024). Products containing global preservative chem-
istries accounted for 88% (n = 14) of the products that had
microbial contents above 104 CFU/g (P < 0.001). Promi-
nent contaminants were species of Staphylococcus, Pseudo-
monas, Klebsiella, Streptococcus, Lactobacillus, Bacillus,
Corynebacterium, and yeast. In general, under the stress of
consumer use, products preserved with global preservative
chemistries did not maintain as adequate preservation as
products with non-global preservatives.

Keywords Preservatives · Microbial contamination · 
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Introduction

Cosmetic and over-the-counter (OTC) drug products that
are applied to the facial area may be considered “high con-
sequence” products because, with repeated use, they are
subject to microbial contamination that may result in a
potential adverse health eVect for the user [16]. Water is a
common ingredient of cosmetic and topical drug formula-
tions and water often enters anhydrous products during
consumer use [5]. The presence of water provides a condi-
tion for the growth of bacteria and fungi [2]. To prevent
microbial spoilage during production and the intended use
period for the product by the consumer, manufacturers add
chemical preservatives. Preservatives need to target not
only Gram positive and Gram negative bacteria but the
eukaryotic fungi as well. The choice of preservatives is a
concern because compounds that target eukaryotic fungi
are anticipated to have a higher probability of invoking
toxic or hypersensitivity reactions in humans than those
that target prokaryotic bacteria [11]. The preservatives typi-
cally are used at very low levels, i.e., less than 1% of the
formulation, and are targeted at species such as Escherichia
coli, Klebsiella spp., Pseudomonas spp., Staphylococcus
spp., Serratia spp., and Aspergillus niger [3].

Cosmetics, as manufactured, are not sterile and are
released for marketing according to internal release criteria
based on guidelines from the Cosmetic, Toiletry and Fra-
grance Association (CTFA; i.e., no more than 500 cfu/g or
ml for eye area products and no more than 1,000/g for other
products) [6]. The CTFA recommended a microbial limit of
<500 cfu/g for Gram positive bacteria as acceptable for the
release of eye area type cosmetics into market, however
many manufacturers have lower more stringent release cri-
teria. Gram negative bacteria, at any level, are to be
avoided according to the CTFA guidelines. The CTFA has
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no microbiology guidelines for used products. The FDA
cosmetic compliance program uses the 500 cfu/g mark as a
Xag to initiate identiWcation of Gram positive contaminants
in cosmetics collected during investigations. All Gram neg-
ative contaminants are selected for identiWcation [10, 12].
The FDA has no set density levels for Gram negatives rela-
tive to product release and no microbial limit values for
used products. The Agency does require that formulations
pass a valid Preservative EYcacy Test (PET) prior to mar-
keting, and that marketed products comply with the FD&C
Act in that they are safe for the consumer during reasonable
use [9, 17]. The PET not only is a FDA requirement but a
scientiWc means of approximating the microbial insults from
a consumer and validating the preservative system [4, 8].

The United States, the European Union (EU), and most
countries, some with restrictive labeling, allow the use of
most of the common preservatives [7, 14]. The EU, Japan,
and the Unites States have codiWed laws regarding the
allowance/disallowance of cosmetic products formulated
with speciWc preservative chemistries in addition to speciWc
labeling requirements. The laws regarding cosmetics in the
United States include a negative list of what preservatives
are disallowed, and the laws regarding cosmetics in the EU
and Japan include positive lists of what preservatives are
permitted. The EU has an additional labeling requirement
stating the PAO (period after opening) in number of months
the cosmetic can be used [15]. Whereas Japan, which has
major concerns for possible toxicity reactions, has in gen-
eral a more restrictive regulatory program. Preservative
chemistries permitted in all countries are referred to as glo-
bal preservatives, and those without universal acceptance
are nonglobal preservatives. Thus the term “global preser-
vatives” generally has become deWned as a preservative
that is accepted in Japan. For example, the Japanese gov-
ernment prohibited the import of all cosmetic products con-
taining formalin-donor preservatives into Japan until 2001.
In 2001 the use of imidazolidinyl urea and dim-
ethyldimethylolhydantoin (DMDM) formalin donors were
approved for “rinse-oV” cosmetics only, with restrictions

not to exceed a low use level of 0.3% [14]. This regulatory
action improved the preservation options for rinse-oV prod-
ucts in the hair care industry because these formalin donors
can be used in lower concentrations in some surfactant
based hair care formulations. However, high consequence
“leave-on” products (i.e., not rinsed oV after application) in
the skin care industry generally required higher levels of
these formalin donors to achieve eYcacious preservative
levels. Table 1 lists some examples of common preserva-
tives and their permitted uses. This study compares the den-
sities of culturable aerobic microorganisms of used
cosmetic products containing global (GPC) and non-global
(NPC) preservative chemistries in high consequence
“leave-on” products.

Materials and methods

Ninety-six in-use high consequence personal care and topi-
cal over-the-counter (OTC) drug items were donated from
consumers. No demographic information on the consumer
or use of the product was obtained. Only items in visually
good physical condition were studied. The global or non-
global regulatory status of the products, i.e., their preserva-
tives, was determined by the preservative chemistry as dis-
closed on their label panels. All high consequence products
in the study were leave-on products. Of the 96 products
obtained, 53 were NPC and 43 were GPC. Sixty-eight were
categorized as eye and face type products, 24 as mascara
type products, 15 were OTC drug products, and four were
hand type products. Samples originated from Georgia,
Oklahoma, California, New York, North Carolina, Colo-
rado, Florida, and Maryland. Product name, product type,
size, manufacturer, preservatives, and drug status informa-
tion were documented. The preservative chemistries were
obtained from the ingredient disclosure on the packaging,
or, if that was not available, the ingredients were researched
in retail stores and the ingredients identiWed from on the
shelf products. Samples (collected during the period 2005–

Table 1 Frequently used pre-
servatives sorted by their regula-
tory status

Globally (Japan) (GPC) approved 
w/o application restrictions (leave-on products)

Not globally (Japan) (NPC) approved 
w/o application restrictions

Esters of p-hydroxybenzoic acid (parabens) DMDM hydantoin

Sorbic acid Imidazolidinyl urea

Benzoic acid Diazolidinyl urea

Benzyl alcohol Sodium hydroxymethylglycinate

Phenoxyethanol Methylchloroisothiazolinone/Methylisothiazolinone

Benzalkonium chloride Quaternium 15

Triclosan Iodopropynylbutylcarbamate

Chlorphenesine

Dehydroacetic acid

Chlorhexidine digluconate

Individual countries may diVer 
in their labeling requirement for 
certain preservatives
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2006) were kept under refrigeration until testing, and were
tested within 1 week after receipt.

Samples were diluted 1/10 (either 1 g, or the preferred
10 g of product, depending on remaining sample contents) in
a Wlter-sterilized sodium pyrophosphate buVer (0.1%,
pH = 7.0) containing 0.1% sodium thioglycollate and 0.5%
polysorbate 80. Products whose packaging contained appli-
cation tools were sampled using the tool to obtain material,
e.g., mascara wands, blush applicators. For enumeration and
recovery of microorganisms we used the 5-point Most Prob-
able Number (MPN) method. From the 1/10 diluted sam-
ples, 1 mL of each diluted sample was used in the Wrst set of
MPN tubes with 1/2 strength Tryptic Soy Broth (Becton,
Dickinson and Co., Sparks, MD). A volume of 0.1 ml from
the last MPN tube, which most likely contained the domi-
nant culturable microorganism, was spread-plated onto
Tryptic Soy Agar. The plates were incubated at 30°C for at
least Wve days and cfu recorded. Basic identiWcations from
isolated colonies were performed with BiologTM. Additional
screening of the samples was conducted as required on
selective and diVerential media including: Mannitol Salt
Agar, Pseudomonas Isolation Agar and Malt Agar (Becton,
Dickinson and Co., Sparks, MD), and CHROMagar ECC
(CHROMagar, Paris, France). Data were analyzed using a
one-sided Fisher’s exact test for statistical independence [1].

Results

The overall incidences and density ranges of microorganisms
in the in-use products are presented in Table 2. Sixty-three
percent of the cosmetics with GPC yielded cfu in excess of
500/g, whereas only 36% of NPC yielded these levels

(P < 0.0075). Of the products in excess of 104 cfu/g, the
greater susceptibility to contamination of GPC (88%) com-
pared to NPC (12%) was statistically evident (P < 0.001).

Subcategory analyses of eye and face products and mas-
caras among in-use cosmetics are given in Table 3. Eye and
face products constituted 72% (13 of 18) of all the com-
bined samples that yielded cfu above 104/g with samples
with GPC (12 of 18) at a signiWcantly higher incidence than
NPC (P < 0.001). Mascaras with GPC showed a signiW-
cantly higher incidence of samples with CFU between 102–
103 cfu/g compared to NPC (P = 0.0244). A subcategory
for the four hand products was not created because of the
small sample size.

The incidence of the most common microorganisms
among the in-use products is indicated in Table 4. In gen-
eral, Staphylococcus spp., mainly S. aureus, were the most
common contaminants identiWed from all samples, but den-
sities in most positive samples, particularly NGC, were less
than 5 £ 102 cfu/g.

There were 28 samples that did not yield culturable
microorganisms. In the subset of these 28 samples, there was
no signiWcant diVerence between GPC samples and the NPC
samples (P = 0.18) regarding the detection of organisms.

Discussion

Preserving cosmetic and topical drug products is a compli-
cated process where formulators must account for the sum
of microbiological adversities from raw materials, manu-
facturing, packaging, and consumers [11]. Cosmetic prod-
ucts must be safe for use by the consumer while produced

Table 2 Incidence and densities of recoverable aerobic cultures of
bacteria and fungi from in-use cosmetics and over-the-counter drugs
(OTC) with GPC and NPC

a All OTC drugs had GPC

CFU/g GPC NPC OTC drugsa

<5 £ 102 16/43 (37%) 34/53 (64%) 8/15 (53%)

5 £ 102–103 11/43 (26%) 17/53 (32%) 7/15 (47%)

>104 16/43 (37%) 2/53 (4%) 0

Total 43/43 (100%) 53/53 (100%) 15/15 (100%)

Table 3 Incidence and densi-
ties of aerobic bacteria and fungi 
in in-use eye and face products 
and mascaras

CFU/g Face and eye area Mascara

GPCa NPCa GPCa NPCa

<5 £ 102 13/29 (45%) 23/39 (59%) 3/14 (21%) 7/10 (70%)

5 £ 102–103 4/29 (14%) 15/39 (38%) 7/14 (50%) 2/10 (20%)

>104 12/29 (41%) 1/39 (3%) 4/14 (29%) 1/10 (10%)

Total 29 39 14 10

a Global preservative chemis-
tries and non-global preservative 
chemistries, respectively

Table 4 Incidence of more common genera of microorganisms from
in-use cosmetics

No. samples positive (no. samples with densities >106). IdentiWcations
were not undertaken with most samples with less than 2.5 £ 102/g,
unless Gram-negatives species were present

GPC NGC

Staphylococcus 5 17

Pseudomonas 4 (4) 1

Bacillus 6 (3) 2

Total samples 15 19
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economically by their manufacturers. One aspect of safety
consists of ensuring that products do not pose an undo risk
of microbial contamination while in-use by the consumer
[13]. There are no legal requirements from the FDA for the
release of Wnished cosmetics into commerce other than the
products be safe.

Our acceptance of products for this study was based
essentially on that they were in current use and they lacked
obvious visual evidence of adulteration. The limited
number of samples, necessary administrative constraints on
collection of demographic data, and lack of speciWc infor-
mation on the various formulations preclude our recom-
mendations for use of speciWc preservatives in any given
product.

Our data suggest that NPC, in regard to the risk of an
adverse event from microbial contamination, provide a
greater degree of safety than GPC, particularly with eye
area and facial area in-use cosmetics. In in-use cosmetics
using GPC, 63% had microbial contents >500 cfu/g
whereas 36% of the NPC had microbial densities
>500 cfu/g. The results of the comparison of the GPC
group and the NPC group found that there was a signiW-
cant diVerence between their microbial contents
(P < 0.0075). Products using GPC accounted for 88% of
the products that had microbial contents >10 E4 cfu/g
(P < 0.001). Although 28 samples containing GPC and
NPC did not yield culturable microorganisms, this study
compared the densities of culturable aerobic microorgan-
isms of used cosmetic products containing global (GPC)
and non-global (NPC) preservative chemistries in high
consequence “leave-on” products. We do not interpret our
data on the relatively high contaminant incidence of used
OTC drugs that they are inadequately preserved compared
to cosmetics. The degree of contamination of OTC prod-
ucts such as skin care creams may be related more to mode
of use and packaging.

Perceived (but still mostly unsubstantiated) health haz-
ards from preservative exposures have stimulated recent
pursuit by consumers and marketers for “natural” or preser-
vative-free personal care products. Our data suggest that the
less intensive GPC may not be as eYcacious as NPC in pre-
venting post marketing contamination events. Still, formu-
lations with either preservative system may become
contaminated with potentially harmful microorganisms
during the stress of consumer use. Both consumers and
manufacturers should be cautious in their adaptation to
environmentally friendly personal care products (particu-
larly those used in the eye area) that risks for infections are
not increased.
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