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Microbiological testing is required in the cosmetics industry during product development, 

manufacturing, and quality assurance. This involves both qualitative testing (yes/no determination, 

identification of specific microorganism species) and quantitative testing (enumeration of present 

microorganisms). For both groups of tests, measurement uncertainties are known that must be 

addressed in the context of testing cosmetic products (finished products, intermediate products). 

Undoubtedly, measurement uncertainties also arise in other microbiological tests (e.g., raw 

materials, hygiene monitoring), but these are not addressed here. Measurement uncertainties lead 

to uncertainties in results, which are particularly significant in product testing when compliance with 

purity specifications and tests for microbial stability are at stake, as these involve statements 

regarding product safety. The topic of microbiological measurement uncertainties is also well-known 

in medical contexts and in testing related to environmental hygiene and food safety. Measurement 

uncertainties are frequently discussed, particularly in connection with quantitative microbiological 

testing of food, and this will be repeatedly referenced in the following text regarding cosmetic 

testing. This is because the issue often involves fundamental questions regarding microbiological 

testing that also apply to cosmetic products, where such considerations are rarely addressed. Only by 

identifying the causes of measurement uncertainties can they be avoided as much as possible and 

considered when evaluating results. Thus, despite measurement uncertainties, the results can lead to 

valid assessments, which is important for ensuring the reliable microbiological product quality and 

safety of cosmetic products, as required by the EC Cosmetics Regulation (KosVO [1]).  

 

1. The fundamental influence of biological factors 

First, it is important to recognize why microbiological testing of cosmetic products involves different 

conditions than, for example, chemical analyses. Since this examination involves living organisms, 

biologically determined variations in characteristics and metabolic processes can contribute to 

fluctuations in results. Furthermore, it must be considered that microorganisms are not uniformly 

distributed within a product, as is usually the case with chemical substances. Accordingly, the reliable 

detection of even small numbers of microorganisms is significantly limited depending on the product 

quantities being tested [2].  

Microorganisms relevant to the cosmetics industry (bacteria and fungi) exhibit an enormous diversity 

of morphological and physiological characteristics. The detection of microbial contaminants in 

cosmetic products therefore depends heavily, in terms of both qualitative and quantitative analysis, 

on the ability of these microorganisms to grow in the required culture media (liquid and solid 

nutrient media). Unimpeded growth, which is necessary for reliable results, can only be achieved by 

adhering to specific growth conditions. In addition to the selection of suitable culture media, factors 
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such as the supply of or absence of oxygen, temperature conditions, and incubation times are also of 

essential importance. Suboptimal growth conditions can lead to delayed growth or a complete lack 

of growth.  

Particularly in tests for microbial counts, the choice of appropriate culture conditions influences the 

measurement results. Since the count is based on culturing microorganisms on solid media (pour 

plate or surface methods) and the development of colony-forming units (CFU), the culture conditions 

have a direct impact on the test results. However, to ensure the accuracy of the count results, it must 

also be considered that, in many cases, microorganisms do not exist as single cells but rather in cell 

clusters, meaning that multiple cells can contribute to the formation of a colony. This is particularly 

important to note in the case of molds but also applies to staphylococci.  

Microorganisms in the product may be pre-damaged (e.g., by antimicrobial substances in the 

product), resulting in delayed or absent growth in or on the culture medium, which in turn leads to 

inaccurate measurement results. Therefore, in the presence of antimicrobial substances, it is 

essential to ensure sufficient neutralization of the inhibitory effects [3, 4, 5, 6]. 

The effects discussed here and the resulting variations in results cannot be entirely avoided, but they 

can often be reduced by precisely defining and adhering to appropriate test conditions.  

 

2. Measurement uncertainties in qualitative analyses 

Qualitative analyses are used to determine the nature of microbial contamination. Enrichment 

cultures are frequently employed for this purpose, as they allow for the detection of larger quantities 

of product and increase sensitivity. If necessary, additional culture passages using elective/selective 

culture media may be used. Microorganisms can be identified by species or other taxonomic groups. 

On the one hand, the exclusion of specified microorganisms is a component of the purity 

specifications to be established [1, 3, 7]. On the other hand, knowledge of the species of microbial 

contaminants allows for consideration regarding potential sources of contamination and risks, and 

necessary precautions to be taken; thus, identification is an important tool for risk assessment in 

every case. In such analyses, measurement uncertainties are, based on experience, significantly less 

significant than in quantitative analyses, but must nevertheless be considered. 

Uncertainties regarding the presence or absence of certain types or groups of microorganisms are 

often related to the choice of an appropriate culture medium or suitable growth conditions (see also 

Section 1). However, the number of microorganisms present also affects the detection of their 

presence. Especially when there are few contaminants, uneven distribution within the product can 

lead to incorrect results. It is therefore important to have a sufficient number of samples and to 

process the product appropriately (see also Sections 3.2 and 3.3). To detect specific microorganisms, 

the required test volume must be examined, as exclusion is generally required within a specific 

product volume (in the cosmetics sector, 1 g or 1 mL [3]). 

The identification of the microorganisms detected is typically determined by testing biochemical 

reactions carried out in standard kits. However, methods are now available that rely on nucleic acid 

sequencing or mass spectrometry of specific proteins (MALDI-TOF-MS), which often enable faster 

and more accurate identification. However, for all identification methods, the limits of accuracy and 

detectability, and thus measurement uncertainties, must be recognized. This can result in test 

parameters that do not allow for unambiguous identification.  Furthermore, specific growth 

conditions can prevent a sufficiently distinguishable result (e.g., “viable but not culturable”). 
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3. Measurement uncertainties in quantitative analyses  

Quantitative microbiological testing of cosmetic products is used primarily for two purposes: to verify 

that the product complies with specified maximum bacterial counts [1, 3] and to determine the 

quantitative inactivation levels established for the test microorganisms in the preservative efficacy 

test [1, 4, 5]. In both cases, compliance with specified limit values must be demonstrated to prove 

fulfillment of product safety requirements. With regard to purity requirements, levels must remain 

below the limit values; in the case of the preservative efficacy test (PET), the achievement of specific 

reduction values (logarithmic reduction factor) must be demonstrated as a minimum requirement for 

efficacy.  

According to ISO 19036:2020 [8, 9], three components are identified as relevant to measurement 

uncertainties in microbiological testing of food: 

 

- Technical execution of the test 

- Properties of the tested products (matrix) 

- Distribution of microorganisms in the product. 

 

Even though specific problems may arise, particularly due to the test matrix of food products, these 

three components also apply to the microbiological testing of cosmetics. It can therefore be assumed 

that measurement uncertainties related to all three components will arise during the testing of 

cosmetic products; when combined, these uncertainties can lead to variations in results and must 

therefore be considered when evaluating the results. Fundamental considerations regarding testing 

procedures and associated measurement uncertainties are summarized below. Further specific 

aspects of purity testing and the performance of the PET, as well as their impact on limit values, are 

addressed in Sections 6 and 7.  

 

3.1 Technical conduct of the study 

Test methods for determining microbial counts in cosmetic products are described in detail. For total 

microbial count tests and for conclusions regarding specific microorganisms or groups of 

microorganisms, reference is made to various ISO standards (e.g., [3, 10, 11, 12]) and other literature 

(e.g., [6, 13]). Procedural descriptions for determining microbial counts and evaluating results in 

preservative efficacy tests are available, for example, in [4, 5]. It is recommended to adhere to the 

specified test protocols and to use sufficiently accurate and validated internal laboratory test 

procedures accordingly. Nevertheless, it must be assumed that differences in implementation or 

individual errors in the technical execution of laboratory procedures could lead to varying 

measurement results in both areas of investigation. The use of automated methods for bacterial 

counting (e.g., Spiral-Plater) is not considered here.  

The following areas, for example, may be relevant to measurement uncertainties in this component: 
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- Sampling of the test quantity of the product, preparation of dilutions, transfer of material to 

culture media: deviations in quantity measurement (weighing and pipetting; observe maintenance of 

measuring instruments).  

- Selection of appropriate culture media and diluents, and preparation of these media. 

- Cultivation of microorganisms: culture medium temperature or oxygen availability in the 

pour plate method, incubation temperature, and incubation time. 

- Counting errors when counting colonies. Special note: coalescing colonies (e.g., swarming 

microorganism species) or slow-growing microorganisms that are not recognized as colonies (pour 

plate method!). 

- Calculation errors in the subsequent determination of the microorganism content in the 

product. 

 

3.2  Characteristics of the products examined (matrix) 

Cosmetics can vary greatly in terms of formulation and structure, for example, aqueous liquid 

products, emulsions of different types (O/W, W/O) and varying viscosities, powdered products (e.g., 

body powder), or solid sticks (e.g., lipstick). Depending on these factors, the preparation of the 

products for testing must already be carried out on a product-specific basis to detect any present 

microorganisms. Furthermore, microorganisms should be distributed as uniformly as possible for the 

count. When culturing microorganisms for microbial count, neutralization must be considered, as it 

prevents antimicrobial product components from inhibiting growth. 

Thus, the following aspects, for example, are relevant for this component of measurement 

uncertainties: 

- Preparation of the product sample for microbial count determination based on the product 

type: for example, determine appropriate preparation steps based on solubility or dispersibility (e.g., 

use a solubilizing agent for poorly soluble products). 

- Homogeneous distribution of the product and microorganisms for detection and subsequent 

cultivation steps. Standardize work steps involving mechanical aids (e.g., stirring, Stomacher) as 

much as possible. Sample homogeneity is the most important factor influencing the total variance in 

quantitative analyses [14].   

- Of particular importance: appropriate neutralization (additives in the dilution fluid and/or the 

subculture medium). Each product has specific antimicrobial properties due to preservatives and 

other ingredients. Determine the effectiveness of neutralization on a product-specific basis in an 

experiment [3, 4, 6] (“method validation”). 

 

3.3  Distribution of microorganisms in the product 

Variations in the distribution of microorganisms can initially result from localized contamination. This 

can occur during the manufacturing process, for example due to “contamination hotspots” in 

production equipment, but also due to contamination on the product surface during filling (airborne 

contamination!), which is particularly common with highly viscous products. However, uneven 
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distribution of contaminants is also to be expected during product use. Furthermore, product 

characteristics can lead to uneven distribution of contaminants, which may be caused, for example, 

by droplet size in emulsions or phase distribution in surfactants. In products that are composite 

systems (e.g., two-phase products, wet wipes, masks: various carriers for the product), measurement 

uncertainties are also to be expected as a result of distribution issues. 

 

Measurement uncertainties caused by distribution issues can be reduced, for example, by the 

following approaches: 

 

- Sampling based on the product characteristics and empirical data. For example: during or 

after critical process stages, spread out over time, and in sufficient numbers for batch sampling. 

- Ensure sample sizes are large enough to detect a wide range of microorganisms. If necessary, 

use composite samples from multiple samples. 

- For inhomogeneous products or those that are difficult to process, the number of samples 

should be increased if necessary.   

- Also, uneven distribution of test microorganisms due to potential distribution issues with 

preservative or specific product structures (e.g., O/W emulsions): compensate for highly variable 

microbial counts by increasing the number of samples. 

 

4. Description of deviations in quantitative analyses 

Due to various factors described above (see Sections 1 and 3), measurement uncertainties and 

resulting variations in results may occur during microbial count tests. A distinction must be made 

here between repeatability (when the test is performed by the same person using the same method) 

and reproducibility (different person, but same method), with the former exhibiting a smaller range 

of variation [13, 14]. Resulting ranges of variation are generally listed as estimated ranges of 

deviation for the obtained result values. However, the use of an estimated range of deviation for 

specified limit values can also account for the variation in result values, since extensive investigations 

to precisely determine the various measurement inaccuracies are usually not feasible. 

Microbiological counts are determined by counting the colony-forming units on solid culture media 

and extrapolating the results to the product volume (see 3.1). For the determination of results, the 

number of CFU per plate (90 mm) or filter (55 mm) should be 25–250 or 20–80 [17], but ranges such 

as 30–300 or 15–150 are also specified, for example, in ISO 11930 [4]. However, the type of 

microorganism and its growth characteristics should also be considered, so that for molds and 

swarming bacterial species, the upper limits must be significantly reduced due to the limited ability 

to count colonies. For example, ISO 16212 [12] specifies a count range of 15–150 for fungi. To 

account for measurement deviations, the use of appropriate confidence intervals for the limits of the 

above-mentioned ranges is also recommended in ISO 7218, Annex B [18]. It is generally assumed that 

the colony count result is calculated as the average of two plate readings. Precision can be improved 

by increasing the number of plates, although this is limited by the amount of effort involved [15]; 

however, it appears reasonable for certain product types, for example, when fluctuations in results 
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are expected (see 3.3). The calculation of the microbial count from the colony counts depends on the 

extent of contamination and the test procedure.  

Where high contamination counts are present (in cosmetics, e.g., in cases of severe contamination or 

when determining the initial bacterial count in the PET) and when using count plates from two 

different dilution levels, a weighted average should be calculated [10, 11, 16]. For lower bacterial 

counts and the evaluation of only one dilution level, the arithmetic mean is used for the calculation. 

The uncertainty in determining the bacterial count increases as the number of microorganisms in the 

product decreases [5, 9, 15]. Thus, for numerical values below the aforementioned ranges for the 

counting range, a higher probability of error must be assumed [15]. Particularly with cosmetic 

products, we often deal with low contamination counts due to the low limit values specified, and 

colony counts must be used that fall below the aforementioned desirable colony count ranges. 

However, one should be aware of the reduced measurement accuracy in such cases.   

The calculated microbial count in the product is usually described using logarithmic values (1log 

microbial count1). It can be assumed that these resulting microbial count results belong to a 

population that can be described by a Poisson distribution [2, 17]. Accordingly, an estimated 

standard deviation (s) can be specified, which, given a defined, technically correct test procedure and 

homogeneous samples, reaches a value of s = ± 0.1 log units (at a 95% confidence interval) [14].  

This standard deviation refers to measurement uncertainties arising from the technical procedures 

used to determine the plate count results (see Section 3.1). However, there are usually additional 

factors that affect the accuracy of the results, such as those discussed in Sections 3.2 and 3.3. 

Therefore, the estimated value of the standard deviation is often multiplied by a factor of 2 

(expansion factor k=2) to account for an “expanded” measurement uncertainty [9, 13]. In the 

cosmetics sector, for example, ranges of variation (= range of results) of ± 0.2–0.3 log units (95% 

confidence interval) are frequently found, but values of ± 0.5 log units are also used [14]. It should be 

noted that such ranges of variations are, in any case, only estimates. In the food sector, comparable 

expanded standard deviations in the range of ± 0.2–0.8 log units are cited [2]. Different values may 

result from specific experimental objectives or methodological conditions. Greater measurement 

uncertainties (wider range of result values) arise from increased factors influencing the results, such 

as sampling and measurements taken at different times, efficacy or decay kinetics during 

preservation, and specific product preparation for sampling.  

Measurement uncertainties may be considered when assessing compliance with limit values using 

various models [9, 18, 19]. These models specify the extent to which the xmin and xmax values of the 

measured data (the range defined by xmin as the minimum and xmax as the maximum result) must 

also meet the specified limit values. Finally, a different approach is used in which the range of 

variation of the individual measured values is disregarded and a permissible deviation range is 

considered when determining the limit value (for example: purity specifications for cosmetics in 

Section 6.2 (+0.3 log units) and reduction factors in the PET in Section 7.2 (±0.5 log units)). 

  

 

 

                                                           
1 All logarithmic values in the text should be understood as logarithms to the base 10 (log10) 
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5. Proficiency tests and measurement uncertainties 

Measurement uncertainties can be identified through variations in results during test procedures or 

in repeat tests conducted in the own laboratory. However, it is also important to be able to compare 

the internal results with those of other laboratories in order to identify indications of measurement 

uncertainties. Such a comparison is important for determining microbiological purity and thus for 

compliance with limit values. But comparability can also provide valuable insights into the results of 

the PET.  

Participation in an proficiency test enables a laboratory to compare its own testing performance for a 

defined ( preferably validated) method and for a specific parameter with other laboratories. An 

assessment of comparability within an interlaboratory test is only possible under comparable 

conditions (e.g., identical method, identical sample batch, etc.). The laboratory’s own measurement 

uncertainty, and thus a statement regarding internal repeatability for the application of a specific 

method, should have been determined internally in advance, at least if accreditation is in place. 

Depending on the sample structure, a laboratory’s measurement uncertainty (repeatability) can also 

be calculated based on the laboratory results within an proficiency test and is incorporated into the 

corresponding laboratory result in the form of repeated measurements on several identical samples. 

During the evaluation of a proficiency test, an increased laboratory-specific measurement 

uncertainty may result in the respective laboratories being removed from the dataset as a statistical 

outlier and thus having no influence on the calculation of the assigned value (xpt) and the associated 

standard deviation (SDPA = standard deviation proficiency assessment). A direct assessment of the 

respective laboratory measurement uncertainty is generally not performed; rather, it is carried out 

indirectly as part of a proficiency test through an evaluation of the reproducibilty of the laboratory 

results. The calculated measurement uncertainty (if statistically feasible) can be made available to 

the laboratories for informational purposes. It is then the internal responsibility of the affected 

laboratory to determine the reasons for the deviations and, if necessary, to take corrective action. 

As part of the performance evaluation of laboratories with regard to    of results, e.g., in the context 

of z’-score calculation (95% uncertainty interval), the 2-fold standard deviation (SDPA) based on the 

current proficiency test dataset ultimately serves as the criterion for a positive evaluation (z’-score ≤ 

|2|), within which the laboratory’s reported results must fall.  

Using a simple example for the parameter “aerobic total count” in the O/W emulsion matrix, an 

evaluation of DRRR proficiency test data according to the methods ISO 21149 [10] / Ph.Eur., 2.6.12 

(TSA / CASO) [20] reference values and associated SDPA values in Table 1. 

Proficiency testing schemes are also an essential component of normative method validation (e.g., in 

the food sector in accordance with ISO 16140-2 [21]). Strict compliance with the normative 

requirements of the test procedure is mandatory and enables the determination of precision data for 

repeatability r, repeatability standard deviation sr, reproducibility R, and reproducibility standard 

deviation sR in accordance with ISO 5725-2 [22]. The data thus obtained are published in the revised 

standard and subsequently serve as method-specific performance benchmarks for user laboratories 

in their routine work. 
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Table 1     Presentation of calculated assigned values (xPT) and corresponding standard deviation 

(SDPA) from DRRR  proficiency tests (2018–2024). 

Parameter  aerobic total count 

Matrix O/W emulsion 

DRRR PT number 
assigned value  

[log10 CFU/g] 

SDPA  

[log10 CFU/g] 

180700 3.119 0.076 

190713 3.449 0.212 

200732 3.232 0.088 

210860 2.923 0.115 

221122 3.424 0.079 

231122 3.477 0.132 

241122 3.585 0.114 

 

At present, no normative precision data from validation interlaboratory comparisons are At 

present, no normative precision data from validation interlaboratory comparisons are available for 

microbiological methods in the cosmetics sector. By way of example, such precision data could also 

be calculated from the DRRR2 interlaboratory comparison results for the parameter “aerobic total 

viable count” (see Table 2). 

Table 2    Presentation of precision data from DRRR proficiency tests (2018–2024) and from DIN EN 

ISO 4833-1 (food) 

Precicion data [log 10 CFU/g] r sr R sR 

DRRR- proficiency tests 

(calculated) 

0.160 0.056 0.369 0.130 

DIN EN ISO 4833-1  0.250 0.088 0.450 0.159 

 

A comparison of these calculated data with existing precision data for a comparable, validated 

method in the food sector according to ISO 4833-1 [23] shows that the data are at a similar level. 

Finally, it should be noted that the more complex the respective analytical method is and the more 

unstable a microorganism (mortality rate) is in the respective sample matrix (e.g., due to effective 

preservation, pH value, etc.), the greater the measurement uncertainty ultimately is for the 

respective method and also for the respective sample material used. It has already been pointed out 

(see 4) that measurement uncertainty increases when the number of microorganisms in the product 

decreases. This must be considered, particularly in the context of PET. Thus, rapid mortality kinetics 

of test microorganisms due to highly effective preservation led to significantly reduced numbers of 

surviving microorganisms even after short exposure times, resulting in increased variability and 

uncertainty in the results. Consequently, such tests create conditions that differ significantly from 

those encountered, for example, with stable sample material, which is tested only once, e.g., in 

accordance with ISO 21149, for the parameter “ aerobic total count” (see above). 

Proficiency test results demonstrate that such conditions and other influencing factors can lead to 

increased variability in results and differences between laboratories when conducting the PET. Since 

the PET result is critical to the product’s safety assessment, such measurement uncertainties must be 



   

 
 
 
 

 

9 

handled responsibly. Thus, in the context of the PET proficiency test [24], the GÖCH points out that, 

considering recognized result variations, other aspects (e.g., 

inactivation kinetics, product history, complaint statistics) must absolutely be included in the 

evaluation of preservative efficacy in addition to the PET results. 

  

6. Product purity testing 

To ensure compliance with specified microbiological purity requirements for cosmetic products, 

control tests must be conducted throughout the various processes. Testing and evaluation are 

required not only as part of the final release testing but also, for example, during processing, 

transport, and storage, as well as for samples submitted in response to customer complaints from 

the market. In addition to the fundamental factors affecting measurement accuracy, and thus the 

reliability of results, in such tests, which were already discussed in Chapters 1, 2, and 3, further 

specific aspects are addressed below. 

 

6.1 Factors affecting the enumeration of microorganisms in the Product 

As previously mentioned, measurement uncertainties caused by matrix effects must be given special 

consideration in microbiological product testing. Due to the large number of different product types, 

different processing procedures must be used. While products that are highly water-soluble 

generally pose no problems during sample preparation for bacterial count determination, issues with 

inhomogeneity in other product types can negatively impact the uniformity of the count results.  For 

example, O/W emulsions can usually be distributed uniformly in the aqueous diluent, whereas W/O 

emulsions typically require additives to release and distribute the microorganisms present (e.g., 

addition of Tween 80). In general, products with high viscosity or poorly soluble, possibly anhydrous 

products are more likely to exhibit variations in results. It is therefore always particularly important 

to ensure thorough mixing of the initial dilution (1:10) when taking the sample. For products that are 

difficult to disperse, an increased number of samples is recommended to obtain more reliable 

bacterial count results.  

Product-specific factors that can influence microbial count measurements also include antimicrobial 

ingredients used for preservation. These are not only significant for the growth of contaminating 

microorganisms and must be neutralized to prevent growth inhibition (see Section 3.1). Preservatives 

require a certain amount of time to take effect, so positive results may appear if product testing is 

conducted too soon after manufacture, as the preservatives have not yet become fully effective.   

Since the distribution of microorganisms in the product has a significant impact on the results of the 

product contamination test, the sampling method used as the basis for the test also influences the 

count result (see Section 3.2).  In the cosmetics industry, testing is typically conducted with a small 

number of samples and small sample volumes relative to the batch sizes. It is therefore essential to 

ensure that the sampling frequency and sample volume are tailored to experience, the test 

procedure, the product type, and the manufacturing process. Irregularities in product contamination 

during the manufacturing/filling process are possible, as sources of contamination are not evenly 

distributed throughout the production facility (e.g., biofilm deposits, contamination areas on poorly 

rinsed equipment components). The extent to which introduced contaminants are distributed often 

depends on the product type (e.g., localized contamination is more common in products with higher 
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viscosity) and on the extent to which distribution is achieved through subsequent process steps (e.g., 

timing of contamination in the process flow, mixing effects). However, uneven distribution of 

preservatives can also lead to the survival or even proliferation of microorganisms in various product 

areas. Examples can be found in W/O emulsions [25] or at the surface of highly viscous products [26]. 

 

6.2 Guidelines for limit values in cosmetic products 

Limit values for the presence of microorganisms in cosmetic products must be established in 

accordance with the German Cosmetic Products Ordinance (KosVO) [1]. Typically, the specifications 

in ISO 17516 [3] are used for this purpose, which, in addition to the exclusion of specified 

microorganisms, include limit values for the total viable count (TVC) per 1 g or 1 mL. Quantitative 

microbiological product testing is performed to verify compliance with these limit values. When 

validating the test method according to ISO 21149 and ISO 16212 [10, 11], measurement 

uncertainties are considered to the extent that results (control and product-related value) must be 

considered different if the reduction in microbial count relative to the control is > 0.3 log units. In the 

testing procedure to verify compliance with the limit values according to ISO 17516, an exceedance 

of the limit value by a deviation of 0.3 log units is permitted (for a limit value of 100 CFU/g or ml, 

results of 200 CFU/g or ml are permissible, and for a limit value of 1000 CFU/g or ml, results of 2000 

CFU/g or ml are permissible). Here, an estimate of the measurement uncertainty is considered 

directly when setting the limit value, without considering the deviations in the individual results (see 

above, models for meeting the limit value requirements in Chapter 4). The permissible deviation 

proposed by ISO is consistent with other similar specifications (e.g., Ph. Eur. [20] and USP [27]).  

 

7.Conducting the preservative efficacy test  

The assessment of microbiological stability in the PET is an essential component of ensuring the 

microbiological quality and safety of cosmetic products and is therefore also required by the 

Cosmetics Regulation (KosVO) [1]. When conducting the PET, quantitative statements are also made 

regarding the microbial count in the product, from which sufficient microbiological stability is 

inferred [4, 5]. Therefore, the significance of measurement uncertainties must also be examined in 

this context.  

 

7.1 Factors affecting earnings 

Since the PET also involves testing cosmetic products, considerations such as those described in the 

previous chapters for purity testing must naturally also be considered. However, there are additional 

specific aspects regarding measurement uncertainties when conducting the PET. 

Although the Cosmetic Products Ordinance (KosVO) requires the results of a PET (Annex I, Part A, 3.), 

this can only be mandatory for products to which the test is applicable. The methodological conduct 

of the test is not prescribed but is the responsibility of the manufacturer [28]. However, performance 

in accordance with ISO 11930 [5, 29] is recommended, but deviating methods or evaluations are also 

permissible if appropriately justified. 

When conducting PET, it is important to note that the initial conditions differ from those of the purity 

tests described above (see Section 6). First, the test uses artificial product contamination, which 
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results in significantly higher initial bacterial counts compared to real-world conditions (in the range 

of 10⁵ to 10⁶ CFU/g). On the other hand, small product quantities are used for the tests (usually 20 g), 

which should be thoroughly mixed as a whole both during product contamination and when 

sampling the quantities for analysis at the test times. This results in significantly improved 

distribution conditions for microorganisms. However, the issues of the product matrix and the 

distribution of microorganisms are also of essential importance here (see Sections 3.2 and 3.3). 

Mixing and processing the samples to achieve good homogeneity in the distribution of 

microorganisms is, for example, significantly more difficult with highly viscous products. 

Requirements for mixing contamination and reprocessing methods (e.g., ISO 11930) are difficult to 

standardize, resulting in methods and intensities that often vary by laboratory and staff. This is not 

only significant in terms of detecting microorganisms during microbial count determination but also 

plays an important role with regard to the effectiveness of preservation. Thus, the distribution of 

active ingredient molecules and their “bioavailability” can also significantly influence the results. 

Such relationships are observed and described, for example, in the product group of W/O emulsions 

[25].  

Finally, it should be noted that in the PET, the resistance of the test microorganisms can depend 

significantly on the pre-culture. Specified or established culture conditions and holding times 

(storage until the test is conducted) must therefore be strictly adhered to obtain results that are as 

comparable as possible. In any case, certain variations in the resistance of the test microorganisms 

cannot be entirely avoided. 

The extent to which variations in results occur during PET testing is evident from a series of 

interlaboratory tests conducted by the GÖCH [24] (in accordance with Ph. Eur. 5.1.3 [21]). In general, 

the tests show that measurement uncertainties are lower for results obtained within a single 

laboratory than when results are compared across different laboratories. Furthermore, greater result 

variability is to be expected as the bacterial count being tested decreases, that is, over time due to 

the preservative effect (see also Sections 3.3 and 4). Thus, the range of variability is smaller in the 10⁵ 

CFU/g range than in the 10³ CFU/g range. This is particularly significant because a reduction in 

bacterial count to the range of 2–3 log CFU/g is specifically required for the evaluation statement 

after 7 or 14 days. Furthermore, significant differences in the inactivation kinetics of the test 

organism S. aureus were observed in the three interlaboratory tests, without a clear explanation. 

However, the findings do not appear to be due to measurement inaccuracy. The results presented 

suggest that the methodological approach used in conducting the tests has a significant influence on 

the extent of variation in the results. Accordingly, the cause may be either insufficient adherence to 

test specifications or the lack of sufficiently precise operating procedures. 

It goes without saying that results from comparative studies in PET are not necessarily due solely to 

measurement uncertainties, as described above. Rather, it must be considered that changes in 

formulation and manufacturing can lead to variations in preservative efficacy and, consequently, to 

variations in results. Time and again in such cases, too little attention is paid to how changes in 

formulation and manufacturing methods affect preservative efficacy [5, 28]. 

 

7.2 Guidelines for microbial count statements within the framework of the PET 

When determining the germ count in the PET, it must also be assumed that there is variability in the 

numerical results, as discussed in Section 3. In ISO 11930 [4], due to these fluctuations, a deviation of 
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± 0.5 log units is specified as acceptable for the respective required logarithmic reduction factor Rx. 

This deviation is also used as the basis for the “no increase” (NI) assessment. In the USP, Chapter 51 

[27], for example, a corresponding deviation range is used. Thus, deviation ranges are also defined 

here for the limit values to be applied in the test to determine efficacy, while deviations in the 

determined microbial counts are not considered (see also Section 4).  

 

8. Requirements for valid microbiological findings 

Microbiological testing involves measurement uncertainties that are due, on the one hand, to the 

biological characteristics of the microorganisms in question, but also, on the other hand, to the 

technical conditions under which the testing is conducted and the material characteristics of the 

cosmetics being tested. This applies to qualitative test findings, but especially to quantitative test 

results. Nevertheless, the results must be evaluated within the framework of microbiological quality 

requirements and with regard to appropriate risk management to ensure microbiological product 

safety as required by the Cosmetics Ordinance (KosVO). 

 

To meet these requirements, the following conditions must generally be met: 

- Sufficiently qualified personnel must be assigned to test planning, test execution, and the 

resulting evaluation. 

- Test methods must be adequately defined, and specifications must be reliably followed. 

When defining the test, product type and sampling must also be considered. 

- Variations in results (measurement uncertainties) must be considered when evaluating 

test results. 

- Test results must not be considered as isolated values but must always be evaluated 

within the overall context. This is made possible using a quality management system 

(QMS) that requires a holistic approach. 

- Stress tests should not be conducted only once during the development process. 

Multiples such tests (samples from: development, upscaling, production, stability testing) 

can confirm efficacy claims and identify potential changes (formulation, manufacturing) 

that must be evaluated in the context of risk management. 

- Individual observations must not be neglected. Such occurrences/results should always 

be used as a starting point to identify causes and reasons for potential weaknesses and 

risks and to implement improvements.    
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