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Abstract: In this study, microbial content and preservative efficacy of various cosmetic products, which are produced
and sold in markets of our country, were investigated. Microbial content and preservative efficacies of products were
investigated according to United States Pharmacopeia (USP) method. Microorganism counts of out 14 of 93 cosmetic
products were recovered in the range between 1.5 x 10%-5.5 x 10° cfu/ml. Staphylococcus aureus was the most common
contaminant identified in samples (from six different products) and was followed by Burkholderia cepacia (from four
different products). Gram negative organisms, including Pseudomonas aeruginosa and a yeast Candida krusei, were also
isolated from samples. Escherichia coli and Salmonella sp. were not recovered from any of samples. Preservative
efficacies of fourteen out of ninety-three products did not meet the general efficacy of antimicrobial preservation criteria
of the USP. Among these fourteen products, degradation and color change by Aspergillus niger was observed in one of
samples. According to results, it was observed that pathogen and potential pathogen microorganisms can be found in
unused cosmetic products and also preservatives may be ineffective in preventing them. Thus, in order to prevent the
contamination that can occur during production, manufacturers are required to manufacture products in compliance with
wholesome manufacturing practices and, considering consumer health, it is necessary to add an effective preservative as

determined by regulations.
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INTRODUCTION

The field of cosmetics and microbiology had not come
into contact much before the 1930s and cosmetic
microbiology became more important in 1940s (Curry et
al., 2006). The first contamination of cosmetics was
reported in 1946 by several cases of neonatal death from
talcum powder containing Clostridium tetani (Baird,
1998). Since 1960s, opportunist organisms, such as
Klebsiella  pneumoniae, Pseudomonas aeruginosa,
Pseudomonas sp., Serratia sp. and Enterobacter sp., have
been isolated from cosmetic products to a certain extent
(Baird, 1998; Geis, 2006).

Cosmetic products are not accepted to be sterile but they
must be free of pathogenic microorganisms (like
Staphylococcus aureus, Escherichia coli, P. aeruginosa)
and the total aerobic microbial count must be low
(Steinberg, 2006; USP, 2003). The presence of pathogenic
organisms and high levels of microorganisms in cosmetic
products can cause spoilage (physical deterioration of the
product) and can be a health hazard for consumers
(Behravan et al., 2005; Campana et al., 2006). Cosmetic
products, used in our country, are occasionally found to
be contaminated and they have been reported at times. For
example, Carik¢1 ef al. studied 127 used and unused
cosmetic products and they reported P. aeruginosa, K.
pneumoniae, Pseudomonas putida etc. in unused samples
and Boynukara et al. isolated Aspergillus niger from an
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imported commercial skin cream (Carik¢i et al., 2008,
Boynukara et al, 2002). As shown, microbial
contamination is still one of the major causes for product
recalls. Therefore, it is important to improve the
preservative system in order to prevent the growth of
contaminating microorganisms during manufacturing,
storage and use by consumers (Farrington et al., 1994).
According to Cosmetic Regulations in our country
applied to these marketed products, safety evaluations
have to be made by manufacturing companies for
consumer’s health.

To this end, microbial content (the type and incidence of
microorganisms) and the antimicrobial preservation
efficacy of wvarious cosmetic products, which are
manufactured and sold in markets of our country, were
investigated in our study.

MATERIALS AND METHODS

Cosmetic Products

Ninety-three commercially available cosmetic products (6
shampoos, 5 shower gels, 10 shaving products, 7
moisturizing products, 9 depilatories, 5 liquid soaps, 5
antiperspirants, 7 baby care products, 7 face care
products, 11 make-up removers, 4 mouthwashes, 6
toothpastes, 5 sunscreen creams and 2 feminine
deodorants) were collected and employed in the study.
Samples were bought from markets and analyzed as soon
as possible upon their arrival.
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Microbiological analysis

All the collected cosmetic products were analyzed to
detect the presence of total bacterial and fungal count.
The microbial species  Staphylococcus — aureus,
Pseudomonas  aeruginosa,  Escherichia coli and
Salmonella sp. were investigated, as suggested in United
States Pharmacopeia (USP, 2003). Each sample was
weighed aseptically and diluted in pH 7 phosphate buffer,
Tryptic Soy Broth (Difco) and Fluid Lactose Medium
(Difco). Serial dilutions of the samples were homogenized
in phosphate buffer and spread on duplicate Tryptic Soy
Agar (Difco) and Sabouraud Dextrose Agar (Difco).
Plates were incubated at 37°C 48h and 25°C 5-7 days. At
the end of the incubation, emergent colonies were counted
and the numbers of colony forming units (CFU/ml) were
determined. Tryptic Soy Broth and Fluid Lactose Medium
were incubated at 37° C 24h. After incubation, samples
were spread on Mannitol Salt Agar (Oxoid), Baird-Parker
Agar (Difco), Cetrimide Agar (Difco), MacConkey Agar
(Difco), Eozine Methylene Blue Agar (Difco), Fluid
Tetrathionate ~ Medium  (Difco),  Xylose-Lysine-
Deoxycholate Agar (Difco) and Bismuth Sulfite Agar
(Difco) to determine the presence of specific
microorganisms according to pharmacopeia. Plates were
incubated at 37°C and identification was performed after
microscopic examination and biochemical identification.

Challenge test for preservative efficacy

The efficacy of antimicrobial preservation of cosmetic
products was investigated as suggested by USP. P.
aeruginosa ATCC 9027, E. coli ATCC 8739, S. aureus
ATCC 6538, Candida albicans ATCC 10231 and
Aspergillus niger ATCC 16404 were used in this study.
Freshly grown bacteria and yeast were harvested in sterile
tryptone sodium chloride and prepared with 1x10® cfu/ml
inoculums (measured by spectrophotometer). The mold
was harvested with sterile saline (was added Tween80)
with the adjusted spore count of 1x10® cfu/ml. Each
sample weighed 50 grams in aseptic state and was

inoculated respectively with 0.5 ml of each inoculum
suspensions. All inoculated samples were shaken and
incubated at 25°C for 28 days. Two gram aseptic samples
were removed on days 0, 14 and 28 to the neutralizing
medium. Numbers of viable microorganisms, in the
inoculum suspension, were determined by the plate count.
Dey-Engley Neutralizing Agar (Difco) and SDA were
used on bacteria, yeast and mould, respectively. Plates
were incubated at 37°C 24-48h and 25°C for 5 days. At
the end of the incubation period, the number of colonies
was recorded for each plate and counts were expressed as
colony forming units per gram (cfu/g) were determined.
The acceptance criteria for bacteria was at least the
second logarithmic reduction from initial count and no
increase from the 14 days count at 28 days and for yeast
and mold and no increase from the initial count at 14 and
28 days (USP, 2003).

STATISTICAL ANALYSES

Chi-square goodness of fit test was performed to evaluate
the statistical significance in bacterial growth reduction
by the challenge tests used.

RESULTS

Micraobiological analysis

The microbiological contamination in 93 cosmetic
products was evaluated. Microbial counts and isolates
recovered from several cosmetic products were
summarized in table 1. As shown, no contamination was
observed in shampoos, shower gels, liquid soaps,
antiperspirants, baby care products, mouthwashes,
sunscreen creams and women’s deodorants. 20% of
shaving products (2/10), 57.1% of moisturizing products
(4/7), 42.8% of face care products (3/7), 11.1% of
depilatories (1/9), 9.09% of make-up removers (1/11) and
50% of toothpastes (3/6) yielded contaminated results.
The counts of products from which microorganisms were

Table 1: Contaminated samples, total microbial counts and isolated species

Product Type Counts (cfu/ml) Isolated Microorganism(s)
Shaving cream <1 x 10" S. aureus
Shaving cream <1 x 10’ S. aureus
Moisturizing cream <1 x 10’ S. aureus
Moisturizing cream 7.88 x 10° Alcaligenes xylosoxyidas, Burkholderia cepacia
Moisturizing cream 1.4 x 10° Stenotrophomonas maltophilia, Pseudomonas putida
Moisturizing cream 55x10° Candida krusei
Face care cream <1 x 10 S. aureus
Face care cream 2.3 x 10" Citrobacter freundii, B. cepacia, Burkholderia gladioli
Face care cream 1.18 x 10° S. aureus, Enterobacter cloacae, B.cepacia, Raoultella planticola,
Depilatory cream <1 x 10’ S. aureus
Eye make-up remover 1.5 x 10 Gram positive bacilli
Toothpaste 3.56 x 10° Pseudomonas aeruginosa, B.cepacia
Toothpaste 4.56 x 10* Pseudomonas fluorescens, S. maltophilia, Aeromonas sp
Toothpaste 6.8 x 10° Gram positive bacilli
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recovered ranged between 1.5 x 10%-5.5 x 10° cfu/ml. The
highest bacterial contamination (1.4 x 10> cfu/ml) was
observed in a moisturizing product and the lowest (1.5 %
10% cfu/ml) in an eye make-up remover. S.aureus was the
most frequently isolated contaminant from products. It
was isolated from two shaving creams, one moisturizing
cream, two face care creams, and one depilatory cream.
Burkholderia cepacia was isolated from one moisturizing
cream, two face care creams and one toothpaste. Gram
negative organisms, including P. aeruginosa, and a yeast,
Candida krusei, were isolated from samples as well. E.
coli and Salmonella sp. were not recovered from any of
samples.

Antimicrobial efficacy test

Results were evaluated according to USP in a fashion
with no less than 2 log reductions from the initial count in
14 days and no more from the 14 days count in 28 days
for bacteria and no more from the initial calculated count
at 14 and 28 days for yeast and molds. 93 products were
studied and it was detected that the preservatives in 14
products did not comply with the USP recommended
antimicrobial preservative activity criteria. 4 of these 14
products were the ones to yield the highest microbial
counts and their preservative activity results could not be
graphed. Preservative systems of 84 products from the 93
studied products were found to be effective against
bacteria (p<0.001). It was detected preservative systems
of 5 products were ineffective. Preservatives of one
sunscreen cream, one depilatory cream, one shaving
cream and one moisturizing cream were found to be
ineffective against S.aureus; moisturizing cream’s
preservative systems were found ineffective against E.
coli (figs. 1 a-b). Preservative systems of 84 products out
of the 93 studied products were found effective against
fungi (p<0.001). It was detected preservatives of 5
products were ineffective. Among these products, one
face care cream and two sunscreen cream’s preservatives
were found ineffective against C. albicans and one face
care cream and sunscreen cream’s preservatives were
found ineffective against A. mniger (figs. 1 c-d)
Preservative system of neither of the products was found
ineffective against P. aeruginosa. Among these fourteen
products, degradation and color change was observed by
A. niger in one of samples.
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Fig. 1: Microorganisms survival in cosmetic products.
(a) E. coli, (b) S. aureus (c) C. albicans, (d) A. niger.

DISCUSSIONS

In this study, we investigated 93 commercially available
and unopened cosmetic products. 79 cosmetic products
showed no microbiological contamination. Counts ranged
between 1.5 x 10° - 5.5 x 10° cfu/ml, in which micro-
organisms were recovered. The most frequently identified
microorganism was S. aureus, which is the most common
bacterial skin pathogen. Cosmetic’s application is largely
restricted to skin and S. aureus, which is a common skin
organism that can cause boils, impetigo, conjunctivitis,
folliculitis and food poisoning (Brannan, 2006). P.
aeruginosa, the most frequently found contaminant in
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cosmetics which infects wounds and burns and can also
cause pneumonia in immunosuppressive patients, was
also detected in one product (Brannan, 2006; Tenenbaum,
1967). Hopfer et al. reported infections and one death due
to a shampoo used by immunosuppressive patients, which
was contaminated with P. aeruginosa (Geis, 2006).
Several cases of eye infections and even loss of vision
were also caused by contaminated cosmetic products
contaminated with P. aeruginosa (Tenenbaum, 1967;
Reid and Wood, 1979). According to microbiological
standards of cosmetic products, they must be free of high-
virulence microbial pathogens like S. aureus and P.
aeruginosa, however, our study reveals that these
microorganisms can be found in unused cosmetic
products. Neither of the samples were contaminated by E.
coli and Salmonella sp.. Except these organisms, B.
cepacia, A. xylosoxyidans, S. maltophilia, P. putida, C.
freundii, B. gladioli, E. cloacae, R. planticola, P.
fluorescens, Aeromonas sp and C. krusei, were also
identified in contaminated cosmetic products. These
microorganisms are also known to be opportunistic, with
some of them resistant to microbial agents, and they can
also cause infections to immunosuppressive patients
(Oztiirk, 2008; Kanj et al., 1997, Goldmann, 1986;
Hautala et al., 2007). Previous studies with cosmetic
products also yielded similar results. A survey on recalls
of microbiologically contaminated cosmetics in Europe
between 2005 to May 2008 reports 24 different cosmetic
products have been contaminated with P. aeruginosa, B.
cepacia, S. aureus, Enterococcus sp. etc. (Lundov and
Zachariae, 2008). Okeke and Lamikanra evaluated the
bacteriological quality of skin moisturizing creams and
lotions that were purchased at a market (Okeke and
Lamikanra, 2001). They recovered E. coli, Pseudomonas
sp., Staphylococcus sp. and Bacillus sp.. Similar results
were shown by Hugbo et al., ten commercially available
cosmetic creams and lotions were purchased and their
microbiological content was evaluated (Hugbo et al.,
2003). Investigators identified S. aureus, Staphylococcus
sp. and Bacillus sp., similar to previous studies. There
were also outbreak investigations which resulted in the
identification of these opportunistic pathogens in
contaminated cosmetic products (Alvarez-Lerma et al.,
2008).

Microbial contamination, from manufacturer to consumer,
can be controlled by sanitary processing and using
appropriate and adequate preservatives. In the second part
of our investigation, preservative efficacies of 93 products
were assayed and preservatives of 79 products were able
to meet the USP criteria. Nevertheless, preservatives of 14
products were ineffective against at least one
microorganism. Preservatives are chemicals that are
added to the finished product to eliminate or inhibit the
growth of microorganisms and preserve the product
(Sasseville, 2004). Very little of the literature describing
the preservative efficacy of unopened cosmetic products

features this aspect. Today, the most widely used
cosmetic preservatives are esters of para-hydroxybenzoic
acid (parabens), formaldehyde releasers, isothiazolinones,
organic acids and organic alcohols (Geis, 2006).
Additional to well-known cosmetic preservatives,
products also include other antimicrobial components,
such as alcohol, chelating agents, phenolic antioxidants,
plant-derived essential oils and extracts and fragrance
ingredients (Varvaresou et al., 2009).

Most of the studied samples, especially four of the five
antiperspirant products, methyl, ethyl, butyl, isobutyl and
propyl parabens, were included. Although parabens have
ideal preservative properties, some recent in vitro and in
vivo studies indicated that they adversely affect endocrine
and the reproductive system (Oishi, 2002; Darbre et al.,
2002). It was also reported that using parabens in
cosmetics, particularly in underarm deodorants and
antiperspirants, can be associated with breast cancer (Soni
et al., 2005). Therefore, it is required to be careful not to
use parabens in underarm cosmetic products that have
estrogenic activities. In the preservative efficacy test on
some products (shaving products, depilatories,
antiperspirants), the number of microorganisms decreased
from 10° to zero at the beginning of the test. Decreased
number of microorganisms showed that, in these
products, different types of preservatives and
antimicrobial substances exceed permitted levels.
Consequently, products that contain large amounts of
antimicrobial substances, especially in non-rinsed
products (such as after shaves and antiperspirants), can
damage user’s epithelial cells and it is important to be
careful to protect consumer health. On the other hand,
during the preservative efficacy test on a face care
product which showed similar results with initial and first
day counts for fungi, C.albicans and A.niger counts
increased in 14 and 28 day counts. This number of fungus
increase showed that benzyl alcohol, methyl-
chloroisothiazolinone and methylisothiazolinone, which
were this product’s preservatives, are ineffective against
fungi. Furthermore, in a sample that was added A4. niger at
the preservative efficacy test, white, the original color,
turned to green during the test period. It was interpreted
that, carbohydrates and plant derived raw materials are
consumed as a food source by A. niger and this caused
degradation of the product.

Our results showed that cosmetic products, produced in
our country, can be contaminated during the production
process. Therefore, it is important to take precautions
during production process in order to prevent infections
due to microbial contamination. This case shows that it is
necessary to comply with GMP standards strictly during
the production. According to the results of our study,
preservatives should be added to products as determined
by regulations and in accordance with toxic dose limits,
for consumer’s health.

156

Pak. J. Pharm. Sci., Vol.26, No.1, January 2013, pp.153-157



ACKNOWLEDGEMENT

This present work was supported by the Research Fund of
Istanbul University. Project No.2830.

REFERENCES

Alvarez-Lerma F, Maull E, Terradas R, Segura C,
Planells I, Coll P, Knobel H and Vazquez A (2008).
Moisturizing body milk as a reservoir of Burkholderia
cepacia: outbreak of nosocomial infection in a
multidisciplinary intensive care unit. Crit. Care., 12:
R10.

Baird RM (1998). Contamination of non-steril
pharmaceuticals in  hospital and community
environments. /n: Hugo WB, Russell AD editors.
Pharmaceutical microbiology, 6" ed., Blackwell
Science, Oxford, pp.374-384.

Behravan J, Bazzaz F and Malaekeh P (2005). Survey of
bacteriological contamination of cosmetic creams in
Iran (2000). Int. J. Dermatol., 44: 482-485.

Boynukara B, Ilhan Z and Giilhan T (2002). ithal
kozmetik bir deri kreminden Aspergillus niger
izolasyonu. YTU. Vet. Fak. Derg., 13: 41-43.

Brannan DK (2006). Biology of microbes. In: Geis PA
editor. Cosmetic microbiology, 2nd ed., Taylor &
Francis Group., New York, pp.19-69.

Campana R, Scesa C, Patrone V, Vittoria E and Baffone
W (2006). Microbiological study of cosmetic products
during their use by consumers: health risk and efficacy
of preservative systems. Lett. Appl. Microbiol., 43:
301-306.

Curry JC, Brannan DK and Geis PA (2006). History of
cosmetic microbiology. /n: Geis PA editor. Cosmetic
microbiology, 2nd ed., Taylor & Francis Group, New
York, pp.3-17.

Cartk¢1 Al, Ugar F and Yalgin HT (2008). Kozmetik
iiriinlerde bakteriyal ve fungal kompozisyonun klasik
yontemler ve PCR yontemi kullanilarak saptanmasi.
Elektronik Mikrobiyoloji Dergisi TR [serial online], 6:
1-16.

Darbre PD, Byford JR, Shaw LE, Horton RA, Pope GS
and Sauer MJ (2002). Oestrogenic activity of
isobutylparaben in vitro and in vivo. J. Appl. Toxicol.,
22:219-226.

Farrington JK, Martz EL, Wells SJ, Ennis CC, Holder J,
Levchuk JW, Avis KE, Hoffman PS, Hitchins AD and
Madden JM (1994). Ability of laboratory methods to
predict in-use efficacy of antimicrobial preservatives in
an experimental cosmetic. Appl. Environ. Microbiol.,
60: 4553-4558.

Geis PA (2006). Preservation strategies. In: Geis PA
editor. Cosmetic microbiology, 2™ ed., Taylor &
Francis Group, New York, pp.163-180.

Ayse Seher Birteksoz Tan et al.

Goldmann DA and Klinger JD (1986). Pseudomonas
cepacia:  biology, mechanisms of virulence,
epidemiology. J. Pediatr., 108: 806-812.

Hautala T, Ikdheimo I, Husu H, Siily M, Siitonen T,
Koistinen P, Vuopio-Varkila J, Koskela M and Kujala
P (2007). A cluster of Candida krusei infections in a
haematological unit. BMC Infect Dis., 7: 97.

Hugbo PG, Onyekweli AO and Igwe I (2003). Microbial
contamination and preservative capacity of some
brands of cosmetic creams. Trop. J. Pharm. Res., 2:
229-234.

Kanj SS, Tapson V, Davis RD, Madden J and Browning I
(1997). Infections in patients with cystic fibrosis
following lung transplantation. Chest, 112: 924-930.

Lundov MD and Zachariae C (2008). Recalls of
microbiologically contaminated cosmetics in EU from
2005 to May 2008. Int. J. Cosmet Sci; 30: 471-474.

Oishi S (2002). Effects of propyl paraben on the male
reproductive system. Food Chem Toxicol, 40: 1807-
1813.

Okeke IN and Lamikanra A (2001). Bacteriological
quality of skin-moisturizing creams and lotions
distributed in a tropical developing country. J. Appl.
Microbiol, 91: 922-928.

Oztiirk R (2008). Coklu ilag direngli Pseudomonas
aeruginosa, Burkholderia cepacia,

Stenotrophomonas maltophilia ile olusan infeksiyon
hastaliklarinda antimikrobik tedavi. ANKEM Derg, 22:
36-43.

Reid FR and Wood TO (1979). Pseudomonas corneal
ulcer. The causative role of contaminated eye
cosmetics. Arch Opthalmol., 97: 1640-1641.

Sasseville D (2004). Hypersensitivity to preservatives.
Dermatol Ther., 17: 251-263.

Soni MG, Carabin IG and Burdock GA (2005). Safety
assessment of esters of p-hydroxybenzoic acid
(parabens). Food Chem. Toxicol., 43: 985-1015.

Steinberg D (2006). Preservatives for cosmetics, 2™ ed.,
Allured Publishing Corporation, Illinois.

Tenenbaum S (1967). Pseudomonas in cosmetics. J. Soc.
Cosmetic Chemists, 18: 797-807.

The United States pharmacopeia 26 (2003), Chapter 51,
Antimicrobial Effectiveness Testing. United States
Pharmacopeial Convention.

The United States pharmacopeia 26 (2003), Chapter 61,
Microbial Limits Tests. United States Pharmacopeial
Convention

Varvaresou A, Papageorgiou S, Tsirivas E, Protopapa E,
Kintziou H, Kefala V and Demetzos C (2009). Self-
preserving cosmetics. Int. J. Cosmetic Sci., 31: 163-75.

Pak. J. Pharm. Sci., Vol.26, No.1, January 2013, pp.153-157

157



