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Use of photon emission to identify the degree of microbial 
contamination of liquid biological substances 

 
Abstract. The incidence of foodborne infections has increased worldwide over the past few years, with Gram-negative and Gram-positive bacterial 
pathogens at the epicenter of most reported cases. The aim of this study was to determine the effect of microbial contamination, understood as the 
abundance of microorganisms per unit of liquid biological substance, on the photon emission rate of the aforementioned substances. Such 
identification will allow to parametrize the process of microbial multiplication in a given substance by the photon emission rate, which would create a 
fast and contact-free method of estimating the concerned abundance of microorganisms. It was found that with the increase in the abundance of 
microorganisms in suspension, the number of photons emitted from it increases and the trend of this increase can be described by a linear function. 
 
Streszczenie. Częstość występowania zakażeń przenoszonych na żywność wzrosła na całym świecie w ciągu ostatnich kilku lat, a patogeny 
bakterii Gram-ujemnych i Gram-dodatnich znajdują się w epicentrum większości zgłaszanych przypadków. Celem badań było określenie wpływu 
zanieczyszczenia mikrobiologicznego rozumianego jako liczebność mikroorganizmów w jednostce płynnej substancji biologicznej na wielkość emisji 
fotonowej w/w substancji. Taka identyfikacja pozwoli sparametryzować proces namnażania mikroorganizmów w danej substancji stopniem emisji 
fotonowej, co stworzyłoby szybką i bezkontaktową metodę szacowania przedmiotowej liczebności mikroorganizmów. Stwierdzono, że wraz ze 
wzrostem liczebności mikroorganizmów w zawiesinie liczba emitowanych z niej fotonów rośnie a sam trend tego wzrostu można opisać funkcją 
liniową (Wykorzystanie emisji fotonowej do identyfikacji stopnia zanieczyszczenia mikrobiologicznego płynnych substancji 
biologicznych). 
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Introduction 
 Electromagnetic ultra-weak radiation, invisible to the 
naked eye, accompanies living matter continuously and 
illustrates processes of cell transformation that involve free 
radical reactions. In the undisturbed state of a living object, 
the ultra-weak stationary photon emission reflects the 
oxidoreductive equilibrium state of the cell, whereas 
changes in the intensity of this emission and the rate of 
occurrence of these changes are correlated with the 
response of the cells to an appropriate stimulus from the 
environment. Photon emission is not visible to the naked 
eye. This is due to the number of photons emitted in the 
visible range - it lies below the absolute energy threshold of 
our eye's sensitivity. All these factors contributed to the fact 
that it was observed only in the 20th century and is not yet 
fully understood. The existence of ultra-weak photon 
emission was finally confirmed in the second half of the 
20th century. The registration of this radiation required the 
use of appropriate measurement techniques. In the 1950s, 
a photomultiplier was invented, which contributed to the 
immediate development of research on the phenomenon of 
ultra-weak luminescence on biological and later animal 
systems. This development was initiated by an experiment 
of two Italian physicists Colli and Facchini, who, by using  
a photomultiplier, observed the existence of radiation in the 
visible light range of plant seedlings [1]. 
 In recent years at the University of Agriculture University 
of Agriculture in Krakow a number of studies on photons 
have been carried out. The objects studied included: oil, 
bread, fruit, white, dark and milk chocolate [2-5]. The 
experiments conducted allowed us to observe logical 
relations between the number of photons emitted by the 
studied samples and the degree of their processing and 
concentration of active substances contained in them. 
These observations allowed us to conclude that a lower 
number of emitted photons is correlated with a higher 
content of substances negatively affecting the state of the 
food product, while a higher number of emitted photons is 
associated with health-promoting qualities of the food being 
the object of study. It is worth noting that despite the fact 
that the method of photon counting was discovered in the 
last century - it is still considered a novelty and is rarely 

used [6]. It is important for the development of research to 
strive for the construction of better and more modern testing 
devices, which will be equipped with high quality 
photomultipliers giving the possibility of examining photon 
emission in different ranges of wave frequency [7]. 
 Bacteria and viruses can survive on surfaces and then 
be transferred to the hands of a person and later infect 
food. Survival of microorganisms on inanimate surfaces 
depends on many factors, including species, humidity, 
temperature, materials, and surface properties. Bacteria 
tend to be found in higher numbers on porous surfaces and 
in moist conditions [8,9]. The incidence of foodborne 
infections has increased worldwide over the past few years, 
and a significant number of people are at risk [10]. Gram-
negative and Gram-positive bacterial pathogens are at the 
epicenter of most reported cases [11]. In addition to causing 
infections, Gram-negative bacteria in food can also be toxic 
by producing endotoxins in the food. Endotoxins are 
ubiquitous heat-stable lipopolysaccharide (LPS) complexes 
found in the outer cell membranes of Gram-negative 
bacteria [12]. The potency of endotoxins varies among 
bacterial species [13]. Human exposure to endotoxins can 
lead to many health complications such as septic shock, 
development of microvascular abnormalities, multi-organ 
failure and disseminated intravascular coagulation [14]. 
There is a need for food surveillance to ensure consumer 
safety and to monitor factors associated with food 
production [15-17]. Such factors include poor handling 
practices, non-standardized processing methods, 
involvement of various microbes and unsanitary counter 
display practices that may facilitate their contamination with 
pathogenic microorganisms and their toxins [18]. 
 Enterococci are Gram-positive, facultative anaerobic 
granules. They are inherently resistant and able to survive  
in a wide range of hostile conditions and can persist in the 
environment for long periods of time [19]. They are known 
as commensals in the gastrointestinal tract, and play an 
important role in the ripening of foods and the development 
of specific flavors of various cheeses and can also cause 
spoilage of some meats [20,21]. Enterococci have gained 
importance as a cause of nosocomial infections, but they 
also occur as food contaminants and have been linked to 
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dental disease. E. faecalis has great potential to spread 
virulence as well as antibiotic resistance genes through 
horizontal gene transfer [22,23]. 
 Although Pseudomonas aeruginosa is well known as a 
leading human opportunistic pathogen, it is an 
underappreciated microorganism in food safety. Due to its 
high adaptability and low growth requirements (low nutrient 
and moisture content), P. aeruginosa is widely distributed in 
the environment  and commonly transmitted by humans, 
which consequently can cause food safety problems. In 
food spoilage or food poisoning, P. aeruginosa is frequently 
reported in water, dairy products, meat and plant-based 
foods [24].  
 The aim of this study was to determine the effect of 
microbial contamination understood as the number of 
microorganisms in a unit of liquid biological substance on 
the photon emission of the above mentioned substance. 
Such identification allows to parameterize the process. of 
microorganisms multiplication in the substance with the 
photon emission rate, which will create a quick and contact-
free method of estimating the concerned abundance of 
microorganisms. 
 
Material and methods 
 During the experiments, strains from the strain collection 
of the Laboratory of Experimental Research Techniques of 
Raw Materials and Biological Products: Enterococcus 
faecalis ATCC 29212 and Paseudomonas aeruginosa 
ATCC 278596, which are representatives of Gram positive 
and Gram negative bacteria, respectively. In order to 
restore vital functions, the test microorganisms were 
reductively inoculated on TSA solid media. The procedure 
was carried out using a laminar chamber creating sterile 
conditions to eliminate unwanted contamination. The culture 
was conducted for 24 hours at 37°C. Suspensions of the 
test microorganisms were then prepared with optical 
densities of 0.2; 0.4; 0.6; 0.8 and 1 on the McFarland scale, 
described e.g. in [25,26]. The optical density of the sample 
was measured using a DEN-18 densitometer. Photon 
emission of the suspensions in question was determined in 
the Laboratory of Experimental Research Techniques of 
Raw Materials and Biological Products, which is accredited 
by the Polish Centre for Accreditation No AB 1698 for this 
type of measurements. In order to perform the experiments, 
the author's measuring system was used (Fig. 1), which 
allows recording the number of photons emitted per unit 
time. The measuring stand consists of a photon emission 
detector HAMAMATSU photomultiplier R4220 type, a light-
proof chamber, a central unit (computer) and a monitor (for 
data reading in BioLumi software). 
 Single photon counting method was used to determine 
the ultra-weak photon emission. The time interval of the 
single photon counting operation was experimentally 
determined each time depending on the tested material. 
The minimum length of the time interval of staying of the 
sample in the light-proof chamber was taken as the 
appropriate time when the difference in the number of 
photons counted between two directly adjacent one-minute 
time intervals is less than 10%. The ultra-weak photon 
emission measurement result is the absolute difference 
between the number of photons recorded by the 
photomultiplier in the light-tight chamber with material and 
the number of photons recorded by the photomultiplier in 
this chamber without material, according to the relation 
L=A-B [photon], where: L - the number of photons emitted 
by the test sample, A - the number of photons emitted by 
the sample placed in the light-proof chamber, B - the 
number of indications (photons) generated by the empty 
light-proof chamber. Calibration of the sensor was 

performed each time on the day of the measurements and 
consisted in determining the ratio of the system response to 
a standard radiation dose. The experimentally determined 
time interval for a single measurement was 30 minutes. 
Before photon analysis of the microorganism samples, the 
sample was each time weighed and thermally stabilized. 

 
 
Fig. 1. Ultra-weak photon emission test rig: a - photosensitive 
element (photomultiplier R 1538-13), b - light-proof chamber, c - 
instrument interface, d - central processing unit (computer), e - 
BioLumi software interface 
 
Results 
 In this study, the luminescence properties of two types 
of bacteria, viz: Pseudomonas aeruginosa ATCC 27859 
and Enterococus fecalias ATTC 29212. Figures 2 and 3 
show the total number of photons emitted from the 
suspensions taking into account the different unit number of 
microorganisms in the suspension. The number of 
microorganisms was determined by photon emission 
measurement and the optical density method, which is 
recognized in this type of determinations.  

 
Fig. 2. Photon emission for suspension with microorganisms of the 
group Enterococus fecalias ATTC 29212 in relation to the 
quantitative structure of microorganism 
 

 
 
Fig. 3. Photon emission for the suspension with microorganisms of 
the group Pseudomonas aeruginosa ATCC 27859 in relation to the 
quantitative structure of microorganisms 
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 It was found that for the analysis of Enterococus fecalias 
ATTC 29212 microorganisms, the suspension with an 
optical density of 1 McF had the highest number of emitted 
photons, where the total number of photons was 38 pulses 
(Figure 2). In contrast, the summed number of emitted 
photons in the other suspensions with lower optical 
densities was less than 30 pulses in each case. A 
significant difference in the number of emitted photons of 
relatively about 30% was found between the suspension 
with an optical density of 0.8 McF and the suspension 
where the optical density was 1 McF. The differences in 
photon counts between the other suspensions were not 
statistically significant. It should be stated, however, that 
although there were no statistically significant differences in 
the results of the different compartments in the microbial 
counts, there was a great convergence in the results of 
determining the number of microorganisms in the 
suspension, by the single photon counting method and by 
the optical density method. 
 In the case of microorganisms Pseudomonas 
aeruginosa ATCC 27859, it was noted that the highest 
number of emitted photons was in the suspension with an 
optical density of 1 McF (Figure 3). In this case, the total 
number of photons was 58 pulses and this value was 
comparable to the number of photons recorded for the 
suspension of microorganisms Pseudomonas aeruginosa 
ATCC 27859, where the optical density was 0.8 McF and 
the total number of photons was 57 pulses. A significant 
difference in the number of emitted photons was found 
between the suspension with an optical density of 0.4 McF 
and the suspension where the optical density was 0.6 McF. 
In this case, there was almost a threefold difference in 
photon emission (32 photons). A slightly smaller, twofold 
difference in photon emission was observed between the 
first optical density interval of 0.2 McF (smallest unit number 
of microorganisms) and the optical density of 0.4 McF. 
 Analyzing the photon emission structure of the 
suspension with microorganisms of the group Enterococus 
fecalias ATTC 29212 in individual measurement time 
intervals, it was noted that for an optical density of 0.2 McF, 
the highest value of photon emission was 21.5%, which was 
recorded in the interval 301-600 s (Fig.4). For an optical 
density of 0.4 McF, the highest value in the photon emission 
structure of more than 23% was recorded in the interval 
between 1501-1800s. On the other hand, for the optical 
density of 0.6 McF, the highest value of emission was 
observed in the interval between 301s and 600s, which was 
19.6%. For an optical density of 0.8 McF, the highest 
photon emission value was observed in the measurement 
time interval between 1501s and 1800s, where 20.6% of the 
total number of emitted photons was found for this variant of 
microbial abundance. 
 

 
 

Fig. 4. Photon emission structure during suspension with 
microorganisms of the group Enterococus fecalias ATTC 29212 in 
relation to the quantitative structure of microorganism 

 Analyzing the structure of photon emission for the 
abundance of the suspension of microorganisms with an 
optical density of 1 McF, it was found that the largest share 
of photon emission in relation to the total measurement 
interval was characterized by the time interval between 901-
1200s, where the sum of emitted photons accounted for 
19.6% (Fig. 4). 
 Considering the photon emission structure of the 
suspension with microorganisms of the Pseudomonas 
aeruginosa ATCC 27859 group in individual measurement 
intervals, it was noted that for the variant of optical density 
of 0.2 McF the highest value of the photon emission 
structure was 20% and occurred in the time interval from 
1501s to 1800s (Fig. 5). On the other hand, for the optical 
density of 0.4 McF, the largest emission value was 
observed in the time interval from 301s to 600s, which was 
26.3%. It should be noted that this was the highest value of 
photon emission contribution of all the density variants of 
the tested samples. On the other hand, for the optical 
density of 0.6 McF, the highest value of emission was 
observed in the time interval from 301s to 600s, which was 
19.7%. 
 

 
Fig. 5. Structure of photon emission during suspension  with 
microorganisms of the Pseudomonas aeruginosa ATCC 27859 
group in relation to the quantitative structure of the microorganisms 
 
 In the case of optical density of 0.8 McF, the highest 
value of photon emission was found in the measurement 
time interval from 901s to 1200s, where 20.6% of the total 
number of emitted photons was found for this variant of 
microorganism abundance. In the case of the structure of 
photon emission for the abundance of suspended 
microorganisms with an optical density of 1 McF, it was 
found that the largest share of photon emission in relation to 
the total measurement interval was characterized by the 
time intervals between 601-900s and 1501-1800s, where 
the sum of emitted photons accounted for 17.9% (Fig. 5).
 It was observed that in the optical density range of the 
suspension with microorganism of the group Enterococus 
fecalias ATTC 29212 from 0.2 McF to 1 McF, an increase in 
optical density of 0.1 McF will result in an increase in 
photon emission of 0.03847 pulses/gram of suspension, 
This relationship was described by a linear function of the 
form 𝑦 = 0.3847𝑥 + 1.3387, where the coefficient of 
determination was 0.6 has the form, and the unit increase in 
photon emission is constant and proportional to the unit 
number of microorganisms. However, in the case of the 
relationship between the number of emitted photons of a 
suspension with microorganisms of the group 
Pseudomonas aeruginosa ATCC 27859 and the unit 
number of microorganisms identified in the subject 
suspension by optical density, it was found that in the range 
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of optical density from 0.2 McF to 1 McF, an increase in 
optical density of 0.1 McF will result in an increase in 
photon emission of 0.259 pulses/gram of suspension. This 
relationship was described by a linear function where the 
coefficient of determination was 0.7 and the equation has 
the form 𝑦 = 2.5936𝑥 + 0.1848, where the unit increase in 
photon emission as in the case of the suspension with 
microorganism of the group Enterococus fecalias ATTC 
29212 is constant and proportional to the unit number of 
microorganisms in the suspension. 
 
Conclusion 
 It was found that with the increase in the number of 
microorganisms in the suspension, the number of photons 
emitted increases and the trend of this increase can be 
described by a linear function or a second-degree 
polynomial with a coefficient of determination exceeding 
0.9, except for microorganisms of the group Enterococus 
fecalias ATTC 29212, where the matching coefficient was 
slightly over 60%. The method used to determine the 
abundance of Enterococus fecalias ATTC 29212 and 
Pseudomonas aeruginosa ATCC 27859 by measuring the 
photon emission from the suspension showed a high 
convergence of results compared to the determination of 
the above mentioned parameter by the optical density 
method. Therefore, it can be concluded that the photon 
emission method is an effective way to measure the degree 
of contamination of liquid biological substances. 
 
Authors: Anna Miernik MSc Eng, University of Agriculture in 
Krakow, Faculty of Production and Power Engineering, Balicka Av. 
116B, 30-149 Krakow, E-mail: anna.miernik@urk.edu.pl; Paweł 
Kiełbasa Assistant Profesor, University of Agriculture in Krakow, 
Faculty of Production and Power Engineering,Balicka Av. 116B, 30-
149 Krakow, E-mail: pawel.kielbasa@urk.edu.pl; Tomasz Dróżdż 
Assistant Profesor, University of Agriculture in Krakow, Faculty of 
Production and Power Engineering, Balicka Av. 116B, 30-149 
Krakow, E-mail: tomasz.drozdz@urk.edu.pl; Bartłomiej Wiśniowski 
MSc Eng, University of Agriculture in Krakow, Faculty of Production 
and Power Engineering, Balicka Av. 116B, 30-149 Krakow,, E-mail: 
barteklive97@gmail.com 
 

REFERENCES 
[1] L. Colli, U. Facchini, G. Guidotti, R. Dugnani-Lonatti, M. 

Orsenigo, O. Sommariva, Furthermeasurements on the 
bioluminescence of the seedlings, 481.„Experientia” 1955, vol. 
11, s. 479. 

[2] Nawara P., Trzyniec K., Dróżdż T. [i in.], Analiza możliwości 
identyfikacji parametrów jakościowych oliwy przy wykorzystaniu 
ultrasłabej luminescencji wtórnej,  Przegląd Elektrotechniczny, 
2020, vol. 96, nr 2, s.117-120 

[3] Oziembłowski M., Dróżdż M., Kiełbasa P.[i in.], Ultra słaba 
luminescencja (USL) jako potencjalna metoda oceny jakości 
żywności tradycyjnej, Przegląd Elektrotechniczny, 2017, vol. 
93, nr 12, s.131-134 

[4] Trzyniec K., Kiełbasa P., Oziembłowski M. [i in.], Wykorzystanie 
emisji fotonów do oceny jakości jabłek, Przegląd 
Elektrotechniczny, 2017, vol. 93, nr 12, s.183-186 

[5] Trzyniec K., Popardowski E., Juliszewski T., Baran D., Miernik 
A., Wykorzystanie ultrasłabej emisji fotonowej do klasyfikacji i 
oceny jakości czekolad, „Przegląd Elektrotechniczny”, ISSN 
003-2097, R. 95, NR 12/2019, s. 229 

[6] Gałązka-Czarnecka, I.; Korzeniewska, E.; Czarnecki, A.; Sójka, 
M.; Kiełbasa, P.; Dróżdź, T. Evaluation of Quality of Eggs from 
Hens Kept in Caged and Free-Range Systems Using 
Traditional Methods and Ultra-Weak Luminescence. Appl. Sci. 
2019, 9, 2430. https://doi.org/10.3390/app9122430 

[7] Kiełbasa P, Dróżdż T, Nawara P, Dróżdż M., Wykorzystanie 
emisji biofotonów do parametryzacji jakościowej produktów 
spożywczych Przegląd Elektrotechniczny, ISSN 0033-2097, R. 
93 NR 1/2017 

[8] Barker, J., Stevens, D., Bloomfield, S. F. (2001). Spread and 
prevention of some common viral infections in community 
facilities and domestic homes. Journal of Applied Microbiology, 
91, 7–21. 

[9] Rusin, P., Maxwell, S., Gerba, C. (2002). Comparative surface-
to-hand and fingertip-to-mouth transfer efficiency of gram-
positive bacteria, gram-negative bacteria, and phage. Journal 
of Applied Microbiology, 93, 585–592. 

[10] J.I. Cho, S.H. Lee, J.S. Lim, Y.J. Koh, H.S. Kwak, I.G. Hwang 
Detection and distribution of food-borne bacteria in ready-to-eat 
foods in Korea Food Sci. Biotechnol., 20 (2011), pp. 525-529 

[11]R.V. Sudershan, R. Naveen,Kumar, L. Kashinath, V. Bhaskar, 
K. Polasa Food-borne infections and intoxications in 
Hyderabad, India Epidemiol. Res. Int., 942961 (2014), pp. 1-5 

[12]P.G. Adams, L. Lamoureux, K.L. Swingle, H. Mukundan, G.A. 
Montano Lipopolysaccharide-induced dynamic lipid membrane 
reorganization: Tubules, perforations, and stacks Biophys. 
J., 106 (11) (2014), pp. 2395-2407 

[13] C.R.H. Raetz, C. Whitfield Lipopolysaccharide endotoxins 
Annu. Rev. Biochem., 71 (2002), pp. 635-700 

[14] P. Kalita, L.M. Chaturvedula, V. Sritharan, S. Gupta In 
vitro flow-through assay for rapid detection of endotoxin in 
human sera: a proof-of-concept Nanomedicine, 13 (2017), 
pp. 1483-1490 

[15] Jakubowski T. 2018. Use of UV-C radiation for reducing 
storage losses of potato tubers. Bangladesh Journal of Botany, 
47(3), 533 537. 

 [16] Sobol Z., Jakubowski T., Nawara P. 2020. Application of the 
CIE L*a*b* method for the evaluation of the color of fried 
products from potato tubers exposed to C band ultraviolet light. 
Sustainability, 12(8), article number 3487. 

[17] Jakubowski T. 2018. The influence of microwave radiation at 
the frequency 2.45 GHz on the germination. Przegląd 
Elektrotechniczny, 94(12), 254-257. 

[18] Adekoya I,Obadina A, Olorunfemi M, Akande O, Landschoot 
S, De Saeger S, Njobeh P,Occurrence of bacteria and 
endotoxins in fermented foods and beverages from Nigeria and 
South Africa, International Journal of Food 
Microbiology,Volume 305, 2019, 

108251,https://doi.org/10.1016/j.ijfoodmicro.2019.108251. 
[19] Van Tyne, D., and Gilmore, M. S. (2014). Friend turned foe: 

evolution of enterococcal virulence and antibiotic 
resistance. Annu. Rev. Microbiol. 68, 337–356. doi: 
10.1146/annurev-micro-091213-113003 

[20] Franz, C. M., Huch, M., Abriouel, H., Holzapfel, W., and 
Galvez, A. (2011). Enterococci as probiotics and their 
implications in food safety. Int. J. Food Microbiol. 151, 125–
140. doi: 10.1016/j.ijfoodmicro.2011.08.014 

[21] Hammerum, A. M. (2012). Enterococci of animal origin and 
their significance for public health. Clin. Microbiol. Infect. 18, 
619–625. doi: 10.1111/j.1469-0691.2012.03829.x 

[22] Anderson, A. C., Jonas, D., Huber, I., Karygianni, L., Wölber, 
J., Hellwig, E., … Al-Ahmad, A. (2016). Enterococcus faecalis 
from Food, Clinical Specimens, and Oral Sites: Prevalence of 
Virulence Factors in Association with Biofilm Formation. 
Frontiers in Microbiology, 6. doi:10.3389/fmicb.2015.01534 

[23] Syrotiuk V., Syrotyuk S., Ptashnyk V., Tryhuba A., Baranovych 
S., Gielzecki J., Jakubowski T. 2020. A hybrid system with 
intelligent control for the processes of resource and energy 
supply of a greenhouse complex with application of energy 
renewable sources. Przegląd Elektrotechniczny, 96(7), 149-
152. 

[24] Xu, Z., Xie, J., Soteyome, T., Peters, B. M., Shirtliff, M. E., Liu, 
J., & Harro, J. M. (2019). Polymicrobial interaction and biofilms 
between Staphylococcus aureus and Pseudomonas 
aeruginosa: an underestimated concern in food safety. Current 
Opinion in Food Science. doi:10.1016/j.cofs.2019.03.006 

[25] Korzeniewska, E.; Szczęsny, A.; Lipiński, P.; Dróżdż, T.; 
Kiełbasa, P.; Miernik, A. Prototype of a Textronic Sensor 
Created with a Physical Vacuum Deposition Process 
for Staphylococcus aureus Detection. Sensors 2021, 21, 183. 
https://doi.org/10.3390/s21010183 

[26] Korzeniewska, E.; Szczęsny, A.; Lipiński, P.; Dróżdż, T.; 
Kiełbasa, P.; Miernik, A. Politowski K. Textronics Interdigitate 
Electrodes for Staphylococcus Aureus bacteria detecting, 
2021,  J. Phys.: Conf. Ser. 1782 012015 

 


