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Abstract
Introduction and Objective. The article presents the methodology of preparing a cosmetic sample for analysi, and the 
creation of a dataset for teaching artificial intelligence to recognize specific species of microorganisms in cosmetic samples 
in terms of compliance with the ISO standard document, to develop of the Microorganism Detection System (SDM). �  
Materials and method. Methodology of preparation a cosmetic sample for testing covers the steps from taking a cosmetic 
sample to obtaining separated living microorganisms through staining to photos, which in the final stage are used for analysis 
of the purity of cosmetics by SDM, as well as for learning and testing of the deep convolutional neural network (CNN) for 
detecting and classifying cells of specific species of bacteria, fungi and yeast in cosmetics, according to the document of 
standard PN-EN ISO 17516–2014:11. �  
Results. A new techique was devised for preparing a cosmetic sample for the development of Microorganism Detection 
System (SDM) software, and artificial intelligence learning to recognize specific microbial species. Based on metod 
demonstrated, the Intelligent algorithms of SDM proved to be effective in counting and recognizing specific microorganisms 
(average accuracy for Candida albicans – 97%, Escherichia coli – 76%, Pseudomonas aeruginosa – 70%, Staphylococcus aureus 
– 85%), which are the most important species for the assessment of the purity of cosmetics. In addition, the reproducibility 
of the developed method was verified, and the results obtained were comparable to the breeding methods currently used, 
based on specific standards. �  
Conclusions. The experiments confirmed the high sensitivity and specificity of the SDM method, its repeatability and, 
above all, the comparability of the results with clasic methods of European standards.
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INTRODUCTION

Legal regulations in the European Union obligated all 
producers to create cosmetics that are safe for humans 
to use [1, 2]. One of the basic conditions for this safety is 
their microbiological purity. The causes of microbiological 
contamination of cosmetics may result from the lack of 
hygiene in the technological process, as well as the cleanliness 
of the raw materials used, especially quality of the water [3].

On the one hand, an excessive presence of bacterial 
flora in a cosmetic product reduces its quality (change of 

consistency, colour, unpleasant smell), while on the other 
hand, it may cause ailments and diseases in consumers [4, 5], 
for example, direct contact with the bacterium Pseudomonas 
aeruginosa present in a mascara, can cause eye damage 
or corneal ulceration, while Klebsiella pneumoniae from 
contaminated body cream can cause local dermatitis [6]. 
Additionally, accumulated microbial metabolites can cause 
local inflammatory reactions or various allergic reactions at 
the application sites [7].

Effective testing of the microbiological purity of cosmetics 
requires a number of different methods and analyzes that 
should meet a number of criteria [8]. In bacteriological 
testing of cosmetic preparations, the key factor is the time 
and sensitivity of the analysis, as the presence of even a 
small amount of the pathogen may already constitute an 
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infectious dose. The most important limitations regarding 
the usefulness of microbiological testing is to quickly identify 
the bacterial contaminations and treat them before they do 
irreversible damage [7].

Traditional microbiological tests and methods used for 
the qualitative and quantitative detection of pathogens in 
cosmetic preparations are sensitive, inexpensive and provide 
fully reliable information that meets the requirements 
imposed on cosmetics producers by the Regulation of the 
European Parliament and of the Council of Europe ​(No. 
1223/2009 / EC of 30.11.2009) and national standards 
(including PN-EN ISO 17516: 2014–11) [1, 2].

However, their disadvantage is the high labour-intensity 
and time-consuming process associated mainly with a long 
24–72 hours of incubation, and growth and multiplication of 
the microorganism [9]. They often require additional culture 
on differentiation media, preparation of specimes and their 
microscopic verification, and/or the analysis using other 
diagnostic techniques, such as flow cytometry, molecular PCR 
methods, or technologies using the so-called biosensors [10, 
11]. Additionally, to perform such analyzes, a well-equipped 
microbiological laboratory and highly qualified technical 
staff are required. These factors make the monitoring and 
assessment of the microbiological condition of the cosmetics 
in the production process, in accordance with applicable 
standards and regulations, a specialist process, increasing the 
cost of cosmetic production and therefore often unavailable 
to small production companies [9, 12].

Despite the continuous development of research, 
creating detection systems that can specifically distinguish 
target bacteria in a matrix with multiple organisms, with 
characteristics of adaptability and sensitivity to detect 
different microorganisms, while working online in real 
time, is a big challenge [13–16]. The answer to this problem 
may be the Microorganism Detection System (SDM) for the 
detection of specific microorganisms in accordance with 
the PN-EN ISO 17516–2014: 11 standard [1], developed by 
specialists from the consortium of the NVT Sp. z o.o. and the 
Institute of Rural Health in Lublin, Poland. This system in an 
innovative way in real time which determines the acceptable 
levels of bacterial contamination of cosmetic products, 
through the use of artificial intelligence (AI) to optimize 
the microbiological control process of cosmetics with the 
use of algorithms for microscopic image interpretation. [17]. 
In addition, the SDM can remotely perform microbiological 
analysis, which is an international breakthrough in the way 
that routine microbiological safety testing of industrial 
products is performed [17].

An integral part of the presented SDM, in addition to its 
SDM programme part, is the methodology of preparing a 
cosmetic sample, developed by the research team from the 
Institute of Rural Health. Also, the methodology covers the 
creation of a dataset consisting of photos of Candida albicans, 
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus 
aureus, separately and in various bacterial matrix from 
microscope slides. The dataset in the final stage were used 
to design SDM software and teach the deep convolutional 
neural network (CNN) for detecting and classifying cells 
of specific species of bacteria, fungi and yeast in cosmetics 
[15, 16, 17].

The aim of this article is to propose the methodology of 
preparing a cosmetic sample for the development of SDM 
software and artificial intelligence learning to recognize 

specific microbial species according to the document of 
standard PN-EN ISO 17516–2014:11 [1].

MATERIALS AND METHOD

The methodology of preparation of a cosmetic sample for 
testing covers the steps from taking a cosmetic sample to 
obtaining separated living microorganisms through staining 
to photos, which in the final stage are used for analysis of 
target microorganisms in samples of cosmetics by the artificial 
intelligence of the SDM [17]. The SDM project assumed the 
development and adaptation of such a method of preparing a 
cosmetic sample as to omit the stage of microbial cultivation, 
which would speed up assessment of the microbiological 
purity of cosmetics.

Methods for obtaining separated live microorganisms and 
its staining from cosmetics. The research team from the 
Institute of Rural Health tested numerous variations of the 
methods, based primarily on the methods of concentration: 
flotation, sedimentation, centrifugation in a concentration 
gradient, and filtration to obtaining separated living 
microorganisms.

Next, a method was sought of complex staining, so that in 
one microscopic preparation it was possible to simultaneously 
evaluate bacteria, yeasts and moulds, and the photos taken 
were useful for creating the SDM [16, 17]. Many simple 
dyeing methods were tested, including: Congo red, nigrosine, 
safranin, basic fuchsin, malachite green, crystal violet, eosin, 
and Sudan black. How each dye behaved was assessed in 
staining bacteria, yeasts and moulds, and which dyes would 
be useful for detecting microorganisms through artificial 
intelligence. Finally, after numerous experiments with the 
use of various methods of staining, fixing the preparation 
or the use of various types of filters, the final method of 
staining was approved. This method consists in staining 
filter purified microorganisms from a cosmetic sample on 
a membrane, performed using a vacuum filtration kit and 
a modified Gram method. The obtained filter with stained 
microorganisms is dried and transferred to a microscope 
slide for photos to be taken which are analyzed for specific 
microbial species using the SDM.

Creation of a deep-learning dataset. To create the dataset, 
data consisting of 5 sets of images were used. Each set 
contained 5 images taken of 19 microorganisms (within 
4 specific microorganisms): Bacillus subtilis, Candida 
albicans, Candida dubliniensis, Candida glabrata, Candida 
tropicalis, Escherichia coli, Enterococcus faecalis, Klebsiella 
pneumoniae, Listeria monocytogenes, Morganella morganii, 
Pseudomonas aeruginosa, Proteus mirabilis, Proteus vulgaris, 
Rhodococcus equi, Streptococcus agalactiae, Staphylococcus 
aureus, Staphylococcus epidermidis, Serratia marcescens and 
Salmonella typhimurium from ATTC and NTCT collections. 
Spore photos of various molds were also used to enrich the 
base [17, 18].

This dataset was used to train and test the artificial 
intelligence (AI) algorithms of SDM for recognizing and 
counting specific microorganisms: Candida albicans, 
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus 
aureus, which are the most important species for assessment 
of the purity of cosmetics, as well as assigning all 
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microorganisms into the following groups: bacteria, yeasts 
and moulds [17].

The suspensions of microorganisms in Ringer’s fluid or 
PBS buffer (Merck KGaA, Darmstadt, Germany) with known 
cell numbers were used to prepare the original photos, which 
were then stained with a modified Gram’s method (as in 
the cosmetic’s sample). The concentration of the suspension 
was measured densitometrically, and the suspensions of 
microorganisms diluted in Ringer’s fluid or PBS to a final 
concentration of 1/100 CFU per 0.1 mL. From 0.1 mL of 
diluted suspensions, after Gram staining the original photos 
were prepared, as well as counting cells in the suspensions 
they were spread on a Tryptone-Soja agar or Sabourand-
Dextrose plate (Biomaxima, Lublin, Poland), and incubated 
at the appropriate temperature.

Microscopic photos of microorganisms. Numerous 
photos from microscopic slides stained with Gram staining 
modifications were taken. Next, photos from microscopic 
slides were sent to the Consortium member NVT for the 
purpose of creating SDM software and learning artificial 
intelligence to recognize specific species of microorganisms.

The images were taken with an Olympus CX43 Biological 
Microscope equipped with a SC180 camera (Olympus 
Corporation, Japan). They were evaluated using a 100 
times objective under oil-immersion (Olympus RI n=1.516, 
Japan). The images were taken at the maximum resolution: 
4912x3684, 96 dpi.

RESULTS AND DISCUSSION

The research team of the Institute of Rural demonstrated the 
methodology of preparing a cosmetic sample for rapid and 
in real-time detection by SDM of specific microorganisms 
accordance with the PN-EN ISO 17516: 2014–11standard, 
(Candida albicans, Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus aureus) and giving an answer whether the 
tested product complies with it. This standard defines 
the acceptable levels of microbiological contamination in 
accordance with the category of the cosmetic [1].

The final, validated by us methodology for the preparation 
of cosmetic samples consists of the following steps: weighing 
1g / 1ml of the sample, adding Tween 80 and Ringer’s fluid (or 
PBS buffer), vortexing to obtain a homogeneous suspension, 
applying a sucrose density gradient to a properly prepared 
gradient, placing it in water bath, centrifugation, gradient 
solidification, removal of the upper phase, addition of 
sterile distilled water, centrifugation, placing the sediment 
in the Percoll density gradient, centrifugation, purified 
microorganisms are at the phase boundary of individual 
densities from where 1 ml is taken for the next stage – staining 
on the filter.

Staining on the filter (membrane filter Sartorius, 0.4 
μm, Germany) was performed using a vacuum filtration 
kit (Diaphragm pump LABOPORT® N86 KT.18, KNF, 
Germany). The sample is passed through a filter, fixed 
with ethyl alcohol, stained with crystal violet, rinsed with 
distilled water, Lugol’s solution is added, decolorized with 
ethyl alcohol, rinsed with water, stained with carbol fuchsin, 
rinsed with distilled water. Each of the mentioned staining / 
washing steps is carried out for an appropriate time with an 
appropriately set vacuum pump, and the added reagent is in 

a specific, experimentally verified volume. The thus obtained 
filter with stained microorganisms is dried and transferred 
to a microscope slide, takes microscope photos. The photos 
we made, were used for creating and learning of algorithms 
of SDM for microscopic image interpretation [19–21].

It is worth noting that, the exact methodology of sample 
preparation and staining together with the software of the 
SDM form mutually dependent parts and are provided only 
to cosmetic companies cooperating with the Consortium.

Based on showed method of separation, concentration 
and staining on the filter, the Intelligent algorithms of SDM 
turns out to be effective in counting and recognizing specific 
microorganisms: Escherichia coli, Staphylococcus aureus, 
Candida albicans, Pseudomonas aeruginosa, which are the 
most important species for the assessment of the purity of 
cosmetics and in assigning all analyzed microorganisms to 
the following groups: bacteria, yeast and mold.

The results of CNN, for the test data, obtained an average 
accuracy of 80%, but a more detailed analysis showed that 
for some microorganisms the obtained results were much 
higher (Candida cells over 95% accuracy) or lower (Proteus 
vulgaris cells 59% accuracy). However, from the point of 
view of the SDM, the most important point was to recognize 
specific microorganisms: Candida albicans, Escherichia 
coli, Pseudomonas aeruginosa, and Staphylococcus aureus. 
For these bacterial cells, an overall identification accuracy 
for Candida albicans – 97%, Escherichia coli – 76%, 
Pseudomonas aeruginosa – 70%, Staphylococcus aureus – 
85%, were obtained [17]. In addition, the reproducibility of 
the developed method was verified and the results obtained 
were comparable to the breeding methods currently used, 
based on specific standards. In summary, the SDM system 
proved to be effective in recognizing and counting the 
microorganisms listed in the document of standard PN-EN 
ISO 17516–2014:11 [1, 17].

As an option for testing the methods useful for bacterial 
separation and concentration, chemical, physical, 
physicochemical or biological approaches were used. For 
this purpose, flotation, sedimentation, centrifugation in a 
concentration gradient, filtration on filters, and some other 
techniques with numerous modifications, were used [21, 22, 
23, 24]. The separation and concentration schemes, applied 
singly or in combination, were aimed to provide a sample 
with a high recovery of viable target microorganisms, and 
its cleaning from various pollutants [21].

After trying different techniques for staining 
microorganisms, it was decided to use the Gram method with 
numerous modifications [20, 25, 26, 27]. Gram staining is the 
most basic technique for bacterial identification, as well as a 
method for differentiating the bacterial species based on their 
chemical and physical properties into Gram-positive and 
Gram-negative groups. However, not all microorganisms can 
be definitively classified by this technique, and the staining 
method is a valuable diagnostic tool for determining the 
identity of a specific microbiological sample. The results of 
the CNN for the test data confirm the effectiveness of this 
staining technique. The accuracy rate for the classification 
of the photos was from 70% (Pseudomonas aeruginosa) 
to 97% (Candida albicans), which shows that the parameters 
of  staining assessed by the algorithm can differentiate 
between microorganisms groups. The differences in accuracy 
probably occurred due to limitations in the original training 
data.
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The procedure from the Gram staining of cells to automated 
image analysis were used have been used in some studies. 
Experimental research using the CNN algorithm in image 
processing to analyze bacterial cells using Gram’s differential 
staining is very limited. By using deep learning, the computer 
system was taught to recognize and distinguish 33 species 
of bacteria Gram stained with an accuracy of recognition 
of 97.24 ±1.07% [28]. This procedure for staining was also 
proposed in 2018 by Smith et al. [20] in a study using CNN 
for the automated analyses of cells from blood culture. The 
authors used deep neural networks and the Gram staining 
method, by which they obtained sensitivity and specificity 
of 98.4% and 75.0%, respectively, for Gram-positive cocci in 
chains and pairs, 93.2% and 97.2% for Gram-positive cocci 
in clusters, and 96.3% and 98.1% for Gram-negative rods. 
They also indicated that the analysis of the image of Gram-
stained microbes by artificial intelligence may have a unique 
application in clinical microbiology [20].

CONCLUSIONS

This article proposed a methodology for preparing a cosmetic 
sample for the quick detection and classification of specific 
microbial species by SDM, according to the document of 
standard PN-EN ISO 17516–2014:11 [1], with the use of deep 
neural networks. The SDM system proved to be effective in 
recognizing and counting Candida albicans, Escherichia 
coli, Pseudomonas aeruginosa, and Staphylococcus aureus, 
which are the most important species for the assessment of 
the purity of cosmetics, and in assigning all microorganisms 
to the following groups: bacteria, yeasts and mould.

New methods of testing the microbiological purity of 
various products, including cosmetics, are constantly 
being sought. Ensuring the purity of products is important 
for  producers as well as consumers who are increasingly 
aware of the choice of products. An important issue is 
also the reduction of the analysis time, which is important 
for the  manufacturer who wants quick confirmation of 
the purity of the obtained substrate, or the purity of the 
finished product. Deep machine learning and the analysis 
of microscopic images seem to  be promising tools in 
microbiological analysis, which is confirmed by the presented 
research, as well as the results of other authors [20,28–31]. 
Machine learning can significantly shorten the analysis time 
and reduce its costs while ensuring a high repeatability of 
results.
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