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Abstract: Prokaryotic and eukaryotic microorganisms cause spoilage of produced dairy and fat-and-oil products. 
In addition, these products can be contaminated with pathogenic microorganisms. The standard practice of detecting 
bacterial pathogens is based on the cultivation of microorganisms due to which the analysis lasts from 5 to 7 days. 
Molecular genetic methods can reduce the analysis time to 1–2 days. In this paper, the ready-made commercial products of 
the dairy and fat-and-oil industry have been analyzed for the microbiological composition using classical DNA barcoding 
and DNA metabarcoding. During the study, representatives of the genera Pseudomonas, Bacillus, Lactococcus, Kocuria, 
Staphylococcus, Moraxella, Paucisalibacillus, Acinetobacter, Klebsiella, Paenibacillus, Lysinibacillus, Enterobacter, 
Acetobacter and Massilia have been defined. When analyzing the quantitative ratio of microorganisms, it was revealed that 
dairy and fat-and-oil products are most often seeded with Bacillus sp., among which Bacillus licheniformis (16.67% of 
colonies) and Bacillus subtilis (11.4% of colonies) can be distinguished. Among Pseudomonas sp., Pseudomonas 
fluorescens (19.3% of colonies) are the most numerous. Lactococcus lactis, Acetobacter indonesiensis and Moraxella 
osloensis bacteria also significantly contaminate dairy and fat-and-oil products. Mayonnaise is contaminated with yeast 
of the Pichia genus. The analysis revealed opportunistic pathogenic species: Staphylococcus warneri, 
Staphylococcus epidermidis, Klebsiella pneumonia, Bacillus cereus, Vibrio sp. The presented method for detecting 
microbial contamination using an Ion torrent PGM platform seems promising for the rapid testing of the produced dairy 
and fat-and-oil products. 
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INTRODUCTION 
The manufacturers of dairy products, mayonnaise and 

other food ingredients are currently faced with the 
problem of contaminating products with prokaryotic and 
eukaryotic microorganisms that cause product damage, as 
well as pathogenic microorganisms. Water, industrial 
equipment, workers, inward raw materials, etc. may be the 
source for microorganisms to get into products [1]. All 
groups of the population are exposed to the risk of 
contamination by pathogenic microorganisms due to the 
consumption of contaminated food products, however, 
infants, elderly people and people who have a weakened 
immune system tend to the most severe consequences [2]. 
The list of foodborne diseases is getting constantly 
updated, until the 1960s, the most common food 
pathogens causing disease were Salmonella spp., Shigella 
spp., Escherichia coli, Clostridium botulinum and 
Staphylococcus aureus. In the 1980s and 1990s, new 
pathogenic species were added to this list, such  
as Campylobacter spp., Yersinia spp., Listeria 
monocytogenes, Vibrio cholera, Enterococcus faecalis 

and also the enterohemorrhagic strain O157 : H7 
Escherichia coli [3]. The infections caused by these 
bacterial pathogens are now endemic in a lot of countries 
and cause a wide range of diseases [4]. Foodborne 
diseases are the result of taking the food products 
contaminated with pathogenic microorganisms and/or 
their toxins [5]. New trends in nutrition that consist in the 
consumption of raw and fresh food products, dry food 
products that have not been processed, and exotic 
ingredients cause a significant increase in foodborne 
diseases. The globalization of the food market additionally 
affects the outbreaks of foodborne diseases, which makes 
food safety a universal problem [6]. 

In Russia, according to Rospotrebnadzor, among other 
types of poisoning 147301 cases of acute intestinal 
infections and toxic infections caused by the defined 
pathogens were registered in 2016; still in 438019 cases it 
was not possible to define causative agents. The problem 
of contamination of food products by pathogenic and 
opportunistic microorganisms is relevant not only in the 
Russian Federation, but also in the world. Thus, in the 
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USA 76000000 cases of food toxic infections have been 
registered for the last two decades, from which 5000 have 
ended with a lethal outcome. The data collection and 
processing system – FoodNet in the USA collects data for 
nine types of foodborne infections from nine states [7]. 
The number of confirmed cases for nine different diseases 
in 2002 was: salmonellosis – 6028, campylobacteriosis – 
5006, shigellosis – 3875, escherichiosis – 647, 
cryptosporidiosis – 541, yersiniosis – 166, vibriosis – 103, 
listeriosis – 101, cyclosporidiosis – 43. In 1996, 11,826 
cases of food poisoning caused by the E. coli 0157 : H7 
bacteria were detected worldwide [8]. 

Milk and dairy products are among the most 
significant sources of foodborne diseases. For example, 
within the period from 1973 to 1992, 46 outbreaks of 
gastroenteritis caused by the consumption of raw milk 
were reported in the United States. Of 1733 cases, 
57% were caused by Campylobacter spp., 26% – by 
Salmonella spp. and 2% – by E. coli 0157:H7 [9]. 
Moreover, L. monocytogenes [10] and Yersinia 
enterocolitica [11] were identified in milk. One of the 
most powerful outbreaks of food gastroenteritis ever 
recorded occurred in the Kanzai district in Japan. The 
source of the disease of 13420 victims was a batch of 
skimmed milk powder infected with the Staphylococcus 
aureus strain producing staphylococcal enterotoxin [12]. 

Of 219 samples of raw milk tested in Brazil, 16.9% 
contained Listeria spp. and 32.4% contained Yersinia 
enterocolitica [13]. The spoilage of dairy products is 
caused by Streptococcus spp. and Bacillus spp., which 
can survive even after ultra-pasteurization [14]. In 
cheeses the diphtheria bacteria of the Brachybacterium 
genus [15], as well as L. monocytogenes [16] were 
identified. C. tyrobutyricum is well known as the cause 
of amylic fermentation of cheeses [17]. 

The spoilage of food products high in fat, such as 
mayonnaise, can be caused by Pseudomonas 
putrefaciens [18]. Bacillus vulgatus was found in spoiled 
sauces [19]. When studying 17 samples of the spoiled 
mayonnaise, mayonnaise-like sauces and sauces with 
blue cheese Kurtzman et al. [20] a large amount of yeast 
was found in most specimens. Two thirds of the spoiled 
samples were seeded with Zygosaccharomyces bailii. 

The standard practice of detecting bacterial 
pathogens is based on the cultivation of 
microorganisms, their microscopic observation and a 
biochemical analysis [21]. Although seeding with the 
subsequent phylogenetic analysis is the gold standard 
for estimating pathogenic microorganisms, the whole 
procedure has several limits, such as labor intensity, 
the duration of the analysis (5–7 days) and the 
complexity of the quantitative analysis. In addition, 
these methods are not able to detect several pathogens 
at the same time, so there is a need for the rapid 
identification of the bacterial pathogens passed through 
food products using high sensitivity methods [22]. 

A lot of authors have recently developed some 
methods of molecular-genetic identification based on 
real-time PCR using Taqman probes to identify the 
key pathogenic bacteria capable of seeding food 
products: Salmonella spp., L. monocytogenes, E. coli, 
thermotolerant Campylobacter spp., Yersinia 
enterocolitica, pathogenic Vibrio spp., Staphylococcus 
aureus and pathogenic Clostridia spp. [23]. 

DNA barcoding has recently become increasingly 
popular. DNA barcoding is used as an instrument of 
taxonomic identification of organisms [24–26]. This 
approach consists in sequencing the gene site and 
comparing the obtained sequence with those that are 
already available in international genetic databases, 
such as Boldsystem and GenBank. The gene of subunit 
1 of cytochrome oxidase of mitochondrial DNA for 
animals [27], the gene of the internal transcriptional 
spacer (ITS) of nuclear DNA for fungi [28] and the 
genes of rbcLb and matK for plants are most often used 
as such a gene [29]. The limit of this method is 
complexity in the analysis of a substrate that has the 
mixtures of DNA of the organisms of different 
taxonomic groups. A more advanced approach is the 
so-called DNA metabarcoding, which is performed 
using next generation sequencers (NGS sequencing). 
In this case, the analysis of complex biological 
mixtures is possible. The next-generation sequencing 
revolutionized food microbiology by developing new 
high-performance technologies, such as 16S rRNA 
microbiological profiling and shotgun sequencing, 
which were used to study the microbiota composition 
of various food products [30]. 

At present, the manufacturers of dairy and fat-and-
oil products of Russia are obliged to comply with the 
requirements of the Customs Union for food safety, in 
particular, the products should not contain pathogenic 
microorganisms. There is also a limitation of the 
number of yeast and mold microorganisms and the 
total number of bacteria. The purpose of this study was 
to analyze the ready-to-eat commercial products of the 
dairy and fat-and-oil industry produced in Russia, for 
their microbiological composition, using classical 
DNA barcoding, as well as DNA metabarcoding. 

STUDY OBJECTS AND METHODS 

Study objects. As the study object, the food dairy 
and fat-and-oil products produced in Russia were used 
(Table 1). 1 g of a solid or 1 ml of a liquid solution was 
taken for the study. 

Microbiological inoculation. To check the 
bacterial content of food products for different 
physiological groups of microorganisms, seeding was 
carried out in the nutrient media of the following 
composition:  
(1) FPA (fish-peptone agar) (to determine the total 
microbial number of mesophilic, aerobic and facultative 
anaerobic microorganisms): pancreatic fishmeal 
hydrolyzate – 12 g/l; enzymatic peptone – 12 g/l; 
NaCl – 6 g/l; microbiological agar – 10 g/l; pH 7.1–7.5.  
(2) Giss-GRM medium (to identify enterobacteria): 
pancreatic fishmeal hydrolyzate – 6 g/l; NaCl – 3.5 g/l; 
Na2HPO4 – 0.2 g/l; mannitol – 3.5 g/l; blue thymol 
bromine – 0.04 g/l; microbiological agar – 3,5 g/l; pH 7.4.  
(3) GRM nutrient medium No.2 (Saburo) (to detect 
yeast and mold): pancreatic fishmeal hydrolyzate – 
10 g/l; pancreatic casein hydrolyzate – 10 g/l; yeast 
extract – 2 g/l; NaH2PO4 – 2 g/l; D-glucose – 40 g/l; 
microbiological agar – 10 g/l; pH 6.0. To suppress the 
growth of the extraneous microflora, 10 ml of 1% 
chloramphenicol solution per 1 liter of the medium 
were added to the medium before seeding. 
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Table 1. Characteristics of the studied food products 

Sample 
No. Name of the product Fat per 100 g 

of product, g 
Protein per 100 g 

of product, g 
Carbohydrates per 
100 g of product, g

1 Milk "Manufacturer No.1" 3.2 3.0 4.7 
2 Milk "Manufacturer No.2" 2.5 3.0 4.7
3 Milk "Manufacturer No.3" 4.0 2.8 4.7
5 Mayonnaise sauce "Manufacturer No.1" 25.0 0.8 12.6 
9 Mayonnaise sauce "Manufacturer No.2" 42.0 – 6.0 
6 Mayonnaise "Manufacturer No.1" 67.0 0.4 2.0 
7 Mayonnaise "Manufacturer No.2" 67.0 0.4 2.1 
8 Mayonnaise "Manufacturer No.2" 15.0 – 3.8

12 Cottage cheese "Manufacturer No.1" 0.1 10.0 3.5
16 Cottage cheese "Manufacturer No.2" 18.0 6.5 20.0 
13 Yoghurt "Manufacturer No.1" 7.8 3.5 16.0 
14 Yoghurt "Manufacturer No.2" 2.5 2.8 15.0 
15 Yoghurt "Manufacturer No.3" 2.9 3.9 14.8 

CFU (Colony forming units: the indicator of the 
number of viable microorganisms per volume unit) 
were counted using the method of 10-time limiting 
dilutions in three biological repetitions. In accordance 
with the requirements of ASTM D5465-93 (2012) 
(GOST 26670-91) Petri dishes with the amount of CFU 
from 30 to 300 were counted. 

DNA barcoding. DNA was isolated from the 
colonies of microorganisms using the Probe-GS kit 
(DNA technology, Russia) according to the attached 
instructions. The polymerase chain reaction was carried 
out using Taq polymerase with a Mastercycler personal 
device (Eppendorf, Germany). The following 
components were mixed in a 0.25 ml tube: a 10X 
reaction buffer – 2.5 μl; 10 mM dNTP – 1 μl; a 10 μmol 
primer – 1 μl; a 10 μmol reverse primer – 1 μl; 25 mM 
Mg2+ – 3 μl; a matrix – 1 μg; thermostable Taq-
polymerase – 2.5 units; deionized water – up to 25 μl. 
The following temperature cycles were used: 3 min at 
94°C, 35 cycles, 30 sec at 94°C, 30 sec at 54°C, 45 
sec at 72°C and the final elongation for 10 min at 72°
C. The following were used as primers: to amplify 
bacterial DNA: direct 785F 
GGATTAGATACCCTGGTA, reverse 1492R 
TACGGYTACCTTGTTACGACTT; for the 
amplification of fungal DNA: direct ITS1 
TCCGTAGGTGAACCTGCGG, reverse ITS2 
GCTGCGTTCTTCATCGATGC and ITS4 
TCCTCCGCTTATTGATATGC. The PCR 
products were visualized by means of 
electrophoresis in 2% agarose gel. Ethidium bromide 
was used as nucleic acid dye. The size of the 
products was determined by comparison with the 
DNA markers of the known length (Evrogen, Russia).  

The extraction from agarose gel and amplicon 
purification was performed using a commercially 
available Cleanup Standard kit (Evrogen, Russia). The 
purified PCR products were sequenced using an 
Applied Biosystems 3500 genetic analyzer with a 
BigDye Terminator v3.1 Cycle Sequencing Kit. 

Enrichment of microorganisms in food 
substrates. The pre-enrichment of microorganisms for 
the subsequent analysis using the method of high-
performance sequencing was performed in a sterile 
nutrient medium of the following composition: 2% 
glucose and 1% peptone. 1 g (or 1 ml) of food substrate 
was introduced into a medium of 9 ml in volume and 

incubated for 24 hours at 27°C. The food substrate: 
enrichment medium ratio was taken in accordance with 
the instructions (MUK 4.2.2872-11). Then, 100 μl of the 
medium was isolated for DNA isolation. When DNA 
was being isolated from mayonnaise and mayonnaise 
sauces, an additional step was taken, which consisted in 
the precipitation of microorganism cells by means of 
centrifugation at 10,000 g for 5 minutes. The supernatant 
was removed together with the fat, and the precipitate 
was resuspended in 100 μl of sterile water and used to 
isolate DNA. This stage is necessary to remove fats that 
prevent the release of DNA. 

High-performance sequencing. The DNA of 
microorganisms was isolated using a Probe-GS kit 
(DNA technology, Russia) according to the attached 
instructions. The multiplex PCR was performed using 
the primers 785F/1492R and ITS1/ITS2 (see above). 
The PCR products were purified by magnetic particles 
AMPure XP Beads (Beckman Coulter, USA). The 
purified product was used to prepare sequencing 
libraries using The Ion AmpliSeq Library Kit 2.0 
according to the kit protocol. The Ion Xpress Barcode 
Adapters (Thermo Fisher Scientific, USA) was used to 
barcode the samples. To determine the concentration of 
libraries, a real-time PCR kit (The Library 
Quantification Kit Ion Torrent Platforms (Kapa 
Biosystems)) was used. 

The sequencing was performed using an IonTorrent 
PGM platform with an Ion PGM Hi-Q View 
Sequencing Kit together with the system Ion OneTouch 
2 and an Ion PGM Hi-Q View OT2 Kit (Thermo Fisher 
Scientific, USA). 

The source material for the bioinformatic analysis 
was bam files containing the source information about 
the reads obtained during DNA sequencing. The bam 
files containing nucleotide sequences in the binary form 
were converted to the FASTQ format using a samtools 
Version 1.2 package [31]. The demultiplexing was 
performed using the application fastq-multx, which is 
part of the software package ea-utils, Version 1.3 [32]. 
For this purpose, a file was prepared containing the 
sequences of primers that are part of the amplicons of 
different origin and the following command was 
executed:  
fastq-multx –B barcodes.fa <имя_файла. fastq> -m 5 -o 

%.fastq. 
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The -m 5 argument resolves up to 5 discrepancies 
between the primer sequence and the initial amplicon 
sequence in a FASTQ file. This parameter has been 
obtained empirically and does not affect the accuracy 
of the further analysis, making it possible at the same 
time to reduce the number of reads discarded as 
unidentified. The fitting of reads was performed for 
each sample using the command:  

usearch -fastx_truncate <имя_файла.fastq> -
trunclength <длина_рида> -fastqout 

<имя_файла_длина.fastq>. 
Further on, the reads were filtered according to 

reading quality based on the expected number of 
errors [33]:  

usearch -fastq_filter <имя_файла_длин. fastq> -
fastq_maxee 1.0 -fastaout <имя_файла_filtered. fasta>. 

Before searching for OTU (Operational taxonomic 
unit), unique sequences were identified:  
usearch -fastx_uniques <имя_файла_filtered.fasta> -

fastaout <имя_файла_uniques.fasta> 
-sizeout -relabel Uniq. 

Two different approaches were used to search for 
OTU. The former is based on the UNOISE2 
algorithm [34], the task of which is to reduce the 
noise level in the sample by correcting errors. The 
result of its application is the isolation of all 
biologically correct sequences in a set of reads:  

usearch -unoise3 <имя_файла_uniques.fasta> 
-zotus <имя_файла_ zotus.fasta>. 

The read filtering, searching for unique sequences 
and clustering to obtain OTU were performed using a 
USEARCH software package version 10.0.240 [35]. The 
species of microorganisms contained in the sample was 
identified using a SILVA database (https://www.arb-
silva.de/) in the case of bacterial DNA, and a BOLD 
Systems database (http://www.boldsystems.org/ 
index.php/IDS_OpenIdEngine) in the case of DNA of 
eukaryotic microorganisms. 

RESULTS AND DISCUSSION 

In the course of microbiological analysis, the 
amount of the colonies grown in nutrient media was 
initially estimated. Tables 2 present the number of the 
colonies grown in an FPA nutrient medium (CFU/ml) 
for the studied products. 

It was impossible to calculate the number of 
colonies due to their high concentration in the sample 
of yoghurt "Manufacturer No.1" in its initial dilution. 
Table 3 presents the number of the colonies grown in a 
Giss nutrient medium (CFU/ml) for the studied 
products. 

In general, the number of the colonies of 
microorganisms grown in the Giss medium was less 
than that in the FPA medium. To determine the number 
of eukaryotic microorganisms, the Saburo medium was 
used with the addition of an antibiotic (see materials 
and methods). Tables 4 present the number of the 
colonies grown in the Saburo nutrient medium 
(CFU/ml) for the studied products. 

Filamentous fungi were not detected in any of the 
samples. Contaminating with yeast was found in 
mayonnaise "Manufacturer No.1". 

In aseptic conditions, the grown colonies were 
selected, DNA was isolated from them and the 

amplification of the 16S rRNA gene in bacteria or 
the amplification of the DNA segment involving 
the genes 18S rRNA, 5.8S rRNA and 28S rRNA 
and the intergenic segments ITS1 and ITS2 in 
eukaryotic microorganisms were carried out. 
The amplicons were then isolated and sequenced 
using the Sanger method. A total of 117 nucleotide 
sequences were obtained. The obtained nucleotide 
sequences were compared with those already 
available in the international GenBank database. 
Table 5 presents the identified taxa of 
microorganisms. 
Table 2. Number of microorganisms from the studied 
food products in the FPA nutrient medium 

Sample 
No. Name CFU/ml of 

the sample 
1 Milk "Manufacturer No.1" 2.7 × 102 
2 Milk "Manufacturer No.2" 1.3 × 102 
3 Milk "Manufacturer No.3" 0 

4 Mayonnaise sauce 
"Manufacturer No.1" 4.0 × 102 

5 Mayonnaise sauce 
"Manufacturer No.2" 0 

6 Mayonnaise  
"Manufacturer No.1" 7.5 × 102 

7 Mayonnaise  
"Manufacturer No.2" 7.5 × 10 

8 Mayonnaise  
"Manufacturer No.3" 2.0 × 10 

9 Cottage cheese  
"Manufacturer No.1" 9.0 × 102 

10 Cottage cheese  
"Manufacturer No.1" 1.2 × 102 

11 Yoghurt "Manufacturer No.1" 1.3 × 105

12 Yoghurt "Manufacturer No.2" 1.1 ×103 
13 Yoghurt "Manufacturer No.3" 0 

Table 3. Number of microorganisms from the studied 
products in the Giss nutrient medium 

Sample 
No. Name of the product CFU/ml of 

the sample 
1 Milk "Manufacturer No.1" 2.8 × 102 
2 Milk "Manufacturer No.2" 9.5 × 102 
3 Milk "Manufacturer No.3" 0 

4 Mayonnaise sauce 
"Manufacturer No.1" 2.4 × 102 

5 Mayonnaise sauce 
"Manufacturer No.2" 1.3 × 102 

6 Mayonnaise  
"Manufacturer No.1" 2.0 × 103 

7 Mayonnaise  
"Manufacturer No.2" 0 

8 Mayonnaise  
"Manufacturer No.3" 2.2 × 103 

9 Cottage cheese  
"Manufacturer No.1" 1.7 × 102 

10 Cottage cheese  
"Manufacturer No.2" 0 

11 Yoghurt "Manufacturer No.1" 2.2 ×104 
12 Yoghurt "Manufacturer No.2" 2.5 × 103 
13 Yoghurt "Manufacturer No.3" 0 
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Table 4. Number of microorganisms from the studied 
products in the Saburo nutrient medium contaminated 
with yeast and filamentous fungi 

Sample 
No. Name of the product CFU/ml of 

the sample 
1 Milk "Manufacturer No.1" 0 
2 Milk "Manufacturer No.2" 0 
3 Milk "Manufacturer No.3" 0 

4 Mayonnaise  
"Manufacturer No.1" 5.0 × 103 

5 Mayonnaise  
"Manufacturer No.2" 0 

6 Mayonnaise  
"Manufacturer No.3" 0 

7 Mayonnaise sauce 
"Manufacturer No.1" 0 

8 Mayonnaise sauce 
"Manufacturer No.2" 0 

9 Cottage cheese  
"Manufacturer No.1" 0 

10 Cottage cheese  
"Manufacturer No.2" 0 

11 Yoghurt "Manufacturer No.1" 0 
12 Yoghurt "Manufacturer No.2" 0 
13 Yoghurt "Manufacturer No.3" 0 

The data on the number of microorganisms in the 
FPA medium are often in agreement with the data 
obtained in the Giss medium. In some samples, a 
difference in the number of bacteria in the FPA 
medium and in the Giss medium was revealed. Thus, in 
the FPA medium, when seeding the samples of 
mayonnaise sauce "Manufacturer No.2" and yoghurt 
"Manufacturer No.3" CFU is 0, and in the Giss 
medium with mannitol CFU/ml is from 102 to 103.  
In the Giss medium, when seeding the samples of 
mayonnaise "Manufacturer No.2", yoghurt 
"Manufacturer No.1" and cottage cheese 
"Manufacturer No.2" CFU/ml is 0, and in the FPA 
medium CFU/ml is from 105 to 106 for a number of 
samples. 

It should be noted that the representatives of the 
genera Pseudomonas, Bacillus and Lactococcus have 
been identified in both media. The seeding in the FPA 
nutrient media and the Giss medium made it possible 
to identify the differences at the genus level: the 
seeding in the FPA medium made it possible to 
identify the representatives of the genera Kocuria, 
Staphylococcus, Moraxella, Paucisalibacillus, 
Acinetobacter and Klebsiella, while the 
representatives of the genera Paenibacillus, 
Lysinibacillus, Enterobacter, Acetobacter and Massilia 
were identified in the Giss medium. 

Table 5. Comparative microbiological analysis when seeding in the FPA and Giss nutrient media 

Sample 
No. Name of the product Identified bacteria taxa 

in the FPA medium 
Identified bacteria taxa 

in the Giss medium 

1 Milk "Manufacturer No.1" 

Pseudomonas sp. 
Bacillus sp. 

Acinetobacter sp. 
Pseudomonas fluorescens 

Staphylococcus epidermidis 

Pseudomonas fluorescens 
Acetobacter sp. 
Bacillus cereus 
Bacillus subtilis 
Paenibacillus sp. 

Bacillus sp. 

2 Milk "Manufacturer No.2" 

Bacillus sp. 
Pseudomonas sp. 
Lactococcus lactis  

Moraxella osloensis 

Acetobacter sp. 
Bacillus sp. 

3 Milk "Manufacturer No.3" Not identified Not identified 

4 Mayonnaise "Manufacturer No.1" Pseudomonas sp. 
Pseudomonas fluorescens Not identified 

5 Mayonnaise "Manufacturer No.2" Pseudomonas fluorescens Not identified 
6 Mayonnaise "Manufacturer No.3" Bacillus sp. Not identified 

7 Mayonnaise sauce "Manufacturer No.1" Bacillus sp. Enterobacter cloacae 
Bacillus sp. 

8 Mayonnaise sauce "Manufacturer No.2" Not identified Bacillus sp. 

9 Yoghurt "Manufacturer No.1" 

Kocuria rosea 
Lactococcus lactis 

Pseudomonas fluorescens 
Pseudomonas sp. 

Lactococcus lactis 

10 Yoghurt "Manufacturer No.2" Bacillus sp. 
Klebsiella pneumoniae 

Pseudomonas fluorescens 
Enterobacter cloacae 

11 Yoghurt "Manufacturer No.3" Not identified Not identified 

12 Cottage cheese "Manufacturer No.1" 
Pseudomonas fluorescens 
Staphylococcus warneri 

Bacillus sp., Moraxella osloensis 

Lysinibacillus sp. 
Acetobacter sp. 
Massilia varians 

13 Cottage cheese "Manufacturer No.2" Klebsiella pneumonia, Bacillus sp. Not identified 
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Table 6. Percentage of the grown colonies of 
microorganisms in the FPA and Giss medium 

No. Identified taxon Total frequency 
of occurrence,% 

1 Bacillus sp. 32.5 
2 Pseudomonas sp. 23.7 
3 Lactococcus lactis 10.5 
4 Acetobacter indonesiensis 5.3 
5 Moraxella osloensis 3.5 

Filamentous fungi and yeast were not detected in 
any of the samples except for the mayonnaise sample 
of Manufacturer No.1. According to the sequence of 
the DNA segment that includes the genes 18S rRNA, 
5.8S rRNA and 28S rRNA and the intergenic segments 
ITS1 and ITS2, this yeast has been identified 
as the representatives of Saccharomycetes of the 
Saccharomycetaceae family of the Pichia genus. 

Table 6 presents the quantitative ratios of the 
identified microorganisms. 

When analyzing the quantitative ratio of 
microorganisms, it was revealed that Bacillus sp., 
among which it is possible to distinguish conditionally 
Bacillus licheniformis (16.67% of colonies) (the taxon 
closest to DNA in the international GenBank database) 
and Bacillus subtilis (11.4% of colonies) most often 
contaminate dairy and fat-and-oil products. Among 
Pseudomonas sp., Pseudomonas fluorescens (19.3% of 
colonies) are the most numerous. 

To study the method of high-performance 
sequencing in order to identify microbiological 
contamination of fat-and-oil products, we analyzed 
3 samples of milk, 3 samples of mayonnaise, 2 samples 
of mayonnaise sauce and 2 samples of cottage cheese. 
After the preliminary enrichment of the studied 
samples of food products, 100 μl of broth was selected 

(or the precipitate was resuspended in 100 μl of broth, 
if the isolation was made from mayonnaise or 
mayonnaise sauce). Then DNA was isolated and PCR 
was performed. Since one sample that corresponds to 
one barcode of the sequencer, contained several types 
of the amplicons obtained from multiplex PCR (the 
fragments of bacterial 16S rRNA and a segment that 
includes the genes 18S rRNA, 5.8S rRNA and 28S 
rRNA, and also the intergenic segment ITS1 in fungi), 
the demultiplexing of reads was carried out before the 
further analysis (see materials and methods). As a 
result, two new reads that contain the DNA sequences 
of bacteria and fungi were obtained, respectively, for 
each source file. 

Table 7 presents the sequence coincidences 
obtained during high-performance sequencing with the 
sequences of prokaryotic and eukaryotic 
microorganisms available in the international 
databases. 

When analyzing the taxa revealed by means of high-
performance sequencing, it turned out that the list of 
microorganisms in dairy products is less extensive than 
in the case of identification by classical DNA barcoding. 
While there was a different situation .... high fat
products (mayonnaise and mayonnaise sauces). This 
effect is most likely due to the additional 
concentration of microorganisms when enriching 
mayonnaise and mayonnaise sauces, since when 
studying these products using classical DNA 
barcoding there was no concentration and the 
products were immediately introduced into 
nutrient media. Besides, the additional optimization is 
probably required when preparing DNA libraries from 
dairy products, as well as, possibly, the targeted 
amplification of target microorganism groups. The 
high-performance sequencing has also better 
revealed the presence of eukaryotic microorganisms in 
the studied food products. 

Table 7. List of microorganisms detected by high-performance sequencing 

Sample 
No. Product Prokaryotic microorganisms Eukaryotic microorganisms 

1 Mayonnaise 
"manufacturer no.1" Not identified 

Radulidium subulatum, Pichia 
kudriavzevii, Cryptococcus sp., 

Epicoccum nigrum 

2 Mayonnaise 
"manufacturer no.2" Not identified Pichia kudriavzevii 

3 Mayonnaise 
"manufacturer no.3" 

Lactobacillus sp., Vibrio sp., Acinetobacter 
sp., Bacillus sp., Streptococcus sp., 

Klebsiella sp., Leuconostoc sp. 
Not identified 

4 Mayonnaise sauce 
"manufacturer no.1" 

Acinetobacter sp., Lactobacillus sp.,  
Bacillus sp., Escherichia sp., Aeromonas sp. Pichia kudriavzevii 

5 Mayonnaise sauce 
"manufacturer no.2" Bacillus sp. Not identified 

6 Milk "manufacturer no.1" Bacillus sp., Acinetobacter sp. Pichia sp. 
7 Milk "manufacturer no.2" Bacillus sp., Lactococcus lactis Cryptococcus sp., Pichia sp. 
8 Milk "manufacturer no.3" Not identified Not identified 

9 Cottage cheese 
"manufacturer no.1" Lactococcus lactis, Bacillus sp. Pichia manshurica, Pichia kluyveri

10 Cottage cheese 
"manufacturer no.2" Lactococcus lactis, Bacillus sp. Pichia sp. 
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The analysis of species composition of 
microorganisms using classical DNA barcoding, 
as well as metabarcoding, allowed us to 
identify opportunistic pathogenic species from 
the number of products: Staphylococcus warneri, 
Staphylococcus epidermidis, Klebsiella pneumonia, 
Bacillus cereus, Vibrio sp. Klebsiella 
pneumoniae is one of the causative agents of 
pneumonia, as well as some urogenital infectious 
diseases and purulent abscesses of the spleen and liver. 
This microorganism can also be pathogenic to some 
animals. Some strains are multiresistant to 
antibiotics, the capsule is a virulence factor [36–38].  

Staphylococcus warneri, like other staphylococci, 
belongs to the 4th group of pathogenicity, it rarely 
causes human and animal diseases, it is mainly 
characteristic of the patients with a blunt immunity. 
There are cases of conjunctivitis, the infections of the 
urogenital tract and septicemia associated with 
S. warneri [39, 40]. 

Staphylococcus epidermidis occurs on the mucous 
membranes and human skin, can cause endocarditis, 
sepsis, the purulent infection of wounds and urinary 
tract infections [39]. 

Bacillus cereus is a dangerous pathogen that causes 
foodborne toxic infections in human (including 
diarrhea and the emetic syndrome). The diarrheal 
syndrome is caused by a high molecular weight peptide 
toxin, whereas the emetic syndrome is caused by a low 
molecular weight thermostable toxin [36, 41]. 

Vibrio sp. identified by high-performance 
sequencing, also poses a risk to human health, at the 
same time, some species of this genus are even related 
to the 2nd and 3rd group of pathogenicity [41, 43]. 

In addition to pathogenic microorganisms, the 
microorganisms that spoil products were detected. The 
microbiological spoilage of products – the development 
of harmful microorganisms in food products with the 
subsequent accumulation of their waste products – can 
also be dangerous because of the evolved toxins and the 
development of pathogenic microbiota. The key cause of 
microbiological spoilage of products is fermentation. 
Most often, the spoilage of products is caused by acetic 
and amylic fermentation, as well as rotting [44]. Acetic 
fermentation forms the Acetobacter bacteria genus, 
which we detected in milk and cottage cheese. These 
bacteria are able to oxidize ethanol to acetic acid, acetate 
and lactate. Acetobacter is of particular importance for 
the food industry, since these bacteria spoil products, 
producing acetic acid or ethyl acetate. The substrates that 
contain sugar or fruit are particularly susceptible to 
acetic acid fermentation [45]. 

In the course of the analyzes made, we found the 
presence a large amount of bacteria of the Bacillus 
genus the reproduction of which can lead to the decay 
of food substrates. The rotting process is caused by 
putrefactive microorganisms that are widespread in all 
habitats, including animals and plant organisms. The 
deepest breakdown of proteins is caused by the 
representatives of the Enterobacteriaceae family (for 
example, the genera Proteus and Escherichia) and the 
spore-forming bacteria of the genus Bacillus and 
Clostridium [46].  

With the help of high-performance sequencing, we 
managed to identify eukaritic microorganisms in 

several samples, while with the help of microbiological 
seeding, eukaryotic microorganisms were only detected 
in one of the samples. This can be explained by the 
higher sensitivity of new generation sequencing when 
identifying microorganisms compared to 
microbiological seeding or dead eukaryotic 
microorganisms were possibly identified, since their 
DNA can be retained for a long time in food substrates. 

In our study we used the method of classical DNA 
barcoding (the sequencing of marker genes of 
prokaryotic and eukaryotic microorganisms), as well as 
the method of DNA metabarcoding based on high-
performance sequencing on an Ion torrent PGM 
platform. The main advantage of the method of 
classical DNA barcoding is the lower cost of analysis 
in relation to metabarcoding. The main disadvantage of 
the method of classical DNA barcoding is the 
requirement for the homogeneity of biological material, 
which is achieved either by the preliminary separation 
of the studied microorganisms or by the molecular 
cloning of PCR fragments. In our case this requirement 
was achieved by means of the preliminary seeding of 
microorganisms in solid nutrient media. When 
performing metabarcoding based on high-performance 
sequencing, the preliminary seeding is not required. 

The next-generation sequencing (NGS) collectively 
describes several technologies that provide the mass 
parallel sequencing of heterogeneous DNA fragments. 
With regard to the monitoring of the microbial 
community, these fragments consist of the short 
segments amplified using the universal primers targeted 
at the known marker genes, predominantly the 
prokaryotic 16S rRNA and fungal ITS genes. At present, 
two NGS systems are basically used for profiling 
microbial communities; these are the sequencing 
platforms 454 Life Sciences pyrosequencing [47] and 
Illumina [48]. We have shown that the Ion torrent PGM 
platform is also capable to identify effectively the 
complex mixtures of microorganisms. The presented 
detection method using an Ion torrent PGM platform 
seems promising for rapid microbial characteristics in 
multiple food samples with the unknown composition of 
microorganisms by determining numerous nucleic 
sequences simultaneously without the need for cloning 
PCR products and microbiological seeding. However, it 
should be noted that high-performance sequencing is an 
expensive and time-consuming method yet [49]. 

The microorganisms that we have identified, which 
belong to the pathogenic group in ready-made dairy 
and fat-and-oil products, are a wakeup call. The 
production control at the enterprises that produced the 
studied products was probably carried out using only 
the microorganisms of the 3rd group of pathogenicity, 
such as Shigella spp. and Listeria monocytogenes. 
However, the microorganisms of the 4th pathogenicity 
group (in particular, Bacillus cereus, Staphylococcus 
sp., Klebsiella pneumoniae and Vibrio sp.) that we 
have detected, are not equally allowed in ready-made 
dairy and fat-and-oil products, as, for example, 
Shigella spp. and Listeria monocytogenes (TR TS 
033/2013 "On safety of milk and dairy products" and 
TR TS 024/2011 "Technical Regulations on the safety 
of fat-and-oil products"), since they also belong to 
pathogenic microorganisms, although belong to the last 
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4 group of the list of pathogenic microorganisms 
(SP 1.3.2322-08 "Safety of work with 
microorganisms"). The technical regulations of the 
customs union do not allow the presence of pathogenic 
microorganisms in any food products, the presence of 
coliforms is also not allowed or is sharply limited, the 
limitations of the amount of yeast and mold are 
introduced. Thus, for example, TR TS 033/2013 "On 
safety of milk and dairy products" separately prescribes 
the non-admissibility of the presence of the coliforms 
S.aureus, L. monocytogenes and Salmonella spp., while 
for a number of dairy products the counting of 
eukaryotic microorganisms is not regulated, but for 
other products, the amount of yeast and mold should 
not exceed 50 per 1 cm3 (g). In the international 
documents that regulate the microbiological standards 
of food products, for example, European Hygiene and 
Food Safety Criteria 2073/2005, there is also a ban on 

the content of pathogenic microorganisms, especially 
L. monocytogenes, Cronobacter spp. (Enterobacter 
sakazakii) and Salmonella spp. 

In general, the methods that we have presented on 
the basis of DNA metabarcoding can become an 
alternative to standard microbiological seeding during 
production control at the food enterprises of the dairy 
and fat-and-oil industry, since, despite the high cost of 
high-performance sequencing, the analysis time is 
significantly reduced, which will allow to faster load up 
store shelves with the products with a short shelf life. 
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