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Introduction: The microbiological integrity of perfumes is essential for
safety, stability, and consumer trust. Although the high alcohol content is
assumed to be self-preserving or antimicrobial against vegetative cells,
comparative empirical data across different supply chains remain limited.
This study aimed to assess the absence of detectable viable growth in
perfumes from diverse market sources using pharmacopeial sterility test
conditions. Methods: A total of 97 finished perfume samples were
categorized as counterfeit/unauthorized (n=25), officially imported (n=15),
and domestically manufactured (n=57). Sterility testing was performed by
direct inoculation into Fluid Thioglycollate Medium (FTM) and Tryptic Soy
Broth (TSB) according to USP <71>. The media were supplemented with
0.5% v/v polysorbate 80 to neutralize the antimicrobial activity of the
alcohol. FTM vials were incubated at 25 + 1°C and TSB vials at 35 + 1°C for
14 days. Turbid vials underwent subculturing on Tryptic Soy Agar (TSA)
and Potato Dextrose Agar (PDA). Results: No detectable viable microbial
growth was observed under the test conditions. Eight samples (8.2%)
developed slight, non-progressive turbidity, but confirmatory subculturing on
TSA and PDA vyielded no colonies after 72 hours, suggesting that the
turbidity resulted from physicochemical interactions rather than viable
microbial contamination. Conclusion: This analysis of 97 samples suggests
that finished perfumes from the evaluated supply chains in Iran were free of
detectable viable growth under the test conditions; USP <71> was applied as
an investigative tool rather than as a regulatory sterility requirement for
cosmetic products. The results support the inherent antimicrobial properties
of the high-alcohol matrix and, where applicable, the effectiveness of
existing manufacturing controls. They also underscore the value of routine
confirmatory subculture protocols during microbiological investigations of
high-alcohol cosmetic products to avoid false-positive batch failures.

INTRODUCTION

The global fragrance industry represents a prolonged contact with human skin [4-6]. Consequently,
multibillion-dollar market in which product integrity, ~their microbiological quality is a critical parameter
consumer safety, and brand reputation are inextricably influencing not only product stability and shelf life but
linked [1-3]. Perfumes are complex mixtures of aromatic also, more importantly, consumer health and safety [6-
compounds, solvents (primarily ethanol), and fixatives, 8].

and represent cosmetic products intended for direct and
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Microbial contamination in cosmetics can originate
from raw materials, water, manufacturing equipment, the
production environment, or packaging [9, 10]. For
perfumes, the high alcohol content (typically 70-95%
ethanol) is widely presumed to confer intrinsic self-
preservation, creating a hostile environment for most
vegetative bacteria, yeasts, and molds [8, 11, 12].
Previous studies have consistently demonstrated that
ethanol concentrations above approximately 70% exert
broad-spectrum antimicrobial activity against vegetative
microorganisms [11, 12]. Modern self-preserving
cosmetic systems often combine multifunctional
ingredients such as phenethyl alcohol and caprylyl
glycol, which exhibit broad-spectrum antimicrobial
activity without being classified as traditional
preservatives [13]. This presumption often leads to a
perceived lower risk profile compared with water-based
cosmetics; however, it does not eliminate the risk
entirely, because contamination with alcohol-tolerant
microorganisms, bacterial or fungal spores, or process
deviations during manufacturing and filling can occur
[14, 15].

Counterfeit or unauthorized cosmetic products may be
manufactured outside regulated Good Manufacturing
Practice (GMP) environments and may involve
uncontrolled raw materials, non-validated water systems,
and inadequate hygienic controls, potentially increasing
microbiological risk [16]. The consequences of microbial
contamination are multifaceted. From a product integrity
standpoint, microbial metabolism can degrade delicate
fragrance compounds, alter pH, cause turbidity or
sediment formation, and produce off-odors, ultimately
rendering the product unacceptable [17-19]. From a
public health perspective, contaminated products applied
to skin, particularly compromised or sensitive skin, can
cause irritations, allergic reactions, or infections [20, 21].
A comprehensive review by Lundov et al. highlights the
delicate balance between product preservation and the
risk of preservative-induced contact allergy [21].

To mitigate these risks, regulatory frameworks
worldwide mandate stringent quality control measures.
Compendial and regulatory standards, such as those
outlined in the United States Pharmacopeia (USP),
European Union cosmetic legislation, and International
Organization for Standardization (ISO) guidelines,
provide benchmarks for microbial-limit testing,
preservative-effectiveness testing, and GMP compliance
[22-26]. While full sterility is not a regulatory
requirement for non-sterile cosmetics, including
perfumes, demonstrating the absence of specified
pathogens and acceptable levels of non-pathogenic
microorganisms is essential. Sterility testing according to
USP <71> remains the reference method for assessing
the absence of viable microorganisms in sterile products
and can serve as an investigative tool for high-risk
batches or specific consumer complaints [26-28].
Although perfumes are not required to be sterile,
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evaluating the absence of detectable viable
microorganisms using the USP <71> direct inoculation
procedure may provide useful insight into their
microbiological status and the applicability of this
compendial method to the perfume matrix [26].

Despite the economic and safety significance of
perfumes, there is a notable paucity of large-scale,
systematic studies in the scientific literature that
empirically evaluate their microbial quality across
diverse market segments [19, 29, 30]. Most existing
research focuses on water-based cosmetics (e.g., lotions
and creams) [9, 15, 29, 30]. Data comparing the
microbiological status of products from different supply
chains—counterfeit/unauthorized  sources, officially
licensed imports, and domestically manufactured
items—are particularly scarce. Such comparative
analysis is crucial because supply-chain integrity is a key
determinant of adherence to GMP [8, 9, 31].

This study was designed to address this knowledge
gap. The primary objective was to conduct a
comprehensive, compendial-based assessment of a large
cohort of perfume samples (n=97) systematically
collected from three distinct sources:
counterfeit/unauthorized  markets,  official  import
channels, and domestic production lines. By applying the
rigorous direct inoculation method per USP <71> with
appropriate antimicrobial neutralization, this
investigation aimed to: 1) provide empirical data on the
microbiological status of finished perfume products; 2)
compare microbial quality indicators across different
supply chains; and 3) verify the suitability of standard
sterility-testing methodologies for this specific, high-
alcohol matrix [32-34]. The findings contribute valuable
evidence to inform quality control practices, regulatory
oversight, and risk assessment in the fragrance industry.

MATERIAL AND METHODS

Study design and sample collection. A total of 97
finished perfume samples were collected for this
analytical study. Samples were purposively selected to
represent three predefined market supply-chain
categories: Category 1, counterfeit/unauthorized (n=25;
sample IDs 101-125), comprising products lacking
standard manufacturer identification that were purchased
from unofficial vendors and transit markets; Category 2,
officially imported (n=15; sample 1Ds 1-15), comprising
products sourced from official distributors with
verifiable international brand origins; and Category 3,
domestically manufactured (n=57; sample 1Ds 201-257),
comprising products obtained directly from licensed
national manufacturers. Within the imported and
domestically  manufactured categories, individual
products were randomly procured from licensed
pharmacies and authorized distributors, whereas
counterfeit/unauthorized samples, identified by the
absence of standard manufacturer labeling, batch codes,
and holographic seals, were purchased from

2026 Vol. 14 No. 3


http://jommid.pasteur.ac.ir/article-1-830-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2026-11-16 ]

unauthorized street vendors in Tehran and Kerman. The
original perfume bottles ranged in volume from 30 mL to
100 mL. All samples were stored at controlled room
temperature in their original packaging until analysis,
which was initiated within 48 hours of receipt.

Sterility testing: culture media preparation and
quality control. Sterility testing was performed based on
the direct inoculation procedure described in the current
USP General Chapter <71> “Sterility Tests” [26]. Two
primary liquid culture media were employed to support
the growth of a wide spectrum of microorganisms:

a) Fluid Thioglycollate Medium (FTM; Condalab,
Spain): Prepared at a concentration of 29.8 g/L in
double-distilled water. This medium is designed for the
cultivation of aerobic and anaerobic bacteria, including
fastidious anaerobes.

b) Tryptic Soy Broth (TSB; QueLAB, Canada): Prepared
at a concentration of 30 g/L in double-distilled water.
This medium supports the growth of non-fastidious
bacteria, yeasts, and molds.

To neutralize the inherent antimicrobial activity of the
high alcohol content in perfume samples, 0.5% v/v
polysorbate 80 (Tween® 80, Merck, Germany) was
added to the medium before dispensing and autoclaving
[32-34]. Polysorbate 80 acts as a surfactant to emulsify
hydrophobic perfume components, while dilution of a
1.0 mL inoculum in 20 mL of medium reduces the
ethanol concentration below inhibitory levels (typically
< 5% vl/v in the final broth matrix) [11, 12, 32, 34].

The media were gently heated in a boiling water bath
to ensure complete dissolution. Subsequently, 20 mL
aliquots were dispensed into sterile 50 mL borosilicate
glass vials sealed with aluminum crimp caps.
Sterilization was achieved by autoclaving at 121°C (15
psi) for 20 minutes. All media batches underwent
rigorous quality control: they were incubated at 35-37°C
for 72 hours prior to use to confirm the absence of
intrinsic microbial contamination. Growth-promotion
capability was evaluated separately during method
suitability testing [35].

Sample inoculation and incubation. The direct
inoculation method was employed for sterility testing.
Under a Class Il biosafety cabinet with strict aseptic
technique, 1.0 mL of each undiluted perfume sample was
aseptically transferred into a vial of FTM and,
separately, 1.0 mL into a vial of TSB using a sterile
barrier-tip micropipette. The vials were gently agitated to
mix and then incubated under two temperature regimes
to maximize recovery: FTM vials were incubated at 25 +
1°C and TSB vials at 35 + 1°C for 14 days. Note that, in
contrast to the compendial specifications of USP <71>
(FTM, 30-35°C; TSB, 20-25°C), the incubation
temperatures assigned to the two media were deliberately
exchanged so that each medium was evaluated under a
different thermal regime and the overall detection
spectrum was broadened; this deviation from the
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compendial incubation conditions is acknowledged as a
limitation of the study [26]. This dual-temperature
approach was intended to facilitate the recovery of both
mesophilic (35°C) and potential environmental or slow-
growing (25°C) microorganisms.

Controls. To validate the entire testing system, the
following controls were included:

a) Negative media control: Uninoculated vials of FTM
and TSB from each batch were incubated alongside test
samples to confirm medium sterility.

b) Positive growth control: To verify the ability of the
culture media to support microbial growth, positive
growth controls were established using Escherichia coli
(ATCC 8739) and Bacillus subtilis (ATCC 6633).
Inocula of no more than 100 CFU of each
microorganism were introduced separately into sterile
TSB and FTM media containing 0.5% polysorbate 80.
The inoculated media were incubated under the same
conditions applied to the test samples and examined
daily for evidence of microbial growth.

Method suitability. Method suitability was evaluated
to determine whether residual antimicrobial activity of
the perfume matrix could inhibit microbial recovery.
Representative perfume samples were inoculated into
TSB and FTM media containing 0.5% polysorbate 80
and subsequently challenged with <100 CFU of E. coli
(ATCC 8739) and B. subtilis (ATCC 6633). Recovery
and visible growth of the challenge microorganisms
following incubation demonstrated that the neutralization
procedure was sufficient to prevent inhibition of
microbial growth under the conditions of this study [26,
32-34].

Environmental monitoring. All procedures were
conducted in a controlled environment. Work surfaces
and vial exteriors were disinfected with 70% ethanol and
10% povidone-iodine (Betadine®) before transfer into
the cabinet to reduce cross-contamination.

Examination and interpretation of results. All
inoculated vials were examined daily for visual signs of
microbial growth, including turbidity, pellet formation,
surface pellicle, or gas production. Samples showing any
visual turbidity or ambiguity at any point during the 14-
day incubation were subjected to confirmatory testing.

Confirmatory subculturing for turbid samples. For
any vial exhibiting turbidity, a subculture was performed
immediately. Using a sterile loop, a sample from the
turbid broth was streaked onto two solid media:

a) Tryptic Soy Agar (TSA): For the isolation of bacteria
and yeasts.

b) Potato Dextrose Agar (PDA): For the enhanced
isolation of molds and yeasts.

TSA plates were incubated at 30-35°C, whereas PDA
plates were incubated at 20-25°C for a minimum of 72
hours, and the plates were examined daily for colony
formation. The absence of growth on solid media
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indicated that the observed turbidity in the liquid
medium was not of microbial origin.

Data analysis. A sample was classified as “no
confirmed growth” if neither the FTM nor the TSB vial
showed any evidence of growth throughout the 14-day
incubation period. If turbidity occurred but subculturing
on TSA and PDA yielded no microbial growth after 72
hours, the result was also recorded as “no confirmed
growth”. Statistical analyses were performed using IBM
SPSS Statistics version 26.0 (IBM Corp., Armonk, NY,
USA). Fisher’s exact test was used to compare turbidity
frequencies among supply-chain categories. Statistical
significance was defined as P < 0.05.

RESULTS

Sterility testing outcomes. Throughout the 14-day
incubation period, all uninoculated negative control
media remained clear, confirming the absence of
intrinsic contamination in the culture media (Figure 1).
In contrast, positive growth controls demonstrated the
expected microbial proliferation. E. coli in TSB showed
visible turbidity at 24 = 2 hours, and B. subtilis in TSB
showed visible turbidity at 36 = 4 hours (Figure 2). In
FTM, E. coli showed turbidity at 36 + 6 hours, and B.
subtilis showed turbidity at 48 £+ 2 hours (Figure 3). All
perfume samples remained free of detectable microbial
growth under the study conditions. A representative
sample showing no growth (Sample 64) is indicated in
Figure 3D.

Negative control
FIM

Fig. 1. Representative negative controls during the 14-day incubation period. Uninoculated FTM and TSB vials after completion of
incubation.

Bacillus subtilis
Positive control
TSB

Escherichia coli
Positive control
TSB

Fig. 2. Representative positive controls during the 14-day incubation period, showing turbidity: E. coli in TSB at 24 + 2 hours; B.
subtilis in TSB at 36 + 4 hours.
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Bacillus subtilis

Negative control e
FTM Positive control

: - e — FTM _

Escherichia coli
Positive control
FIM Sample 64

A B

C D

Fig. 3. Representative control and test cultures used during the 14-day incubation period: A. Uninoculated Fluid Thioglycollate
Medium (negative control) after completion of incubation; B. Positive growth control inoculated with Bacillus subtilis ATCC 6633;
C. Positive growth control inoculated with Escherichia coli ATCC 8739; D. Representative perfume sample (Sample 64) following

incubation under the study conditions.

Analysis of turbidity events and confirmatory
subculturing. During the daily examination, a subset of
samples (8 out of 97, representing 8.2% of the total)
presented with slight, non-progressive turbidity in either
TSB, FTM, or both media. The turbidity appeared as a
uniform haziness without flocculent precipitation,

pellicle formation, or bottom sediment, and did not
increase in intensity over time. These samples were
identified and immediately subjected to the confirmatory
subculturing protocol as stipulated in USP <71>. The
details of these samples are presented in Table 1.

Table 1. Characteristics and confirmatory testing results of perfume samples exhibiting turbidity in sterility test media

Sample Product category Turbidity Day of first Subculture Subculture Final interpretation
1D observed in observation media used ** incubation (72
media* h)
101 Counterfeit/unauthorized TSB & FTM Day 4 TSA, PDA No growth No confirmed
growth
105 Counterfeit/unauthorized TSB Day 7 TSA, PDA No growth No confirmed
growth
5 Imported FTM Day 5 TSA, PDA No growth No confirmed
growth
204 Domestic TSB Day 3 TSA, PDA No growth No confirmed
growth
222 Domestic TSB & FTM Day 6 TSA, PDA No growth No confirmed
growth
227 Domestic TSB Day 5 TSA, PDA No growth No confirmed
growth
236 Domestic TSB & FTM Day 4 TSA, PDA No growth No confirmed
growth
249 Domestic TSB Day 2 TSA, PDA No growth No confirmed
growth

Abbreviations: *FTM, Fluid Thioglycollate Medium; TSB, Tryptic Soy Broth. **TSA, Tryptic Soy Agar; PDA, Potato Dextrose

Agar.

As detailed in Table 1, subculturing from the turbid
broth onto solid culture media (TSA and PDA) and
subsequent incubation for 72 hours yielded no microbial
colony formation on any plate. This critical step
confirmed that the observed turbidity was not of
microbiological origin. The absence of growth on both
general-purpose (TSA) and fungus-supporting (PDA)
media does not prove absolute sterility, but it argues
against the presence of viable bacteria, yeasts, and molds
recoverable under these conditions. The turbidity was
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therefore attributed to physicochemical interactions
between specific components of the perfume
formulations and the constituents of the liquid culture
media, potentially exacerbated by the presence of the
neutralizing agent polysorbate 80 [37-43].

Categorical summary of results. The overall sterility
test results, stratified by the sample source category, are
summarized as follows:

Counterfeit/unauthorized samples (n=25): All 25
samples showed no confirmed microbial growth. Two
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samples (8.0% of this category) showed non-microbial
turbidity but were confirmed free of recoverable growth
via subculture.

Imported samples (n=15): All 15 samples showed no
confirmed microbial growth. One sample (6.7% of this
category) showed non-microbial turbidity but was
confirmed free of recoverable growth via subculture.

Domestically manufactured samples (n=57): All 57
samples showed no confirmed microbial growth. Five
samples (8.8% of this category) showed non-microbial
turbidity but were confirmed free of recoverable growth
via subculture.

Table 2. Distribution of turbidity events by supply chain category

Across all 97 samples, the rate of confirmed absence
of recoverable growth was 100% under the test
conditions, and the incidence of non-microbial turbidity
was 8.2%. Comparison across product categories was
performed using Fisher’s exact test due to small
expected frequencies in certain subgroups. No
statistically significant association was observed between
supply-chain category and turbidity occurrence (two-
sided Fisher’s exact test, P = 0.933; Table 2), indicating
that turbidity occurrence was not concentrated in any
category and was more consistent with formulation-
dependent physicochemical interference than with
category-related manufacturing quality.

Total Samples Turbidity ® Confirmed .
Category ") Observed (n) Percentage (%) Microbial Growth Final Status
Counterfeit/unauthorized 25 2 8.0 0 No confirmed
growth
No confirmed
Imported 15 1 6.7 0 growth
. No confirmed
Domestic 57 5 838 0 growth
No confirmed
Total 97 8 8.2 0 growth
DISCUSSION

The results of this extensive sterility testing study
demonstrate a consistent outcome: all 97 perfume
samples, spanning three distinct market categories
(counterfeit, imported, and domestic), were free of
detectable viable growth under the USP <71> direct-
inoculation conditions applied here. This absence of
growth, together with the caveat that strict anaerobes,
some fungi, and injured or slow-growing organisms may
require specialized culture conditions not fully replicated
in this protocol, provides empirical support for the
intrinsic antimicrobial efficacy of the standard perfume
formulation matrix, which is predominantly based on
high concentrations of ethanol or other alcohols [8, 11,
12]. The uniform outcome across categories is a
particularly notable finding. It suggests that even
products from unofficial or “counterfeit” supply chains,
which might be expected to bypass formal quality
controls, did not show microbial contamination in this
assay. This may be attributable to the intrinsic
preservative property of the high-alcohol content itself,
which acts as a formidable barrier to microbial survival
and proliferation during formulation and filling, although
it does not exclude contamination by alcohol-tolerant
organisms or spores under other conditions [14-16, 31].
For imported and domestically manufactured perfumes,
the results are consistent with the effectiveness of
established GMP in the fragrance industry [25, 31].
These findings align with the theoretical expectation of
microbial stability in such products but provide the
empirical laboratory evidence that has been lacking in
the scientific literature [19, 29, 30].
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A critical methodological insight from this work
pertains to the interpretation of turbidity in sterility test
media. In a limited number of samples (Table 1), slight
turbidity developed in one or both media. However,
confirmatory subculturing onto TSA and PDA Yyielded
no microbial growth, arguing against contamination. The
absence of a statistically significant association between
supply-chain category and turbidity occurrence (Fisher’s
exact test, P = 0.933) indicates that turbidity was not
clustered across counterfeit, imported, and domestic
samples. This finding suggests that turbidity was not
related to manufacturing quality or GMP compliance,
because products from unauthorized sources would be
expected to show higher rates of true contamination if
GMP deviations were the primary cause. Instead,
consistent with challenges noted in growth-based
sterility testing evaluations [36], the distribution across
all three categories points to a formulation-dependent
phenomenon. Certain hydrophobic perfume ingredients
(e.g., aromatic oils, resins, or fixatives) may form fine
micelles or precipitates when mixed with aqueous
culture media, thereby producing turbidity even in the
absence of viable organisms [36-43]. This interpretation
is further supported by the observation that turbidity
appeared non-progressively on different days (ranging
from day 2 to day 7) and did not increase in intensity
over time, which is inconsistent with microbial growth
(typically visible within 24-48 hours and progressive)
[26, 27]. This observation carries significant practical
importance for quality control microbiology. It
underscores the paramount necessity of adhering to
pharmacopeial protocols that mandate subculture from
turbid sterility test media. Relying solely on visual
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inspection of broth tubes could lead to false-positive
sterility test failures, resulting in unnecessary product
rejection, costly investigations, and production delays
[26-28, 35]. Our study provides a clear case example of
this non-microbial turbidity in cosmetic product testing.
The successful neutralization of alcohol by the addition
of 0.5% polysorbate 80 to the culture media was a
crucial factor in ensuring the test’s validity. Without this
step, the residual bacteriostatic effect of alcohol
transferred with the inoculum could have suppressed the
growth of low-level contaminants, leading to false-
negative results [32-34, 44, 45]. The effectiveness of the
neutralization strategy was confirmed qualitatively in
two steps. First, both E. coli and B. subtilis showed
robust growth in FTM and TSB containing 0.5%
polysorbate 80 without perfume samples, confirming that
the neutralizing agent alone did not inhibit microbial
recovery (growth-promotion control). Second, both
reference strains also grew robustly in media containing
0.5% polysorbate 80 and representative perfume
samples, confirming method suitability, i.e., that residual
components of the perfume matrix did not suppress
microbial recovery after neutralization. However,
because method suitability was verified with only two
bacterial strains, recovery of strict anaerobes, yeasts, and
molds was not fully confirmed under the conditions of
this study [26]. The dual incubation temperatures (25°C
and 35°C) further strengthened the test by creating
conditions suitable for mesophilic and potential
environmental contaminants, ensuring a broad spectrum
of detection, but did not replace a full compendial
validation panel [26, 35].

From a regulatory and safety perspective, these
findings are reassuring for finished high-alcohol
perfumes applied to intact skin. The primary microbial
quality concerns for such products therefore shift toward
the following: 1) the quality of raw materials (especially
water and non-alcoholic extracts) before alcohol
addition, 2) the hygiene of manufacturing processes to
prevent gross contamination, and 3) the integrity of
packaging to maintain microbiological control during
shelf life and after consumer opening [14, 15, 20, 25].
Our study focused on the finished-product absence-of-
growth endpoint, which appears to be well controlled.
Accordingly, the results should not be interpreted as
advocating routine sterility testing for perfumes.
International cosmetic quality assurance generally
emphasizes 1ISO 22716 GMP, microbial limits according
to 1SO 17516 or USP <61>/<62>, and preservative-
effectiveness testing according to ISO 11930 or USP
<51> where applicable [22-25, 46-48]. USP <71> was
used here as a sensitive investigative tool, not as a
regulatory sterility requirement for cosmetic products.

Limitations of this study should be acknowledged.
First, the study design was a “snapshot” in time and did
not evaluate microbial stability over the entire shelf life
of the products or after repeated consumer use, which
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introduces water and skin microbiota [20, 21]. Second,
despite the large sample size, the geographical sourcing
might not be fully representative of the global market.
Third, method suitability verification was conducted
using only two bacterial strains (E. coli and B. subtilis).
In contrast, full validation according to USP <71>
requires a panel of at least six index microorganisms,
including anaerobes (Clostridium sporogenes), yeasts
(Candida albicans), and molds (Aspergillus brasiliensis)
[26]. Consequently, the ability of the test system to
support the recovery of strict anaerobes and fungi was
not confirmed under the conditions of this study, and the
incubation temperatures used here deviated from the
compendial specifications (FTM at 25°C instead of 30—
35°C; TSB at 35°C instead of 20—-25°C). Fourth, method
suitability assessment was based on qualitative growth
recovery rather than quantitative recovery ratios and
therefore  represents a  partial verification of
neutralization effectiveness. Fifth, alcohol concentration,
pH, and specific formulation components were not
measured, limiting mechanistic attribution of the
turbidity. Sixth, the 1.0 mL inoculum per medium
represents only a small fraction of the container volume;
consequently, very low-level contamination present in
the bulk product could escape detection. Finally, the
absence of growth under these conditions does not prove
absolute sterility or the absence of non-viable microbial
residues.

Future research directions emerging from this work
include: 1) investigating the specific chemical
interactions between perfume ingredients and culture
media to better predict or prevent non-microbial
turbidity, 2) conducting challenge tests to determine the
efficacy of perfume formulations against specific
resilient spores, 3) exploring rapid microbiological
methods as potential alternatives for high-throughput
screening [27, 36], and 4) performing longitudinal
studies on microbial contamination dynamics in
perfumes after opening and consumer use [20, 21]. Such
studies would complement the present finished-product
assessment and  strengthen  risk-based cosmetic
microbiological control.

In conclusion, no detectable viable microorganisms
were recovered from the 97 commercially available
perfume samples tested under the conditions of the USP
<71> direct inoculation procedure. These findings
support the well-recognized microbiological stability of
high-alcohol perfume formulations while emphasizing
that USP <71> was used in this study as an investigative
microbiological tool rather than as a regulatory sterility
requirement for cosmetic products. From a quality
assurance and regulatory perspective, microbiological
control of perfumes should continue to focus primarily
on GMP, microbiological quality of raw materials before
alcohol incorporation, microbial limits testing (USP
<61>/<62> or ISO 17516), and preservative efficacy
testing where appropriate (USP <51> or ISO 11930),
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rather than routine sterility testing of finished products
[22-25, 46-48]. The principal practical contribution of
this study is the demonstration that slight, non-
progressive turbidity observed during pharmacopeial
sterility testing of perfumes should always be evaluated
by confirmatory subculturing in order to distinguish
physicochemical interference from true microbial
contamination and thereby avoid false-positive
interpretations.
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