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In member states of the European Union 
(EU), steak tartare is a very popular meat delica-
cy. It is prepared from raw minced beef and from 
numerous ingredients such as onion, eggs, spices 
and sauces. The presence of raw meat makes this 
product very susceptible to bacterial spoilage 
and, therefore, a potential source of food-borne 
infections such as campylobacteriosis, salmonel-
losis, listeriosis, cysticercosis or toxoplasmosis [1]. 
Salmonellosis is an acute bacterial diarrhea dis-
ease. Eggs, in particular, can serve as the source 
of this infection in the steak tartare. Currently, 
both salmonellosis and campylobacteriosis show 
the highest incidence in all European countries 
(23.7  and 45.6 cases per 100 000 inhabitants, re-
spectively). Despite its low incidence (0.4 cases 
per 100 000 inhabitants), listeriosis is also ranked 
among serious zoonotic diseases characterized by 
a high mortality. Most frequently, the consump-
tion of insufficiently heat-treated meat is the cause 
of this disease [2]. Based on the reported mortal-
ity and the total number of confirmed cases, it is 
estimated that in 2015 approximately 270 deaths 

in humans were caused by listeriosis [3]. In recent 
years, the usage of contaminated raw materials in 
the preparation of food, incorrect technology in 
the preparation of food and the shortcomings in 
the storage of raw materials are the most common 
causes of epidemics of salmonellosis and other 
food-borne illnesses in EU countries.

To avoid the risk of alimentary diseases after 
consumption of ready-to-eat food products, in-
cluding the steak tartare, it is necessary to ensure 
health safety of such products made of raw meat 
and eggs by applying EU legal acts [4–8]. The cor-
rect and qualified post-mortem carcass inspection 
is one of the basic steps that will ensure health 
safety of the final product and minimize the risk of 
food-borne diseases of parasitic origin at the same 
time [9]. Moreover, the preparation of thermally 
untreated meals (e.g. steak tartare) puts high de-
mands on the application of good hygienic prac-
tice rules.

The need for enhancing microbial food safety 
and quality, without compromising the nutri-
tional, functional and sensory characteristics of 
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–	 sample IV (vacuum-packed meat stored at 
–18 °C for 21 days before processing).

Samples of tenderloin (I–IV) were used for 
preparation of the steak tartare according to the 
following procedure. Each sample of meat was 
washed, dried and fibrous connective tissues (ten-
dons and fasciae) were removed. Minced beef was 
prepared with the help of commercial meat grind-
er. Fresh eggs, onion and other ingredients (black 
pepper powder, sweet red pepper powder, caraway 
powder, ketchup, Worcestershire sauce and mus-
tard; all these purchased in the retail sale in Slo-
vakia) were then mixed with the minced beef and 
shaped into small disks (diameter 9.0 cm, height 
3.0 cm). The final products were steaks tartare, 
raw ready-to-eat non-thermally treated meals. 
Steaks were packaged individually into sterile con-
tainers covered with a foil and stored in the dark 
for 4 h at 4 °C or at room temperature. 

Microbiological examination
During manufacturing of steak tartare, pH 

value, temperature and microbiological quality of 
the individual samples were determined. 

Swabs for microbiological examination were 
taken from the visceral surface of the tenderloin 
and from the area adjacent to the lumbar verte-
brae by a non-destructive method, using a sterile 
cotton swab and a sterile template of the total area 
of 100 cm2, according to STN EN ISO 17604 [14]. 
Samples for microbiological examination were 
taken subsequently from the depth of tenderloin, 
minced beef and the final product immediately 
after its manufacturing, as well as after the storage 
at different temperatures (4 h at 4 °C or at room 
temperature). Sampling and preparation of sam-
ples for microbiological testing, as well as prepara-
tion of the initial suspension and further decimal 
dilutions, were performed in accordance with the 
legislative requirements [15].

Total viable counts (TVC) and counts of 
E. coli (ECC) were determined by the quantita-
tive microbiological examination according to 
STN  EN ISO  standards [16, 17] using the plate 
count agar (Oxoid, Basingstoke, United King-
dom) for TVC and tryptone bile X-glucuronide 
medium (Oxoid) for ECC. Inoculated media were 
incubated at 30 °C for 72 h (TVC) or at 44 °C for 
24  h (ECC). The presence of L. monocytogenes 
and S.  enterica was determined by the culture-
dependent qualitative examination according to 
STN EN ISO standards [18, 19].

Ingredients added to minced beef were also 
submitted to microbiological testing. In samples 
of black pepper powder, sweet red pepper powder, 

foods, has created an increasing interest in in-
novative technologies in food industry. Various 
post-processing technologies (e.g. high-pressure 
processing – HPP) were recently introduced into 
meat industry to extend the shelf-life and to im-
prove the safety of ready-to-eat meat products. As 
reported, a company in Netherlands already uses 
HPP to produce steak tartare [10, 11]. The novel 
green plasma technology has also been developed 
to improve the quality of food while ensuring the 
microbial safety of tartare steak and other non-
thermally treated meat products [12].

However, no technological step in the prepa-
ration of such meals is able to ensure their full 
safety. Therefore, it is necessary to draw attention 
to specific categories of consumers for which the 
consumption is not recommended, in particular 
for children under 5 years of age, pregnant and 
breastfeeding women, seniors and consumers with 
impaired immunity [13].

For the above reasons, the aim of this study 
was to analyse and specify health risks based on 
results of microbiological investigation of the basic 
raw materials, all ingredients used for preparation 
of the steak tartare, as well as the finished ready-
to-eat products. The study was also intended to 
demonstrate that the risk of eating the steak tar-
tare may be reduced significantly by the compli-
ance of all technological procedures with the basic 
rules of hygiene.

Materials and methods

Sample collection and preparation 
Tenderloins were removed from farmed cattle 

(Michalovce, Slovakia) not older than 24 months 
of age after a qualified post-mortem inspection, 
then stored in the slaughterhouse chilling room 
for 3 days (sample S) and used for preparing the 
steak tartare. In the chilling room, surface swabs 
were taken from the visceral side of the tender-
loin, as well as from the area where the tenderloin 
was attached to lumbar vertebra. After chilling, 
the meat was transported in cooling boxes to the 
Department of Food Hygiene and Technology of 
University of Veterinary Medicine and Pharmacy 
in Košice, Slovakia (about 20 min).

The tenderloins were further divided into the 
following four samples:
–	 sample I (meat processed immediately after 

the delivery),
–	 sample II (vacuum-packed meat stored at 4 °C 

for 5 days before processing),
–	 sample III (vacuum-packed meat stored at 

–18 °C for 14 days before processing),
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caraway powder, ketchup, Worcestershire sauce 
and mustard, TVC, ECC and the presence of both 
L. monocytogenes and S. enterica were determined. 
Raw eggs, the most frequent source of food-borne 
salmonellosis in the steak tartare, were checked 
for the presence of S. enterica. After sampling for 
microbiological investigation, the pH values of 
those ingredients which were able to affect pH of 
the final product significantly (i. e. ketchup and 
mustard), were also measured. 

Statistical analysis
Microbial counts were determined in six inde-

pendent experiments with replicate samples. The 
results were statistically evaluated using Graph-
Pad Prism 6.01 software (GraphPad Software, 
La Jolla, California, USA) with one-way ANOVA 
and Tukey’s test for multiple comparison of means 
with a confidence interval set at 95 %. 

Results and discussion

From the viewpoint of human health, parasites 
and bacteria found in raw meat of warm-blooded 
animals are different and more dangerous than 
those occuring in raw fish, such as sushi. In raw 
beef, the risk is mostly related to the presence 
of bacteria (e.g. S. enterica, Campylobacter spp., 
L.  monocytogenes, E. coli), parasites (e.g. Toxo-
plasma gondii, Cysticercus bovis) and viruses (e.g. 
hepatitis E virus). Parasites and bacteria originate 

mainly from the animal intestines and could con-
taminate the meat at the slaughterhouse during 
slaughtering and meat processing (slicing, cutting, 
milling, transporting, packing, preparation etc.) 
[20]. As reported, bacteria of the families Pseudo-
monadaceae and Enterobacteriaceae are the pre-
dominant microflora on the meat surface [1].

In addition to the above mentioned potential 
and obligatory pathogens, the presence of com-
mensal flora can also be detected in/on fresh 
meat, this including Brochothrix thermophacta, 
Lactobacillus agendas, Lactococcus piscium, Pho-
tobacterium kishitani, Xanthomonas oryzae and 
Leuconostoc gelidum [1]. In general, microbial 
contamination of surfaces of raw meat usually 
exceeds 1.0 log  CFU·cm-2 but is lower than 
7.0 log CFU·cm-2 [21], as also demonstrated in this 
study. In swabs from the surface of fresh tender-
loin, TVC ranged from 1.40 ± 0.01 log CFU·cm-2 
to 2.90 ± 0.00 log CFU·cm-2. The average TVC in 
samples taken from the center of tenderloin was 
1.90 ± 0.02 log CFU·g-1 (Tab. 1). 

After cold storage of the tenderloin at 4 °C and 
also its long-term frozen storage at –18 °C, a sig-
nificant decrease in TVC (p < 0.001) was observed 
in both the surface swabs and the samples taken 
from the depth of the tenderloins (Tab. 1; Fig. 1). 
A significant decrease (p < 0.01) in TVC of raw 
beef during cold storage at 4 °C was also con-
firmed by Koutsoumanis et al. [21]. As reported 
by Kröckel and Hechelmann [22], the storage of 
fresh meat at 2 °C immediately after slaughtering 
did not result in microbial growth within the first 
24 h. Due to conversion of glycogen to lactic acid, 
pH of the meat decreased to 5.7–6.0 at the same 
time. Similarly, the results of this study also con-
firmed an average pH value of 5.8 in all tenderloin 
samples before mincing (samples I–IV). This value 
indicates a correct ripening process of fresh meat.

After mincing, the pH value of meat remained 
unchanged. However, both the temperature of the 
minced meat as well as TVC increased significant-
ly, the average temperature in sample III reached 
a value of 13.2 °C (Fig. 1). It is a well known fact 
that the grinding process contributes to an in-
crease in the total viable counts in minced beef 
[23]. Increased levels of TVC (4.11 log CFU·g1) 
in raw minced beef were also reported by Hayes 
et al. [24] and other authors [25, 26]. On the ba-
sis of these results, it is strongly recommended to 
mince the meat used for preparation of the steak 
tartare at refrigeration temperatures, thereby re-
ducing the temperature of the raw material as well 
as the microbial load at this step. 

As seen in Fig. 1, the temperatures have risen 
again after addition of ingredients to the minced 
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Fig. 1. Comparison of the average total viable counts 
among tenderloin samples during preparation of the 
steak tartare.

Step of experiment: 3 – sample from center of tenderloin; 
4 – sample of minced beef; 5 – sample of fresh steak tartare; 
6 – sample of steak tartare after storage at 4 °C; 7 – sample 
of steak tartare after storage at room temperature.
Samples of tenderloin: I – fresh, II – stored  
at 4  °C for 5 days, III – stored at –18  °C for 14 days, IV – 
stored at –18 °C for 21 days.
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meat, which was also accompanied by a significant 
increase in TVC (p < 0.001) of the final products. 
The increase in temperature after addition of in-
gredients in this study was most probably caused 
by the temperature of ingredients themselves, 
as they had been stored at 20 °C during the ex-
periment. TVC in final products ranged from 
3.49 ± 0.01 log CFU·g-1 to 3.80 ± 0.02 log CFU·g-1. 
The most significant increase in TVC (p < 0.001) 
was observed in sample IV between the stages of 
minced meat (2.19 ± 0.01 log CFU·g-1) and the fi-
nal product (3.49 ± 0.01 log CFU·g-1).

The increase in TVC could also be caused 
by the ingredients added. In this study, TVC 
of spices ranged from 1.00 ± 0.00 log CFU·g-1 
to 1.80 ± 0.01 log CFU·g-1, the ECC be-
ing below the limit of the detection method 
(< 2.00 log CFU·g-1). The presence of S. enterica 
was not determined in any sample. Despite of re-
sults of microbiological testing presented in this 
study, food ingredients may be contaminated with 
pathogenic microorganisms involved in food-
borne infections. This also applies to spices with 
low water activity. Although the low water activity 

Tab. 1. Microbial contamination of steak tartare.

Sample
Step  

of experiment

Temperature  
of samples 

[°C]

Total viable counts
[log CFU·g-1] 

or [log CFU·cm-2]*

E. coli counts
[log CFU·g-1] 

or [log CFU·cm-2]*

S
Tenderloin at the 
slaughterhouse

A 3.2 2.90 ± 0.00 * < 2.00 *

B 3.2 1.40 ± 0.00 * < 2.00 *

I
Fresh tenderloin

1 3.0 2.90 ± 0.00 * < 2.00 *

2 3.0 1.40 ± 0.01 * < 2.00 *

3 3.0 1.90 ± 0.02 < 2.00 

4 12.8 2.80 ± 0.01 < 2.00 

5 13.5 3.50 ± 0.00 < 2.00 

6 3.0 3.39 ± 0.00 < 2.00 

7 15.6 3.51 ± 0.01 < 2.00 

II
Tenderloin stored  

at 4 °C, 5 days

1 2.9 2.60 ± 0.00 * < 2.00 *

2 2.9 1.80 ± 0.01 * < 2.00 *

3 2.9 1.90 ± 0.00 < 2.00 

4 10.6 2.60 ± 0.00 < 2.00 

5 12.3 3.80 ± 0.02 < 2.00 

6 3.5 3.70 ± 0.00 < 2.00 

7 15.6 4.50 ± 0.01 < 2.00 

III
Tenderloin stored  
at –18 °C, 14 days

1 2.9 2.60 ± 0.01 * < 2.00 *

2 2.9 1.59 ± 0.01 * < 2.00 *

3 2.9 1.60 ± 0.00 < 2.00 

4 13.2 2.70 ± 0.01 < 2.00 

5 14.3 3.70 ± 0.01 < 2.00 

6 3.9 3.70 ± 0.00 < 2.00 

7 15.5 4.40 ± 0.00 < 2.00 

IV
Tenderloin stored  
at –18 °C, 21 days

1 2.1 2.08 ± 0.02 * < 2.00 *

2 2.1 1.20 ± 0.00 * < 2.00 *

3 2.1 1,30 ± 0.01 < 2.00 

4 9.7 2.19 ± 0.01 < 2.00 

5 12.2 3.49 ± 0.01 < 2.00 

6 3.6 3.40 ± 0.00 < 2.00 

7 14.9 4.50 ± 0.02 < 2.00 

The results are expressed as the (mean ± standard deviation) of six independent measurements.
* – values expressed as logarithm of colony forming units per square centimeter.
Step of experiment: A – swab sample from visceral surface; B – swab sample from surface of connection to the backbone; 
1 – swab sample from visceral surface after rinsing; 2 – swab sample from surface of connection to the backbone after rinsing; 
3 – sample from the center of tenderloin after rinsing; 4 – sample of minced beef; 5 – sample of the final product; 6 – sample of 
the final product after storage at 4 °C; 7 – sample of the final product after storage at room temperature.
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contributes to long-term sustainability, pathogenic 
microorganisms still survive in a dry environment. 
To proof that spices are a cause of food-borne 
disease is difficult, because the detection is often 
limited to the main food components. In the Eu-
ropean legislation, microbiological limits specific 
for dried herbs and spices are not yet established. 
To meet valid EU criteria, in particular for beef 
steak and steak tartare, it is therefore recommend-
ed to use ingredients decontaminated by various 
methods [27].

Pathogenic bacteria are routinely detected 
or quantified in spices using standard horizon-
tal microbiological methods. However, various 
spices contain compounds that may interfere with 
plating on nutrient agar media and/or prolifera-
tion of bacteria during culture-based enrichment. 
Such interference may lead to false negativity or 
compromised quantitative results [28–30]. A way 
to overcome the described methodological prob-
lems is to utilize a culture-independent approach, 
i.e. to extract DNA from spices and then analyse 
it by pathogen-specific real-time polymerase chain 
reaction [31].

In the case of steak tartare, additional raw in-
gredients, such as chicken egg yolks, are the main 
source of health risk because of their possible mi-
crobial contamination (S. enterica, E. coli). Salmo-
nella egg contamination is a complex issue affected 
by each stage of the food production process. In 
view of the current shift in consumer preferences 
and the growing demand for raw food products, 
it is necessry to strengthen Salmonella control 
measures after egg collection by washing, pasteuri-
zation or irradiation [32]. Chicken eggs used in 
this study were checked for the presence of S. en-
terica with a negative result. 

Ingredients added to the final products, such 
as spices, can also change pH and osmotic state 
of the product, which can ultimately affect the mi-
crobial load of the steak tartare. The change in pH 
was confirmed in this study. The pH value of the 
final product imediatelly after its preparation de-
creased from 5.8 to 5.3 after a  four-hour storage 
period. This significant decrease was probably 
caused by the addition of acidic ingredients, such 
as mustard (pH 3.9) or ketchup (pH 3.7). Low pH 
values correlated well with the results of microbio-
logical examination of the final products, where 
both the pH values and TVC decreased after 
the four-hour-storage (Fig. 1).

In the final products (steaks tartare) stored at 
4  °C, a  significant decrease (p < 0.001) in TVC 
was determined. This result could be attributed 
not only to the reduced pH, but also to the low 
storage temperature (4 °C), which suppressed the 

levels of some bacteria. On the other hand, in 
products that were stored at room temperature, all 
TVC were significantly higher (by 0.10 log CFU·g-1 
on average; p < 0.001), in particular in sam-
ples II, III, and IV, where the average TVC in-
creased within 4 h from 4.40 ± 0.00 log CFU·g-1 
to 4.51 ± 0.01 log CFU·g-1. These results confirm 
the fact that, at an interruption of cold chain, an 
increase in the counts of microorganisms, includ-
ing food-borne pathogens, can take place. There-
fore, in the case of delayed serving, the steak 
tartare must be cooled to 0–4 °C as soon as pos-
sible. Gram-negative bacteria (E. coli, S. enterica) 
are generally more sensitive to temperatures of 
0–7 °C. Under cold conditions, they lose their 
ability to use inorganic nitrogen to synthesize cel-
lular proteins and have to rely solely on peptides 
because they cannot directly use aminoacids [33].

In all the samples inspected, ECC were below 
the limit (< 2.00 log CFU·g-1). Similar results 
were reported by Bohaychuk et al. [34]. The 
authors did not determine the presence of E. coli 
neither in raw beef nor in chicken eggs. The only 
E. coli isolate obtained from the sample of minced 
beef was not confirmed by serotyping as E. coli 
O157: H7, the serotype most frequently associated 
with large outbreaks of epidemics in Canada, 
United States and United Kingdom [35]. However, 
other E. coli serotypes (e.g. STEC-O26, O91, 
O103, O111, O118, O145 and O166) were isolated 
from whole beef throughout the world. Those se-
rotypes are known to cause human diseases rang-
ing from bloody diarrhea and hemorrhagic colitis 
to life-threatening hemolytic uremic syndrome 
[36]. Recent studies also showed a level of preva-
lence of E. coli in raw beef and ground beef sam-
ples: 7 % in Turkey, 4.7 %, in the Netherlands and 
9 % in Spain [37–39].

On the contrary, a relatively high prevalence of 
L. monocytogenes (52 %) in raw minced beef and 
products from it (steak tartare) was confirmed by 
Bohaychuk et al. [34]. However, the determined 
rate was comparable to 34.9 % for raw beef in 
Spain [40]. Other researchers found L. mono-
cytogenes in raw sausage products in Denmark, 
Switzerland, Mexico, Ireland and Italy [41–45]. 
In 2013, most reported cases of gastrointestinal 
disease caused by L. monocytogenes in EU were, 
with a mortality rate of 15.6 %, after consump-
tion of raw meat products [46]. No presence of 
L. monocytogenes was determined in this study. 

The qualitative microbiological examination 
did not determine the presence of S. enterica in 
any sample of minced beef or any ingredient used 
in this study. Our results are similar to those of 
Bohaychuk et al. [34], who did not detect any 
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S. enterica in raw minced beef or in the products 
made thereof, including the steak tartare.

Conclusion

The results of this study demonstrate that the 
microbiological risks associated with the consump-
tion of steak tartare can be significantly reduced by 
keeping to basic rules of good manufacturing prac-
tice, strict control of product temperature and the 
use of very fresh meat. Moreover, storage condi-
tions of the finished products are also of great im-
portance. Despite the appropriate manipulation, 
mincing and temperature control during storage 
of meat, there is always a risk of contamination 
of the steak tartare as a raw ready-to-eat product. 
Therefore, every consumer should be properly 
instructed that the consumption of products in-
tended to be eaten raw may lead to a serious food-
borne illness. 
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