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	 Ensuring food and water safety has always been a health challenge globally. The 
present papers underscores HV-PEF (High Voltage Pulsed Electric Field), a novel approach to 
eliminate five kinds of microbes prevalent in milk and water in fractions of a second. These 
microorganisms are Enterobaracter aerogenes, Escherichia coli, Listeria monocytogene, 
Staphylococcus aurous, and Acetobacter. Objective was to find out the impact of HV-PEF on 
survival of selected species of bacteria, which are often considered as a concern for water 
and milk safety. A laboratory experimental setup was designed for producing HV-PEF, which 
was applied on sample of water and milk. The water sample was obtained from tap, and the 
milk sample was obtained from Bubalus bubalis. The microbial count was measured by plate 
method for both samples pre and post exposure to the HV-PEF. The effect was measured with 
combinations of varying field intensity and number of pulses, the intensity of the field having 
the highest value of 180 kV/cm (kilovolt-per-centimeter), and the pulse count varied between 
one to one hundred. Results showed, the endurance of few species was extremely low, at 40 
kV filed intensity and 40 pulses. Other microbes also demonstrated low survival ratio (SR) at 
more than 40kV with pulses-count above 40. Complete inactivation of E. coli was achieved at 
around 80kV. The inactivation of microbe by HV-PEF varies with morphology and shape of the 
microorganisms. The annihilation of microorganisms is due to the rupturing of cell wall of 
microbe by the effect of HV-PEF, instead of ohmic heating (resistance induced).
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	 Health issues related to food and drinks 
are highly concerning at global level. As per World 
Health Organization, 1 out 10 individuals become 
ill due to consuming contaminated food and 
approximately 420,000 fatal cases annually due 

to food poisoning1. Ensuring food and water safety 
has always been a challenge, and many techniques 
are developed to ensure food safety. This research 
focuses on 5 types of bacteria which are widely 
found in milk and water, these are Enterobacter 
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aerogenes, Escherichia coli (also known as E. 
coli), Listeria monocytogenes, Staphylococcus 
aurous, and Acetobacter. Enterobacter aerogenes, 
E. coli and Acetobacter are gram-negative whereas 
Listeria monocytogenes, Staphylococcus aurous 
are gram-positive in nature.
	 Literature review revealed that these 
microorganisms are one of the leading causes of 
food poisoning in tropical and equatorial countries. 
A study conducted in India revealed that the 
presence of Enterobacter aerogenes in food items 
increases the odds of food poisoning more than 
twice2.  A study in Iraq reported that consumption 
of E. coli contaminated water has caused five 
outbreaks and 1000 hospitalizations between 2013 
and 20213. The detrimental effects of these bacteria 
are not limited to liquid items, but also causes mass 
food poisoning via solid food items. Researchers 
have reported that in South Africa, adulteration 
of beef with horsemeat (which has high Listeria 
monocytogenes count) leads to serious health 
consequences and huge economic burden on the 
public health system4. 
	 A study conducted on ready-to-eat fruits 
available at street vendors in Nigeria revealed the 
presence of the antibiotic resistant Staphylococcus 
aurous. This research underscored that this could 
lead to the broad-spectrum antibiotic resistance 
development in the consumers5.
	 Next section briefly discusses plate 
technique and underscores the recent advancements 
in pasteurization, with focus on a novel technology 
called Pulse Electric Field (PEF) to annihilate the 
microorganisms.
	 Plate Technique: Traditional Plate 
Count  (TPC)  technique is used for quality 
verification of probiotic goods, which is based on 
the reproduction of bacterial cells on agar plates. 
The quantity of bacterial cells that can grow on 
the culture medium and their identity can be 
determined via culture-based analysis6. Fluorescent 
stains, which can detect living, damaged, and 
dead bacterial cells, are utilised to acquire a better 
understanding of the cells’ physiological status and 
metabolic activities7. In the present experiment for 
microbial inactivation, plate count technique has 
been utilised to calculate SR of the aforementioned 
five bacterial species.
	 Recent advancements in Pasteurization 
and Food Processing: Traditional pasteurization 

process is based on heating a liquid below 
its boiling point to inactivate the pathogenic 
and undesired microorganisms. The aim of 
pasteurization is to prolong the shelf life of 
wine, milk or any other liquid food item8. In the 
last couple of years, there has been some notable 
advancement in the field of pasteurization and food 
processing. Pasteurization technique is developed 
gradually since its inception and has variants 
namely thermalisation, holder vat pasteurization 
(low pasteurization), high pasteurization (High 
Temperature Short Time - HTST), sterilization and 
ultra-heating. These differ in temperature ranges and 
exposure duration9. Solar energy source-based 
techniques of pasteurization are also proposed. 
The major drawback of using solar energy based 
pasteurization is that it completely depends  on 
weather and geographical location. High Intensity 
Ultrasound Pasteurization (HIUS) has emerged as 
a non-thermal technique10.  It was found that the 
HIUS is faster and more effective in reducing the 
bacterial count than conventional HTST11. The 
thermal techniques such as ohmic heating is also 
gaining popularity due to its cost efficiency, but it 
has limitations such as alteration of food texture, 
complexity of operations and safety concern when 
operated at industrial scale12. 
	 Various experiments and studies had been 
conducted analyzing microbial destruction by use 
of High Voltage-Pulsed Electric Field (HV-PEF) 
with different set-up and methodologies. In an 
experiment conducted by a group of researchers13, 
the highest applied voltage was 40 kV/cm of 
bipolar square pulses of width ranging between 20 
to 180x10-6 s. They reported it as the most effective 
method for microorganism annihilation, however 
the species of microbes were not identified and 
only voltage range was specified, i.e. 12 to 40kV/
cm. A laboratory study explored the microbial 
inactivation by different kinds of shape of PEF 
wave14. Another experimental research reported 
inactivation of microorganisms (such as E. coli 
prevalent in water) with constant temperature, and 
further the impact of pulse electric-field on viruses 
was discussed15. A huge reduction in bacterial count 
of E. coli was reported at 110kV/cm. A proposed 
model PSpice and Pulse forming network of PEF 
demonstrated a potential of significantly limiting 
the growth of microalgae16. This is corroborated 
by another research which reported that the effect 
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of PSpice is disinfection of approximately 70% of 
microbes by 2-log in orange juice, where PEF was 
used for very short duration17. 
	 Few other studies analyzing the effect of 
PEF on milk (ranging from 10-40kV/cm), argued 
only E. coli microbes were inactivated18. A group 
of researchers investigated three bacterial species 
inactivation in fruit juice by using Cascaded 
H-bridge Multilevel Inverter (CHMI). The 
microorganism investigated were Saccharomyces 
cerevisiae, Staphylococcus Aureus and E. coli, 
and the CHMI was reported as a power efficient 
method of microbial inactivation for food in liquid 
and semi-liquid form. The finding of this study is 
corroborated by another experiment in which a 
square wave pulsed generator for the treatment of 
food items were utilized by the researchers who 
applied CHMI integrated PEF on food items19,20. 

Recent studies have highlighted and compared the 
PEF with ohmic heating methods. PEF is reported 
as a significantly efficient method for preservation 
of nutritive components on food items as it does 
not involve changes in temperature21. Coban 
and Fidan designed a circuit schematic for the 
generation of HV-PEF20. This circuit design was 
used by past researchers for the experiments with 
similar calculation technique of SR of five kinds 
of microbes present in liquid items, namely milk 
and water22, the results of which are supported 
by other studies23. A similar methodology is 
adopted in present study. The past literature 
provides evidence that PEF effects are significant, 
nevertheless the impact of PEF at a high voltage 
is not explored enough in regard to available tap 
water in residential areas of northern India from 
borewell and commonly available untreated milk. 
Researchers have indicated a scaled-up HV-PEF 
could be developed for industrial use. However, 
reviewing the existing literature revealed that 
limited types of microbes have been studied using 
only a Restricted Potential-difference per unit 
length with maximum value of 40kV.  
	 The present study attempts to answer the 
question; what is the effect of HV-PEF on five 
selected bacterial species in commonly available 
water and milk? The present study aims to find 
out the impact of HV-PEF on survival of selected 
species of bacteria, which are often considered as 
a concern for food safety. 

Materials and methods 

	 This experiment was conducted in 
November 2022 in a lab setting. The milk and water 
samples are poured into the PEF chamber, which 
is located between the anode and cathode. Five 
undermentioned prevalent bacteria were exposed 
to HV-PEF ranging from 0 to 180 kV/cm applied 
in water and milk, (i) Listeria monocytogene, 
(ii) Staphylococcus aurous, (iii) Enterobacter 
aerogenes, (iv) E. coli, and (v) Acetobacter. 
	 In the experiment dependent variable is 
‘Survival ratio’ of the microorganism which is the 
endurance of the microorganism towards HV-PEF. 
This is equal to the proportion of microbial count 
afterward application of HV-PEF and microbial 
count initially present in the sample. 
	 At a time, either ‘the number of pulses’ 
or ‘the peak voltage’ is used as an independent 
variable which is manipulated. If ‘number of 
pulses’ is used as an independent variable then 
peak voltage remains constant as control variable, 
and vice-versa. The experiment was conducted in 
lab setting with controlled temperature ranging 
between 27°-28° Celsius.
	 Logarithmic graph was used to depict 
the results. The ratio was explored at different 
combinations of voltage levels and pulse counts. 
The sample of milk was obtained from a local dairy 
supplier. The milk was collected from Bubalus 
bubalis (breed commonly known as ‘Murrah’). The 
water sample was obtained from tap (200 feet deep 
borewell water supply) of a residential area. Both 
samples were crude and previously unprocessed. 
The TDS (Total Dissolved Solids) of water sample 
was approximately 205 ppm measured by TDS 
meter (model: HM-TDS-3). The specific gravity 
of the milk sample was 1.038. For both water 
and milk the five bacterial species were identified 
and extracted using microscopy, and cultured in 
petri dishes separately. Then five samples of both 
items (milk and water) were treated by HTST 
pasteurization and checked for presence of any 
remaining microbes by methylene blue reduction 
and phosphatase tests.  After ensuring the samples 
are uniformly made free of bacteria, one single 
species of bacteria was reintroduced in the one 
sample of each item (milk and water). Such as 
E.coli in one water sample and one milk sample. 
After reintroducing all the bacterial species, all 
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ten samples were incubated for 24 hours at 37° 
Celsius in an incubator. Then using plate technique, 
the initial bacterial count was measured. After 
exposing these sample to different combinations 
of pulses and peak voltage, final bacterial counts 
were measured. Using these initial and final counts 
survival ratios was calculated and superimposing 
graphs were plotted.
	 The circuit schematic for an experimental 
setup to produce HV-PEF is depicted in figure 
1. Experimental laboratory setup is depicted in 
figure 2, which shows the treatment chamber for 
samples of water and milk, and high-voltage pulse 
generator. 
	 A maximum magnitude of 280kV can be 
obtained using this arrangement. The configuration 
consists of couple of multiplier circuit, electric 
field generator and electrodes. A resistance RL 
(high-value) is placed in the parallel connection 
with an impulse-capacitor (CI). Voltage (potential 
difference) Vi is generated across the circuit. 
The generated potential difference is regulated. 
When Vi is increased accompanied by closing of 
spear gaps (SG) with both CI connected in series, 
results in high voltage generation. Insulating 
rod (IS) is used to remove any residual surface 
charge. Ts denoted the zero ground potential. Two 
unidirectional diodes (GS) were used to unsure 
direct-current maintenance and the circuit safety 
from high voltage. Damping resistor (CJ) are 
linked in series with CI, and CJ is electrically 
charged by the damping resistors. The resistors 
RP and RT discharge the voltages of CI and CJ. 
The simultaneous breakdown of spear gaps (SG) 
is done by making the value of RH dramatically 
more in comparison to RT. 
	 The specifications of various elements 
of the circuit diagram and experimental setup are 
enumerated in Table 1. In the present study fluid 
items namely water and milk were utilized, the 
quantity taken is 50ml of each. The concentration 
of microbes (105 CFU/ml) for each the sample was 
high, so that high concentration of microbes give 
a more precise SR value.
	 For the data analysis MATLAB software 
(version 2014a) was utilized. Aforementioned 
methodology and similar setup are employed by 
other researchers to explore the impact of HV-PEF 
on fluid items (apple juice and cranberry juice)24,25.

Mechanism of Bacterial Destruction
	 Electric field has a tendency of polarizing 
the non-vegetative bacterial cell. PEF acts by 
hampering peptidoglycan compounds that are 
responsible for maintaining the structural integrity 
of the bacterial cell wall26. 
	 When the bacteria are exposed to 
increasing PEF, when a certain level of electric 
field is reached formation of hydrophilic pores 
in the bacterial membrane (cell wall) takes place, 
allowing effective mass transfer. When the field 
intensity is increased furthermore (i.e. either 
number of pulses, exposure duration or amplitude), 
an irreparable damage to the cell membrane 
occurs27. This leads to complete loss of the bacterial 
cell’s structural integrity and cell death. In the 
present set-up same destruction of microorganism 
is based on the same phenomenon.

Results

	 Overall, a markedly high proportion 
(99.9%) of the aforementioned microbes were 
eliminated. The findings of the experiments are 
represented in two sections, as the experiment is 
done on milk and water samples separately. For 
each section finding in terms of survival ratio is 
depicted in graphical form.
Experimental findings for milk sample
	 Figures 3(A) and 3(B) show experimental 
results for microbial inactivation of E. coli, 
Listeria monocytogene, Enterobaracter aerogenes, 
Acetobacter and Staphylococcus aurous in 
the milk sample. Each bacterial species under 
investigation demonstrated varied endurance at 
different voltage levels and number of pulses 
imposed on the sample. Bacterial destruction 
is due to exposure to intensified electric fields, 
instead of resistance induced heating. The highest 
number of pulses is 100 along with highest applied 
voltage approximately 160kV. The number of 
microorganisms present in the milk before and 
after application of HV-PEF is counted by the plate 
count approach. The initial number of bacteria is 
Ni, while the microbial count after high voltage 
exposure is Nf. The calculation of endurance (SR) 
is done by dividing Nf by Ni. 
	 Figure 3(A) depicts a graph of the SR 
against the number of pulses at a fixed highest 
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Fig. 1. Circuit diagram for experimental setup for HV-PEF generation

voltage (100kV), for the milk sample. The SR of E. 
coli decreases by 6th power of magnitude (1x10-6) at 
pulse-count 40. Acetobacter demonstrated similar 
SR at around 80 pulse-counts. At 100 pulses, the 
SR for Enterobaracter aerogenes is 0.000001. At 
100 pulse-count, SR for Staphylococcus aurous 
is 1x10-4. Listeria monocytogene SR remained 
unchanged till 40 pulse counts but further increase 
in pulse counts (at 100 pulses) led to decrease in 
SR (0.001).
	 The SR and peak voltage are presented 
in Figure 3(B) with the pulse number constant at 
50 for the milk sample. The SR for the E. coli and 
rest of the microbial species showed a significant 
difference. In case of E. coli, the ratio is 0.0001 
at 40kV, which drops remarkably to 1x10-6 at 
80kV, and then remains unchanged, whereas for 
Acetobacter at 80kV the ratio is 0.0001 which 
reduces further at 120kV to 1x10-6. The biggest 
reduction in the SR for Staphylococcus aurous 
is 1x10-4, which remained constant after 80kV. 
Enterobaracter aerogenes has a SR of 1x10-6 which 
is achieved at 160kV. The data revealed that the 
endurance of Listeria monocytogene is unchanged 
till 40kV but at higher voltage (approx. 160kV), 
the SR drops to 0.001.

Experimental findings for water sample
	 Figures 3(C) and 3(D) show experimental 
findings for microbial inactivation of E. coli, 
Enterobaracter aerogenes, Listeria monocytogene, 
Acetobacter and Staphylococcus aurous, in the 
water sample.  Figure 3(C) depicts the endurance 
of water microorganisms versus the count of pulses 
at an unchanged maximum voltage of 100 kV. The 
SR for E. coli declines rapidly, reaching 1x10-6 at 
40 pulses and remaining constant up to 100 pulses. 
Acetobater, Enterobaracter aerogenes, Listeria 
monocytogenes and Staphylococcus aurous had 
similar SRs.
	 The overall findings suggest that SR of 
microorganisms are inversely proportional to the 
intensity and pulse counts.
	 Figure 3(D) represents the effects of 
changing peak voltage up to 160kV on SR in the 
water sample. E. coli and Acetobacter exhibit 
lowest SR in comparison to other species included 
in the experiment. Enterobaracter aerogenes, 
Listeria monocytogenes and Staphylococcus 
aurous showed lower survival rates. 
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Table 1. Configuration details of experimental setup

S. No.	 Components                                      	 Specifications

1	 Electrodes (anode and cathode)	 Disc plates (parallel adjusted), Contour edge, 
		  Alignment: Horizontally
		  Built Material: Brass
		  Contact Area: 64 sq. cm 
2	 Sample Volume	 50 ml Water
		  50 ml Milk
6	 Treatment chamber 	 Built Material: Perspex
7	 Voltage Range (minimum to maximum)	 0.001 to 180 (kV)
8	 Maximum field	 225kV/cm
9	 Shape of Impulse	 1.2/50 µsec
	 Capacitors	 Load capacitor: 1.20 nF
		  Impulse capacitor: 25.00 nF
		  Capacitor for standard media: 5.06 µF
		  Water capacitance: 4.03 µF
		  Milk capacitance: 8.57 µF
11	 Resistors	 Wave resistor (front): 245 ohms
		  Wave resistor (tail): 2400 ohms

Fig. 2. Laboratory setup for experiment

Discussion

The empirical results revealed by the present 
experiment are corroborated by the findings of 
past studies, however the incorporation of plate 
techniques with HV-PEF is novel approach13,14. 
It is evident that the SR of microbes is inversely 

proportional to the peak voltage value and the 
number of pulses imposed on food sample. 
Findings of the present experiment revealed 
a dramatic change in SR (by approximately 
four orders of the magnitude). This experiment 
revealed the most significant effect of HV-PEF 
was on E. coli among all microbial species 
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Fig. 3. Variation of SR with change in pulse-count and peak-voltage. 
(A) SR versus the high voltage pulses (counts) at peak volt 100kV, for milk sample. (B) SR versus peak voltage with constant 
pulses number at 50, for milk sample. (C) SR versus the high voltage pulses (counts) at peak voltage 100kV, for water sample. 

(D) SR versus peak voltage with constant pulses number at 50, for water sample.

under investigation. E. coli was found to have 
least resistance towards HV-PEF, as this species 
of microorganism demonstrated lowest SR at 
lowest peak voltage and lowest number of applied 
pulses for both water and milk. An important 
finding of this experiment is that destruction of 
microorganisms is by the rupturing of cell wall by 
the effect of HV-PEF, instead of ohmic heating27. 
Same impact has been reported on other bacterial 
species by other researchers28. The inactivation of 
microbe by HV-PEF depends on the morphology, 
shape, and dimension of that microorganism. The 
findings are indicative of HV-PEF technology 
as a substitution for traditional ohmic heating as 
well as other preservative techniques that involve 
addition of chemicals to beverages, milk, and other 
food items29. Two most common such chemicals 
are sulfur dioxide and hydrogen peroxide, which 
acts as an antioxidant. Besides tempering with 
the nutritive properties of the food, these also 
have detrimental physiological impact on the 
human body29,30. It is worth mentioning, in recent 

years the researchers have shown the recovery of 
Staphylococcus aureus and other bacteria after 
exposure to PEF in milk and water sample31. 
Nevertheless, the advantages of HV-PEF over 
other conventional methods cannot be ignored and 
needs more comprehensive comparative analysis 
with other methods. 

Conclusions

	 The HV-PEF does not involve change in 
temperature or any heating mechanism, therefore 
the taste of the food sample remains unaltered. 
Further, the researchers have argued that the 
components and enzymes contained in food items 
do not get hampered by PEF and is more efficient 
in preserving the majority of nutritive compounds 
of milk32. The physical characteristics such as color 
and colloidal stability also remain unchanged33. 
Limited number of studies are done on safety 
aspect of PEF processing and have reported 
consumption of PEF treated liquid food item is safe 
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for human being34.  These findings imply that this 
experimental method have industrial application 
for food processing and could substitute traditional 
pasteurization techniques. Research should be 
carried out to make use of above stated properties 
of HV-PEF in a scaled-up model for industrial 
use35. The cost aspect of this technology should 
be explored while designing a full-scale industrial 
model. 
	 The research has shown that the population 
residing in rural and low socioeconomic regions is 
already underprivileged and vulnerable especially 
in terms of health36. Therefore, the research on 
portable setup (for domestic use) powered by 
solar energy could prove extremely efficient and 
technologically appropriate for rural and remote 
areas of underdeveloped nations. It is intriguing 
to point out, an Artificial Intelligence integrated 
system could be conceptualized to develop more 
advanced models, where microbial counting 
by plate technique and automated deactivation 
are amalgamated with hybrid powering options 
(electric and solar). At present there is lack of 
literature in this regard, this needs further analysis 
to come up with such models and prototypes.
Limitation
	 In this experimental study we provide 
evidence regarding the association of the impact of 
HV-PEF and morphology of bacteria. In the study 
we analyzed only five species, however, there are 
many other types of bacteria found in water and 
milk. The present study does not report the effect 
of HVPEF on bacterial spores and other viral 
pathogenic species. This needs to be examined in 
future research.
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