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Abstract 

 
The world's perishable and imperishable food production is rising as a result of 

agricultural technological advancements, but the production is greatly influenced by the 

cyclical nature of the world's seasons. As a result, civilised society has adopted food 

processing and preservation techniques to preserve such seasonal food and supply consumers 

all year long. Although thermal preservation techniques have been around for a while, they 

significantly modify the food being preserved, especially its flavour. Demand for alternative 

food processing processes is rising internationally due to healthy eating trends and desires for 

high-quality foods. The growing demand for high-quality, fresh-like food items has led to 

research on non-thermal food processing techniques. An novel method for improving food 

quality that replaces traditional thermal methods is called pulsed electric field (PEF). PEF 

technology benefits include shorter processing times, lower process temperatures, and 

environmental friendliness. The PEF procedure works by exposing a food product to a pulsed 

electric field in a treatment zone. PEF causes a trans-membrane potential to be produced 

between cell membranes, which results in cell death when a microbe is exposed to it. The 

effectiveness of the PEF therapy may be determined using both biological and electrical data, 

such as cell size and structure, such as voltage amplitude, pulse width, and frequency. Since 

the PEF technology's parameters are interdependent, it is possible to study the impact of each 

parameter alone as well as in conjunction with the others. If the electrical energy transmitted 

to the food product is increased, the bacteria may be greatly inactivated newline. 
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Introduction 

 

Commercially, liquid food is preserved using a quick, high-temperature method 

(HTST). Although the heat treatment lengthens the shelf life of liquid food, it also alters the 

flavour, chemical makeup, and nutritional quality. As a result, non-thermal food processing 

technology is needed, and among all other non-thermal food processing methods, the PEF 

method emerges as a potential technique. PEF treatment is a desirable technology that has 

recently received attention due to research into how it affects cell membranes in the 

biotechnology and food industries (Haberl et al. 2013; Kotnik et al. 2015; Puertolas 2012). 

 

The first researchers to explain how bacteria are inactivated by PEF were Sale & 

Hamilton in 1967. They provided results that encouraged researchers to further their PEF 

technology research. Following that, numerous news about the deactivation of 

microorganisms using the PEF method were published. The varying outcomes of PEF study 
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by different researchers may be explained by a number of related aspects. While comparing 

the contrast results obtained by various research teams is very challenging, it is possible by 

taking into account generic parameters like the efficiency determinant factors in the PEF 

treatment. The PEF technique is now at the research stage alone due to technological 

restrictions. Unreliable industrial equipment is in fact a significant factor in the system's 

inability to be upgraded (Toepfl, 2012). Poor operating procedures, treatment condition 

control, and monitoring are the other important factors. Therefore, more information is 

needed for the commercial applications of PEF technology in order to improve the 

treatment's reproducibility. 

 

Major factors affecting PEF affecting PEF treatment efficiency 

 

Several variables affect how well the bacterium is inactivated. The elements may be 

categorised into three groups: PEF processing factors, biological elements, and treatment 

medium characteristics. In addition to the aforementioned variables, the efficiency is also 

impacted by the PEF equipment used for the procedure. The following are brief explanations 

of the parameters that are used to calculate PEF efficiency. 

PEF Processing Parameters  

The electrical pulse amplitude, electric field strength, treatment duration, pulse width, 

number of pulses, pulse frequency, and pulse type energy, and pulse incidence are typical 

process variables that affect PEF therapy effectiveness. 

Intensity of the electric field 

Field strength created in the food therapy room is determined by the electric field 

intensity. It is reliant on on the applied voltage in the conduct chamber's space between the 

electrodes geometry, the size, shape, and distribution of the liquid food's dielectric 

characteristics between the electrodes. 

For parallel plate electrode arrangement the uniform electric field, with the exception 

of its minor electrode edge effects inside the treatment chamber (Donsi et al. 2007). 

However, a non-homogeneous electric field is experienced in various chamber arrangements, 

such as co-linear electrode configuration. 

To inactivate the bacteria, the intensity of the electric field typically must be between 

4 and 14 kV/cm (Castro et al. 1993). Though, certain literature have shown that using electric 

fields up to 100 kV/cm on food for a continuous treatment procedure is feasible (Smith et al. 

2002). 

Treatment time 

Time of treatment, that is figured out by multiplying the pulses given to the food 

product by the width of pulse, is the length of time that microorganisms are efficiently 

treated. Increasing quantity of pulses or the pulse breadth often raises the inactivation level. 

The pulse shape affects the pulse width. Exponential or square wave pulses with either 

unipolar or bipolar polarities are the most often employed pulse types in PEF therapy 

(Barbosa et al. 1999; Sale & Hamilton 1967; Aronsson et al. 2001b). 
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Pulse width 

The length of time the voltage is maintained at its greatest level is known as the pulse 

width. Due to the low impedance of the food, when pulses of highest voltage are given to the 

product, voltage and current waveforms are changed, necessitating constant monitoring 

during the treatment. Width of pulse is define as the amount of time required to drop the 

voltage to 37% of its maximum in the event that pulses or pulse distortions occur during 

therapy. For the pasteurisation of food, a pulse width between microseconds and milliseconds 

is often used. Nevertheless, just a few studies have shown the inactivation impact of 

nanosecond pulses (Schoenbach et al. 1997). 2.2.1.4 pulsation rate 

Applied pulses quantity per unit of time is referred to as pulse frequency. The quantity 

of electrical energy provided to the food product within the chamber of treatment per unit of 

time is determined by pulse frequency, which is why it is crucial. Additionally, the PEF 

approach has recently discovered the pulse frequency as a crucial element in food 

technology. 

Energy density 

Energy density is the amount of electrical energy that a food product receives per 

each pulse. Energy multiplication density divided by the total number of pulses applied will 

provide the total intake of precise energy. According to a few studies, the electrical energy 

density is an appropriate metric for comparing the data that the researchers collected under 

various PEF treatment circumstances (Heinz et al. 2002). 

Temperature 

Despite the fact that it degrades food quality, temperature is a significant component 

that affects the pace at which microorganisms are inactivated. The temperature is elevated 

dramatically as a outcome of the strength of the electric field, pulse frequency, and pulse 

breadth. To reduce the associated heating impact, a research is needed before these 

parameters may be optimised. In the event of batch treatment, the temperature must be 

measured both before and after the PEF treatment. If the action is continuous, the 

temperatures at the input and output should be recorded. 

Biological Factors 

When placed under the same PEF treatment settings, various microorganism kinds 

exhibit varying degrees of inactivation. This may be as a result of their various sizes and 

forms (Sale & Hamilton 1967, 1968; Lado & Youcef 2003). According to reportsthe essential 

electric field has to be inactivate the microorganism relies on the size and orientation of the 

cells in relation to the strength of the electric field (Heinz et al. 2002). 

The structure of the cell outer sheath is crucial in the therapy of PEF because the cell 

outer sheath shields the cell against PEF due to its resistive nature. Gram-positive microbes 

are more resilient to the PEF because their walls are thicker and more robust than Gram-

negative germs. The administration of PEF causes the cell membrane to break, which causes 

the cell to bleed its tiny chemicals outside and become inactive. The culture of the 

microorganisms should be consistent since the preparation of the microbe might considerably 

alter its susceptibility to PEF. 
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PEF is more likely to affect microorganisms in their exponential development phase 

than in their stationary phase (Alvarez et al. 2002; Rodrigo et al. 2003). The efficiency of the 

PEF action is also impacted by the amount of bacteria on the food to be treated (Barbosa et 

al. 1999). For the same electric field intensity, Jayaram et al. (1992) gave an explanation for 

why trans-membrane potential is larger across cell clusters than it is across individual cells. 

Characteristics of the Treatment Medium 

The medium of analysis chemical and physical characteristics have an impact on how 

well the microorganism grows. For each food processing method, the treatment medium must 

be carefully determined since the food processing procedures also have a significant 

influence on it. 

among the most crucial elements in the PEF food treating process is the medium's 

conductivity. Typically, it depends on the medium's temperature (Reitler et al. 1990). The 

trans-membrane potential is raised by the presence of ions (Bruhn et al. 1997). Low 

conductivity food, as compared to high conductivity medium (food), rises the alteration 

between the cell's conductivity and medium. As a result, when the voltage is applied, the 

stress on the cell membrane rises, enhancing electroporation. However, when the 

conductivity rises due to the process temperature, so does the amount of electrical energy 

needed to inactivate the cells. Intensity of the electric field, temperature, and medium 

conductivity therefore have a dynamic connection. According to reports, increasing the 

inactivation level of the microbe is more challenging when it's suspended in a complicated 

food substance like milk than it is when it's in a buffer solution or a simple food substance 

(Ho et al. 1995; Dutreux et al. 2000). 

In relation to recent research, the pH level also influences how sensitive an organism 

is to certain therapies. The cell membrane is put under extra stress by the acidic and alkaline 

pH values, which raises the inactivation level. Similar to this, when using the PEF technique, 

a drop in the food's water activity similarly decreases the microorganism's degree of 

inactivation (Aronsson & Ronner 2001a). 

PEF Equipment and Treatment Chamber 

PEF generators come in a variety of varieties, and they have been around for a while. 

A source of high voltage, a power reserve component, a pulse converter, and a treatment 

chamber make up the fundamental PEF generator. Food processing methods include batch 

processing and continuous systems. The batch system is appropriate for investigations at the 

laboratory size, while the continuous system is appropriate for operations at the industrial 

scale. 

Two electrodes that surround the meal make up the therapy chamber. The electrodes 

might be set up as co-linear or parallel plates. The design of a parallel plate layout is the 

simplest and results in an evenly distributed a magnetic field inside the treatment area. 

Because of the broad electrode surface, it has low inherent resistance and runs at a high 

current, which causes unwanted electrochemical phenomena at the electrode borders. The co-

linear arrangement creates a non-uniform electric field over the treatment zone using tubular 

electrodes. Because of the small effective area, it delivers a high inherent resistance and runs 

at a lower current. Therefore, to achieve equal electric field distribution, a well built chamber 

is necessary. 
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Inactivation of microorganisms in juices by PEF process 

PEF application is regarded as a promising non-thermal food processing equipment 

for fruit juice pasteurisation. PEF technology has been particularly successful among liquid 

goods utilised the most for the treatment of apple juice, orange juice, milk, liquid eggs, and 

brine solutions. According to the investigations done thus far, a number of pathogenic 

microorganisms have sufficient levels of inactivation. According to studies, PEF has little 

impact on the nutritive value and worth of juices (Giner et al. 2001; Ayhan 2001). The 

strength of the electric field that is being used, rather than the byproducts of electrolysis or 

the temperature alone, is likely to be the basis of the inactivation of vegetative bacteria and 

yeasts by PEF (Evrendilek & Zhang 2003; Heinz et al. 2003). In addition, juices treated with 

PEF showed less colour change than untreated juices. In  

Microbes' inactivation and the lengthening of the post life of treated orange juice have 

both been the subject of numerous studies. Sale & Hamilton's (1967; 1968) findings 

demonstrate 2 log10 reductions at 19.5 kV/cm for 20 s with a 10 C temperature increase. By 

applying 30 and 50 kV/cm for 12 s at 55 C in orange juice, McDonald et al. (2000) reported 

the effect of PEF to inactivate Leuconostoc mesenteroides (L. mesenteroides) and achieved 

4.75 and 6.2 log10 reductions, respectively. E. coli O157:H7 suspended in orange juice was 

inactivated by PEF, as shown by Gurtler et al. (2010), who reported 1, 2.4, and 3.4 log10 

reductions for 75 s at 13.1, 19.7, and 23.7 kV/cm at 55 C, respectively. 

Heinz et al. looked into the outcome of temperature on the inactivation of E. coli in 

apple juice for the temperature sort of 35 to 70 C. (2003). In this study, when the temperature 

was raised from 40 to 50 C, a maximum of 7 log10 reductions of E. coli were accomplished 

at 24 kV/cm. It was made very clear that a rise in temperature resulted in a reduction in the 

amount of energy needed to produce the same log10 reductions in E. coli in apple juice. 

Saldana et al. (2011) also discussed the impact of temperature increase on the improvement 

of the inactivation level and found that raising the starting temperature to 20, 30, and 40 C, 

respectively, resulted in reductions of 0.5, 1.5, and 2.8 log10 of E. coli suspended in apple 

juice. When the input temperature was adjusted at 0, 50, and 55 C, respectively, Fleischman 

et al. (2004) found that the inactivation rate of Listeria monocytogenes (L. monocytogenes) 

inoculated in skim milk rose to 0.3, 1.5, and 4.5 log10 decreases. Salmonella typhimurium 

(S.typhimurium) was similarly inactivated at rates of 1.5, 2.9, 4, and 5 log10 decreases at 

temperatures of 15, 27, 38, and 50 C, respectively, at 30 kV/cm (Saldana et al. 2010). 

Therefore, raising the treatment temperature while increasing the electric field intensity may 

boost the PEF processing efficiency (Aronsson & Ronner 2001a, Lindgren et al. 2002). When 

the temperature was below 43 °C, PEF treatment of E. coli and Bacillus subtilis (B. subtilis) 

produced 2 log10 reductions by applying 15 to 30 pulses sequentially, and 5 log10 reductions 

were obtained after the temperature was raised to 53–55 °C under the same PEF 

circumstances (Vega et al. 1997). 

Salmonella enteritidis (S. enteritidis) was more effectively inactivated by Korolczuk 

et al. (2006) when they increased the pulse width from 0.05 to 3 s at 50 kV/cm, 15 C. 

However, he found no appreciable rise in the inactivation of S.enteritidis. For the pulse 

breadths of 1, 2, and 5 s that were applied at 25 kV/cm, Abram et al. (2003) studied the effect 

of pulse width on inactivation of Lactobacillus plantarum (L. plantarum) and demonstrated 

the effective inactivation of the L. plantarum. On the other hand, during PEF treating at 40 

kV/cm, extending the pulse width from 2.5 to 4 s did not increase the inactivation of L. 
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plantarum in an orange beverage (Sampedro et al. 2007). These conflicting findings might be 

the result of employing several PEF systems or pulses under various operating circumstances. 

More research relating the efficiency of various pulse waveforms have shown that 

square wave and exponential decay pulses are most proficient in inactivating 

microorganisms. However, square wave pulses store more energy, which means fewer 

cooling power is needed (Gongora-Nieto et al. 2002; DeHaan & Willcock 2002; Kotnik et al. 

2003). Instead, Qin et al. (2015) evaluated the inactivation of S. cerevisiae using square, 

oscillating, and non-oscillating exponential impulse waveforms with 67 and 80 kV/cm, and 

they found that the latter performed better with a maximum of 3 log10 decreases. 

Additionally, it was claimed that monopolar pulses were less effective in inhibiting microbes 

than bipolar pulses (Qin et al. 1994; Ho et al. 1995; Elez-Martinez et al. 2004, 2005). 

Pathogenic strains are known to commonly be present in unpasteurized orange juices 

and can cause severe foodborne disease. By using an electric field power of 29 kV/cm for 

172 s at 25 C, Evrendilek et al. (1999) found the inactivation threshold of 5 and 5.4 log10 

reductions of E. coli O157: H7 and E. coli 8739 in apple juice, respectively. E. coli O157:H7 

was reduced by 1.59 log10 at 22 kV/cm for 59 s at 45 C and by 2.22 log10 at 20 kV/cm for 

70 s at 55 C, according to Gurtler et al. (2010). Orange juice was found to contain S. 

typhimurium strains UK-1 and 14028 at decreases of 2.8 and 3.5 log10, respectively, in the 

same investigation. 

Hulsheger et al. (1983) found that Gram-positive germs and yeasts are more resistant 

to PEF treatment than Gram-negative germs when few pulses were reviewed. On the other 

hand, at 30 kV/cm for just 5 s (42 C) or 12 s (50 C), McDonald et al. (2000) showed 3.5 and 

6 log10 decreases of Listeria innocua (L.innocua). When compared to other microorganisms 

he took into consideration for the same experiment, he found that L.innocua (Gram-positive) 

was inactivated most completely with the fewest pulses at the lowest temperature. At 40 

kV/cm and 56 C for 100 s, McNamee et al. (2010) recorded 3.9 log10 reductions of 

L.innocua in orange juice. The different PEF treatment chamber designs, pulse shapes, 

chemical characteristics of the orange juice, and various bacteria growing techniques might 

all contribute to this disparity in inactivation level. L.monocytogenes was inactivated in apple 

juice by smearing 25 kV/cm for 31.5 seconds at 50 degrees Celsius and 37 seconds at 55 

degrees Celsius, respectively. However, in sour cherry juice, the same bacterium was 

inactivated by applying 27 kV/cm for 131 seconds at 20 degrees Celsius (Altuntas et al. 

2011). Since Gram-positive organisms are often less responsive to PEF therapy than Gram-

negative species, these findings were surprising. Additionally, he discovered that applying 6–

7 pulses reduced S. cerevisiae by a maximum of 2.5 log10 at 50 kV/cm, 55 C. He also 

observed that weaker electric fields and fewer pulses did not result in greater inactivation and 

discovered reductions of less than 1 log10. Again, this finding ran counter to the information 

provided by Hulsheger et al (1983). When two pulses were used and the beverage 

temperature was maintained below 23 °C, the inhabitants of Byssochlamys fulva conidio 

spores in tomato juice dropped by less than 1 log cycle at a voltage of 30 kV/cm. When 15 

pulses were administered under the same treatment circumstances, the inactivation rate rose 

to 4 log cycles (Raso et al. 1998). 

Orange juice that had been PEF-treated was the subject of experiments by 

Timmermans et al. in 2011. When the juice was analysed 58 days after the PEF treatment, the 

number of microorganisms was lower. Juice that had been PEF-treated was kept chilled at 4 

C. When treated at 29.5 kV/cm for 60 seconds at 30 C, orange juice's shelf life was increased 
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by 7 months, whereas untreated juice deteriorated within 30 days (Qiu et al. 1998). Yeom et 

al. (2000b) reported that orange juice treated by PEF under 35 kV/cm for 59 s had a post life 

of 112 days at 4 C. Alike effects were observed by Min et al. (2003a) with orange juice 

treated at 40 kV/cm for 97 s at 45 to 65 C in the marketable-scale (500 L/h) PEF treatment, 

resulting in a shelf life of 196 days at 4 C. 

Inactivation of microorganisms in milk by PEF process  

The majority of the research activities demonstrated the efficacy of this technique by 

reporting how PEF treatment affected inactivation of enzymes and microorganisms in milk or 

SMUF. When the input temperature was between 25 and 50 C, Smith et al. (2002) showed 

that the total flora in raw skim milk could only be reduced by 1 to 2 log10 at most. Square 

wave pulses were 9% more efficient than pulses with exponential decay for inactivating S. 

aureus and E. coli inoculated in Skim milk, according to Pothakamury et al. (1996). When E. 

coli inoculated in skim milk was subjected to 60 pulses of 2 s at 45 kV/cm and 35°C, its 

growth was decreased by 2 log cycles (Zhang 1995a). According to Fernandez et al. (2006), 

an increase in energy input and treatment duration resulted in a greater inactivation of 

Pseudomonas fluorescens (P. fluorescens) in skim milk. He used an energy input of 128 kJ/L, 

33 °C, and 38.9 kV/cm to obtain a maximum decrease of 2.6 log10s.Smith et al. (2002) used 

a combination of PEF treatment (80 kV/cm, 50 pulses), moderate heat (52 °C), and the 

addition of both the natural antimicrobials nisin (38 IU/mL) and lysozyme (1638 IU/mL) to 

obtain a maximum decrease of 7 log10 in bacteria in raw skim milk. 

In an experiment, Bermudez et al. (2011) compared the quality of whole milk with 

skim milk. After being processed by an electric field strength of 30.76 to 53.84 kV/cm, at 20, 

30, and 40 °C, for varying numbers of pulses, the physicochemical factors (pH, electrical 

conductivity, density, colour, solids non-fat) and structure (protein and fat content) were 

assessed. Inconsequential changes in physicochemical parameters were noticed by the 

authors. They also observed that when the PEF treatment becomes stronger, the amount of fat 

and protein in skim milk and whole milk decreases. After 33 days, it was discovered that 

PEF-treated samples had greater stability at 4 °C with very slight pH fluctuations. The 

samples that were treated at 21 °C, however, deteriorated more quickly and reached a pH of 4 

after only 5 days. 

When milk was treated with 35 kV/cm, 64 pulses during a treatment duration of 47 s 

to 188 s, Michalac et al. (2003) showed an overall log10 decrease of 1.0 in PEF treated raw 

skim milk.When subjected to the same treatment conditions, Martin et al. (1997a) found that 

the inactivation of bacteria by PEF was less in effect in skim milk than in a buffer solution. 

They explained the lower inactivation of microbes by pointing to the complicated makeup of 

skim milk and the presence of proteins. According to Dutreux et al. (2000), the effect of the 

medium's physicochemical makeup was responsible for the difference in E. coli inactivation 

between phosphate buffer and milk is less than 1 log. 

When the temperature was raised from 40 to 50 °C, Dunn & Pearlman (1987) 

observed a S.dublin inactivation in milk increased from 1 to 4 log10 decreases. In skimmed 

milk ultra-filtration (SMUF), Vega et al. (1996) found that E. coli was more effectively 

inactivated at pH 5.7 than at pH 6.8. 

Mycobacterium paratuberculosis (M. paratuberculosis) cells postponed in 0.1% 

peptone water and sterilised cow's milk had their vitality reduced by Rowan et al. (2001). 
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When exposed to an electric field strength of 30 kV/cm, 2500 pulses at 50 C, M. 

paratuberculosis cells were decreased in number by 5.3 log10 reductions in 0.1% peptone 

water and 5.9 log10 reductions in cow milk, but only by 1.6 log10 reductions in PEF at 5 C. 

The findings were compared to those obtained using thermal methods carried out at 50 °C for 

25 minutes or at 72 °C for 25 s, which provide decreases in log10 of 0.01 and 2.4, 

respectively. As a result, it was discovered that PEF treatment at 50 °C was superior than 

thermal sterilisation for the inactivation of M. paratuberculosis. 

Alkhafaji & Farid (2007) used square bipolar pulses of 1.7 s, 200 Hz for the treatment 

period of 100 to 900 s at electric field strengths of 37 and 43 kV/cm at a flow rate of 2.5 mL/s 

to observe a extreme of 6.6 log10 falls of E. coli ATCC 25922 suspended in SMUF. 

Shamsi et al. (2008) looked at how PEF treated raw skim milk affected the deactivation of 

enterobacteriaceae, pseudomonads, and the whole microflora at electric field powers of 25-37 

kV/cm, 200 Hz, with end product temperatures of 15 °C and 60 oC. Maximum 1 log10 

decreases in the total microflora and Pseudomonads count were seen when the PEF electric 

field strength was in the range of 28–37 kV/cm, while more than 2.1 log10 reductions in the 

Enterobacteriaceae count were seen when the temperature was 15 oC. PEF treatments 

resulted in 2.4 log10 decreases in total micro-flora at 25-35 kV/cm, 5.9 and 2.1 log10 

reductions in Pseudomonads and Enterobacteriaceae counts, respectively, when the 

temperature was adjusted to 60 °C. PEF has been shown to be effective in inactivating 

microorganisms in each of the investigations mentioned above. 

Quality aspects of PEF-Treated liquid foods 

In freshly squeezed orange juice, Yeom et al. (2000a) investigated the scent loss, 

browning index, colour, fluctuation of soluble solids, and pH. The orange juice was treated 

with pulses lasting 59 seconds at 35 kV/cm while keeping the temperature at 94.6 C. In 

comparison to heat-treated juices, PEF-treated juices were shown to retain volatile chemicals 

(-pinene, myrcene, octanal, d-limonene, and decanal) better at 4 C. Juices that had been PEF 

treated, however, showed reduced browning and hardly any changes to the pH or the amount 

of soluble solids. Citrus juices prepared from grapefruit, lemon, orange, and tangerine had no 

variations in their physical or chemical characteristics between the PEF-treated and untreated 

samples, according to Cserhalmi et al. (2006). It's interesting to note that the volatile 

components in PEF-treated juice were almost identical to those in untreated juice. Elez-

Martinez et al. (2006) found that juice that had undergone PEF treatment (35 kV/cm, 1000 s, 

bipolar 4 s at 200 Hz) maintained its colour better than juice that had undergone heat 

treatment, with no alterations in pH or acidity. According to Zarate et al. (2000), there were 

no variations in the soluble solids, pH, or acidity of apple juice treated with PEF. 

Additionally, Evrendilek et al. (2000) discovered no changes in the volatile components in 

apple juice treated with PEF. In comparison to heat-treated juice, Aguilar et al. (2007) found 

that PEF-treated apple juice saw less alterations in volatile components. 

PEF-treated tomato juice was discovered to have superior physical, chemical, and 

sensory properties over heat-treated juice in the areas of colour, pH, acidity, soluble solids, 

viscosity, and smells (Min & Zhang 2003; Min et al. 2003b; Aguilo et al. 2008). 

Additionally, tomato juice that underwent PEF processing was more well accepted than juice 

that underwent thermal treating (Min et al. 2003b). 
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The efficiency of a strawberry juice's viscosity was proved by Aguilo et al. (2009) 

using PEF processing variables including pulse polarity, width, and frequency. Additionally, 

they noticed that PEF treated watermelon juice had superior colour attributes reduced than 

thermally treated juice. The sourness and pH of milk were unaffected by the PEF treatment 

(Serrano et al. 2006). Evrendilek et al. (2001) used PEF and hurdle PEF-Thermal techniques 

to perform research on the colour, pH, soluble solids, and conductivity changes in milk with 

chocolate during storage. The outcomes were contrasted with an untreated sample's. Both 

procedures did not reveal any changes in the treated milk. 

Melgar et al. (2008c) examined juices from melon and watermelon that had been 

thermally treated but not PEF-treated and found no discernible changes in odour, colour, 

taste, or overall characteristics. By using a variety of treatments, including PEF-therapy (30 

to 50 kV/cm, 4 Hz, 40 to 65
o
C), orthodox heating at 60 or 65 °C for 21 s, and the 

combination of PEF treatment with heat or organic acids, Fernandez et al. (2005a, b, c) 

studied the shelf life of skim milk (acetic or propionic acids). PEF may be used in 

conjunction with heat or organic acids to obtain a upper degree of microbial inactivation in 

milk, according to all three studies, which found that the combination of PEF and organic 

acids had the greatest impact on the inactivation of microbes. 

Sepulveda et al. (2005) sought to use PEF treatment to prolong the post life of HTST 

pasteurised milk. The PEF treatment was applied right away after the first HTST 

pasteurisation, and it was applied again following the storage of HTST pasteurised milk for 8 

days at 4 C. Two pulses, 2.3 seconds, and a 35 kV/cm electric field power were used. It was 

shown that applying PEF right away after pasteurisation might prolong milk's shelf life at 4 C 

by up to 60 days, whereas processing PEF after an 8-day storing period produced a post life 

of 78 days. 

Conclusion 

PEF has been researched as a viable non-thermal food safeguarding strategy, however 

there are several variables that affect how well PEF inactivates microorganisms. A thorough 

understanding of the crucial elements is determined to be important for generating high-

quality PEF-treated food based on all the research that are currently available. PEF 

pasteurisation involves a large number of factors, many of which have undergone extensive 

testing by several research teams. However, it could still be hard to identify the factor that 

affects the degree of bacterial inactivation. In any case, the use of PEF offers a great deal of 

promise for the preservation of premium goods at lower temperatures while maintaining 

fresh-like goods. 

References 

1. Abram, F, Smelt, JPPM, Bos, R & Wouters, PC 2003, ‘Modelling and optimization of 

inactivation of Lactobacillus plantarum by pulsed electric field treatment’, Journal of 

Applied Microbiology, vol. 94, no. 4, pp. 571-579.  

2. Aguilo-Aguayo, I, Soliva-Fortuny, R & Martin-Belloso, O 2009, ‘Changes on 

viscosity and pectolytic enzymes of tomato and strawberry juices processed by high-

intensity pulsed electric fields’, International Journal of Food Science & Technology, 

vol. 44, no. 11, pp. 2268-2277.  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

3. Alkhafaji, SR & Farid, M 2007, ‘An investigation on pulsed electrics technology 

using new treatment chamber design’, Innovative Food Science & Emerging 

Technologies, vol. 8, no. 2, pp. 205-212.  

4. Altuntas, J, Evrendilek, GA, Sangun, MK & Zhang, HQ 2011, ‘Effects of pulsed 

electric field processing on the quality and microbial inactivation of sour cherry 

juice’, International Journal of Food Science & Technology, vol. 45, no. 5, pp. 899-

905.  

5. Ayhan Z, Yeom HW, Zhang QH & Min DB 2001, ‘Flavor, color, and vitamin C 

retention of pulsed electric field processed orange juice in different packaging 

materials’, Journal of Agriculture and Food Chemistry, vol. 49, no. 2, pp. 669-674.  

6. Bakri, A, B Hariono, B, Utami, MMD & Sutrisno 2018, ‘Inactivation of Bacteria S. 

aureus ATCC 25923 and S. Thyphimurium ATCC 14 028 Influence of UV-HPEF’, 

Journal of Physics: Conf. Series 953, 012122, pp. 1-6.  

7. Barbosa-Canovas, GV, Gongora-Nieto, MM, Pothakamury, UR & Swanson, BG 

1999, Preservation of Foods with Pulsed Electric Fields, Academic Press, San Diego, 

California, USA.  

8. Beebe, SJ, Fox, PM, Rec, LJ, Somers, K, Stark RH & Schoenbach KH 2002, 

‘Nanosecond pulsed electric field (nsPEF) effects on cells and tissues: Apoptosis 

induction and tumor growth inhibition’, IEEE Transactions on Plasma Science, vol. 

30, no. 1, pp. 286-292.  

9. Bendicho, S, Barbosa-Canovas, GV & Martin, O 2002, ‘Milk processing by high 

intensity pulsed electric fields’, Trends Food Science & Technology, vol. 13, no. 6-7, 

pp. 195-204.  

10. Bendicho, S, Espachs, A, Arantegui, J & Martin, O 2002, ‘Effect of High Intensity 

Pulsed Electric Fields and Heat Treatments on Vitamins of Milk’, The Journal of 

Dairy Research, 69, no. 1, pp. 113-123.  

11. Bermudez-Aguirre, D, Fernandez, S, Esquivel, H, Dunne, PC & Barbosa-Canovas, 

GV 2011, ‘Milk processed by pulsed electric fields: evaluation of microbial quality, 

physicochemical characteristics, and selected nutrients at different storage 

conditions’, Journal of Food Science, vol. 76, no. 5, pp. S289–S299.  

12. Bochkov, VD, Bochkov, DV, Gnedin, IN, Vasiliev, GM, Vasetskiy, VA & Zhdanok, 

SA 2012, ‘High voltage pulse generator based on TPI- Thyratron for pulsed electric 

field milk processing’, Proceeding of IEEE power modulator and high voltage 

conference, pp. 98-101.  

13. DeBruin & Krassowska, W 1999, ‘Modeling electroporation in a single cell—I 

Effects of field strength and rest potential’, Biophysical Journal, vol. 77, no. 3, pp. 

1213-1234.  

14. DeHaan, SWH & Willcock, PR 2002, ‘Comparison of the energy performance of 

pulse generator circuits for PEF’, Innovative Food Science & Emerging 

Technologies, vol. 3, no. 4, pp. 349-356.  

15. Donsi, G, Ferrari, G & Pataro, G 2007, ‘Inactivation kinetics of Saccharomyces 

cerevisiae by pulse electric field in a batch treatment chamber: The effect of electric 

field unevenness and initial cells concentration’, Journal of Food Engineering, vol. 78, 

no. 3, pp. 784-792.  

16. Dubey, AK, Gupta, SD, Kumar, R, Tewari, A & Basua, B 2009, ‘Time constant 

determination for electrical equivalent of biological cells’, Journal of Applied 

Physics, vol. 105, no. 8, 10.1063/1.3086627.  

17. Dutreux, N, Notermans, S, Wijtes T, Gongora-Nieto MM, Barbosa- Canovas, GV & 

Swanson BG 2000, ‘Pulsed electric fields inactivation of attached and free-living 

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

Escherichia coli and Listeria innocua under several conditions’, International Journal 

of Food Microbiology, vol. 54, no. 1-2, pp. 91-98.  

18. Elez-Martinez, P, Escola-Hernandez, J, Soliva-Fortuny, RC & Martin- Belloso, O 

2004, ‘Inactivation of Saccharomyces cerevisiae suspended in orange juice using high 

intensity pulsed electric fields’, Journal of Food Protection’, vol. 67, no. 11, pp. 2596-

2602.  

19. Elez-Martinez, P, Escola-Hernandez, J, Soliva-Fortuny, RC & Martin- Belloso, O 

2005, ‘ Inactivation of Lactobacillus brevis in orange juice by high-intensity pulsed 

electric fields’, Food Microbiology, vol. 22, no. 4, pp. 311-319.  

20. Elez-Martinez, P, Soliva-Fortuny, R & Martin-Belloso, O 2006, ‘Comparative study 

on shelf-life of orange juice processed by high intensity pulsed electric fields or heat 

treatment’, European Food Research & Technology, vol. 222, pp. 32-329.  

21. Elserougi, AA, Faiter, M, Massoud, AM & Ahmed, S 2017, ‘A Transformerless 

Bipolar/Unipolar High-Voltage Pulse Generator With Low-Voltage Components for 

Water Treatment Applications’, IEEE Transactions on Industry Applications, vol. 53, 

no. 3, pp. 2307-2319.  

22. Evrendilek GA, Zhang QH & Richter E 1999, ‘Inactivation of Escherichia coli 

O157:H7 and Escherichia coli 8739 in apple juice by pulsed electric fields’, Journal 

of Food Protection, vol. 62, no. 7, pp. 793-796.  

23. Evrendilek, GA & Zhang, QH 2003, ‘Effects of pH, temperature, and pre-pulsed 

electric field treatment on pulsed electric field and heat inactivation of Escherichia 

coli O157:H7’, Journal of Food Protection, vol. 66, no. 5, pp. 755-759.  

24. Evrendilek, GA & Zhang, QH 2005, ‘Effects of pulse polarity and pulse delaying 

time on pulsed electric fields-induced pasteurization on Escherichia coli O157:H7’, 

Journal of Food Engineering, vol. 68, no. 2, pp. 271-276.  

25. Evrendilek, GA, Dantzer, WR, Streaker, CB, Ratanatriwong, P & Zhang, QH 2001, 

‘Shelf-life evaluations of liquid foods treated by pilot plant pulsed electric field 

system’, Journal of Food Processing & Preservation, vol. 25, no. 4, 283-297.  

26. Evrendilek, GA, Jin, ZT, Ruhlman, KT, Qiu, X, Zhang, QH & Ritcher, ER 2000, 

‘Microbial safety and shelf-life of apple juice and cider processed by bench and pilot 

scale PEF systems’, Innovative Food Science & Emerging Technologies, vol. 1, no. 1, 

pp. 77-86.  

27. Evrendilek, GA, Zhang, QH & Richter, ER 2004, ‘Application of pulsed electric 

fields to skim milk inoculated with Staphylococcus aureus’, Biosystems Engineering, 

vol. 87, no. 2, pp. 137-144.  

28. Fernandez-Molina, JJ, Fernandez-Gutierrez, SA, Altunakar, B, Bermudez-Aguirre, 

Swanson, BG & Barbosa-Canovas, GV 2005c, ‘The combined effect of pulsed 

electric fields and conventional heating on the microbial quality and shelf-life of skim 

milk’, Journal of Food Processing & Preservation, vol. 29, no. 5-6, pp. 390-406.  

29. Fleischman, GJ, Ravishankar, S & Balasubramaniam, VM 2004, ‘The inactivation of 

Listeria monocytogenes by pulsed electric field (PEF) treatment in a static chamber’, 

Food Microbiology, vol. 21, no. 1, pp. 91-95.  

30. Frey, W, White, JA, Price, RO, Blackmore, PF, Joshi, RP, Nuccitelli, R, Beebe, SJ, 

Schoenbach, KH & Kolb, J F 2006, ‘Plasma Membrane Voltage Changes during 

Nanosecond Pulsed Electric Field Exposure’, Biophysical Journal, vol. 90, no. 10, pp. 

3608-3615.  

31. Geeraerd, AH, Herremans, CH & Van Impe JF 2000, ‘Structural model requirements 

to describe microbial inactivation during a mild heat treatment’, International Journal 

of Food Microbiology, vol. 59, no. 3, pp. 185-209.  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

32. Geveke, DJ & Brunkhorst, C 2003, ‘Inactivation of Saccharomyces cerevisiae using 

radio frequency electric fields’, Jounal of Food Protection, vol. 66, no. 9, pp. 1712-

1715.  

33. Gowrishankar, TR, Stewart, DA & Weaver JC 2006, ‘Model of a confined spherical 

cell in uniform and heterogeneous applied electric fields’, Bioelectrochemistry, vol. 

68, no. 2, pp. 181-190.  

34. Grenier, JR 2006, Design of a MOSFET Based Pulsed Power Supply for 

Electroporation. Ph.D thesis, University of Waterloo.  

35. Griffiths, M & Riberio, MW 2014. Pulsed electric field processing of liquid food and 

beverages. In: San, DW. ed. Emerging Technologies of Food Processing, pp. 115-

145.  

36. Gupta, BS, Masterson, F & Magee, TRA 2003a, ‘Application of high voltage pulsed 

electric field in pasteurization of liquid egg and milk’, Indian Chemistry Engredients, 

Section A, vol. 45, no. 1, pp. 31-34.  

37. Gupta, BS, Masterson, F & Magee, TRA 2003b, ‘Inactivation of Escherichia coli K12 

in apple juice by high voltage pulsed electric field’, European Food Research and 

Technology, vol. 217, no. 5, pp. 434-437.  

38. Gurtler, JB, Rivera, RB, Zhang, HQ & Geveke, DJ 2010, ‘Selection of surrogate 

bacteria in place of Escherichia coliO157:H7 and Salmonella typhimurium for pulsed 

electric field treatment of orange juice’, International Journal of Food Microbiology’, 

vol. 139, no. 1-2, pp. 1-8.  

39. Haberl, S, Miklavcic, D, Sersa, G, Frey, W & Rubinsky, B 2013, ‘Cell membrane 

electroporation – Part 2: The applications’, IEEE Electrical Insulation Magazine, vol. 

29, no. 1, pp. 29-37.  

40. Heinz, V, Alvarez, I, Angersbach, A & Knorr, D 2002, ‘Preservation of liquid foods 

by high intensity pulsed electric fields– basic concepts for process design’, Trends in 

Food Science & Technology, vol. 12, no. 3-4, pp. 103-111.  

41. Heinz, V, Toepfl, S & Knorr, D 2003, ‘Impact of temperature on lethality and energy 

efficiency of apple juice pasteurization by pulsed electric fields treatment’, Innovative 

Food Science & Emerging Technologies, vol. 4, no. 2, pp. 167-175.  

42. Hengartner, MO 2001, ‘The biochemistry of apoptosis’, Nature, vol. 407, no. 6805, 

pp. 770-776.  

43. Hojo, S, Shimizu, K, Yositake, H, Muraji, M, Tsujimoto, H & Tatebe, W 2003, ‘The 

relationship between electropermeabilization and cell cycle and cell size of 

Saccharomyces Cerevisiae’, IEEE Transactions on Nanobioscience, vol. 2, no. 1, pp. 

35-39.  

44. Hulsheger, H & Niemann, EG 1980, ‘Lethal effects of high-voltage pulses on E. coli 

K12’, Radiation & Environmental Biophysics, vol. 18, no. 4, pp. 281-288.  

45. Hulsheger, H, Potel, J & Niemann, EG 1981, ‘Killing of bacteria with electric pulses 

of high field strength’, Radiation & Environmental Biophysics, vol. 20, no. 1, pp. 53-

65.  

46. Hulsheger, H, Potel, J & Niemann, EG 1983, ‘Electric field effects on bacteria and 

yeast cells’, Radiation & Environmental Biophysics, vol. 22, no. 1, pp. 149-162.  

47. Iu, J, Mittal, GS, & Griffiths, MW 2001, ‘Reduction in levels of Escherichia coli 

O157:H7 in apple cider by pulsed electric fields’, Journal of Food Protection, vol. 64, 

no. 7, pp. 964-969.  

48. Korolczuk, J, Rippoll, MC, Keag, J, Carballeira Fernandez, J, Baron, F, Grosset, N & 

Jeantet R 2006, ‘Effect of pulsed electric field processing parameters on Salmonella 

enteritidis inactivation’, Journal of Food Engineering, vol. 75, no. 1, pp. 11-20.  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

49. Kotnik, T, Frey, W, Sack, M, Haberl-Meglic, S, Peterka, M & Miklavcic, D 2015, 

‘Electroporation-based applications in biotechnology’, Trends in Biotechnology, vol. 

33, no. 8, 480-488.  

50. Kotnik, T, Pucihar, G, Rebersek, M, Miklavic, D & Mir, ML 2003, ‘Role of pulse 

shape in cell membrane electropermeabilization’, Biochimica et Biophysica Acta, vol. 

1614, no. 2, pp. 193-200.  

51. Lado, BH & Youcef, AE 2003, ‘Selection and identification of a Listeria 

monocytogenes Target strain for pulsed electric fields process optimization’, Applied 

and Environmental Microbiology, vol. 69, no. 4, pp. 2223-2229.  

52. Lee, GJ, Han, BK, Choi, HJ, Kang, SH, Baick, SC & Lee, DU 2015, ‘Inactivation of 

Escherichia coli, Saccharomyces cerevisiae, and Lactobacillus brevis in Low-fat Milk 

by Pulsed Electric Field Treatment: A Pilot-scale Study’, Korean Journal for Food 

Science of Animal Resources, vol. 35, no. 6, pp. 800-806.  

53. Lee, RC, Capelli-Schllpfeffer, M & Kelly, KM 1994, Electrical Injury: A 

multidisciplinary approach to therapy, prevention, and rehabilitation, The New York 

Academy of Sciences, New York.  

54. Martin-Belloso, O, Qin, BL, Chang, FJ, Barbosa-Canovas, GV & Swanson, BG 

1997a, ‘Inactivation of Escherichia coli in skim milk by high intensity pulsed electric 

fields’, Journal of Food Process Engineering, vol. 20, no. 4, pp. 317-336.  

55. Martin-Belloso, O, Vega-Mercado, H, Qin, BL, Chang, FJ, Barbosa- Canovas, GV & 

Swanson, BG 1997b, ‘Inactivation of Escherichia coli suspended in liquid egg using 

pulsed electric fields’, Journal of Food Processing & Preservation, vol. 21, no. 3, pp. 

193-208.  

56. McDonald, CJ, Lloyd, SW, Vitale, MA, Petersson, K & Innings F 2000, ‘Effect of 

pulsed electric fields on microorganisms in orange juice using electric field strengths 

of 30 and 50 kV/cm’, Journal of Food Science, vol. 65, no. 6, pp. 984-989.  

57. McGregor, JS, Farish, O, Fouracre, R, Neil, J, Rowan & Anderson, JG 2000, 

‘Inactivation of pathogenic and spoilage microorganisms in liquids using pulsed 

electric fields’, IEEE Transactions on Plasma Science, vol. 28, no. 1, pp. 144-149.  

58. McNamee, C, Noci, F, Cronin, DA, Lyng, JG, Morgan, DJ, Scannell, AGM 2010, 

‘PEF based hurdle strategy to control Pichia fermentans, Listeria innocua and 

Escherichia coli k12 in orange juice’, International Journal of Food Microbiology, 

vol. 138, no. 1-2, pp. 13–18.  

59. Melgar, JM, Massilia, RM & Belloso, OM 2007, ‘Influence of treatment time and 

pulse frequency on Salmonella Enteriditis, Escherichia coli and Listeria 

monocytogenes populations inoculated in melon and watermelon juices treated by 

pulsed electric fields’, International Journal of Food Microbiology, vol. 117, no. 2, pp. 

192-200.  

60. Melgar, JM, Massilia, RM & Belloso, OM 2008a, ‘Non-thermal pasteurization of 

fruit juices by combining high-intensity pulsed electric fields with natural 

antimicrobials’, Innovative Food Science & Emerging Technologies, vol. 9, no. 3, pp. 

328-340.  

61. Melgar, JM, Massilia, RM & Belloso, OM 2008b, ‘Inactivation of Salmonella 

enterica Ser. enteritidis in tomato juice by combining of high-intensity pulsed electric 

fields with natural antimicrobials’, Journal of Food Science, vol. 73, no. 2, pp. M47-

M53.  

62. Min, S, Evrendilek, GA & Zhang, HQ 2007, ‘Pulsed electric fields: Processing 

system, microbial and enzyme inhibition and shelf life extension of foods’, IEEE 

Transactions on Plasma Science, vol. 35, no. 1, pp. 59-73.  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

63. Min, S, Jin, ZT, Min, SK, Yeom, H & Zhang, HQ 2003a, ‘Commercial-scale pulsed 

electric field processing of orange juice’, Journal of Food Science, vol. 68, no.4, pp. 

1265-1271.  

64. Min, S, Jin, ZT, Zhang, QH 2003b, ‘Commercial scale pulsed electric field processing 

of tomato juice’, Journal of Agriculture & Food Chemistry, vol. 51, no. 11, pp. 3338-

3344.  

65. Mir, LM, Gehl, J, Sersa, G, Collins, CG, Garbay, JR, Billard, V, Geertsen, PF, 

Rudolf, Z, Sullivan, GC & Marty, M 2006, ‘Standard operating procedures of the 

electrochemotherapy: Instructions for the use of bleomycin or cisplatin administered 

either systemically or locally and electric pulses delivered by the Cliniporator TM by 

means of invasive or noninvasive electrodes’, European Journal of Cancer 

Supplements, vol. 4, no. 11, pp. 14-25.  

66. Peleg, M & Cole, MB 1998, ‘Reinterpretation of microbial survival curves’, Critical 

Reviews in Food Science & Nutrition, vol. 38, no. 5, pp. 353-380  

67. Peleg, M & Penchina, CM 2000, ‘Modeling microbial survival during exposure to a 

lethal agent with varying intensity’, Critical Reviews in Food Science & Nutrition, 

vol. 40, no. 2, pp. 159-172.  

68. Peleg, M 1995, ‘A model of microbial survival after exposure to pulsed electric 

fields’, Journal of the Science & Food Agriculture, vol. 67, no. 1, pp. 93-99.  

69. Pena, M, Trujillo, SL, Rojas-Grau, MA & Martin-Belloso, O 2010, ‘Impact of high 

intensity pulsed electric field on antioxidant properties and quality parameters of a 

fruit juicesoymilk beverage in chilled storage’, LWT-Food Science & Technology, 

vol. 43, no. 6, pp. 872-881.  

70. Picart, L, Dumay, E & Cheftel, JC 2002, ‘Inactivation of Listeria innocua in dairy 

fluids by pulsed electric fields: influence of electric parameters and food 

composition’, Innovative Food Science & Emerging Technologies, vol. 3, no. 4, pp. 

357-369.  

71. Pol, IE, Mastwijik, HC, Slump, RA, Popa, ME & Smid, EJ 2001, ‘Influence of food 

matrix on inactivation of Bacillus cereus by combination of nisin, pulsed electric field 

treatment, and carvacrol’, Journal of Food Protection, vol. 64, no. 7, pp. 1012-1018.  

72. Pothakamury, UR, Vega, H, Zhang, Q, Barbosa-Canovas, GV & Swanson, BG 1996, 

‘Effect of growth stage and processing temperature on the inactivation of Escherichia 

coli by pulsed electric fields’, Journal of Food Protection, vol. 59, no.11, pp. 1167-

1171.  

73. Qiu, X, Sharma, L, Tuhela, L, Jia, M & Zhang, QH 1998, ‘An integrated PEF pilot 

plant for continuous nonthermal pasteurization of fresh orange juice’, Transactions of 

the ASAE, vol. 41, no. 4, pp. 1069-1074.  

74. Raji, S, 2014, Electroporation-Based Therapies for Cancer From Basics to Clinical 

Applications, Woodhead Publishing, USA.  

75. Rodrigo, D, Ruiz, P, Barbosa-Canovas, GV, Martinez, A & Rodrigo, M 2003, 

‘Kinetic model for the inactivation of Lactobacillus plantarum by pulsed electric 

fields’, International journal of food microbiology, vol. 81, no. 3, pp. 223-229.  

76. Rowan, J, MacGregor, SJ, Anderson, JG, , Cameron, D, Farish, O 2001, ‘Inactivation 

of Mycobacterium paratuberculosis by pulsed electric fields’, Applied and 

Environmental Microbiology, vol. 67, no. 6, pp. 2833-2836.  

77. Ruhlman, KT, Jin, ZT & Zhang, QH 2001, Physical properties of liquid foods for 

pulsed electric fields treatment, In: Barbosa-Canovas, GV & Zhang QW ed, Pulsed 

Electric Field in Food Processing: Fundamental Aspect and Application, Technomic 

Publishing, pp. 45-56.  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

78. Saldana G, Puertolas E, Monfort S, Raso J & Alvarez I 2011, ‘ Defining treatment 

conditions for pulsed electric field pasteurization of apple juice’, International Journal 

of food microbiology, vol. 151, no. 1, pp. 29-35.  

79. Sale, AJH & Hamilton, WA 1967, ‘Effect of high electric fields on microorganisms. 

1. Killing of bacteria and yeast’, Biochima et Biophysica Acta- General subjects, vol. 

148, no. 3, pp. 781-788.  

80. Schoenbach, KH, Joshi, RP, Stark, RH 2000, ‘Bacterial Decontamination of Liquids 

with Pulsed Electric Fields’, IEEE Transaction on Dielectrics & Electrical Insulation, 

vol. 7, no. 5, pp. 637-644.  

81. Schoenbach, KH, Katsuki, S, Stark, RH, Buescher, ES & Beebe, SJ 2002, 

‘Bioelectrics—New applications for pulsed power technology’, IEEE Transactions on 

Plasma Science, vol. 30, no. 1, pp. 293-300.  

82. Smith, K, Mittal, GS & Griffiths, MW 2002, ‘ Pasteurization of milk using pulsed 

electric field and antimicrobials’, Journal of Food Science, vol. 67, no.6, pp. 2304-

2308.  

83. Sobrino-Lopez, A, Raybaudi-Massilia, R & Martin-Belloso, O 2006, ‘High-intensity 

pulsed-electric field variables affecting Staphylococcus aureus in milk’, Journal of 

Dairy Science, vol. 89, no. 10, pp. 3739-3748.  

84. Timmermans, RAH, Mastwijk, HC, Knol, JJ, Quataert, MCJ, Vervoort, L, Der 

Plancken, IV, Hendrickx, ME & Matser, AM 2011, ‘Comparing equivalent thermal, 

high pressure and pulsed electric field processes for mild pasteurization of orange 

juice. Part I: impact on overall quality attributes’, Innovative Food Science & 

Emerging Technologies, vol. 12, no.3, pp. 235-243.  

85. Timoshkin, I, MacGregor, S, Fouracre, R, Crichton, B & Anderson, J 2006, 

‘Transient Electrical Field across Cellular Membranes: Pulsed Electric Field 

Treatment of Microbial Cells’, Journal of Physics D: Applied Physics’, vol. 39, no. 3, 

pp. 569-603.  

86. Miklavcic, D 2003, ‘Effect of electric field induced transmembrane potential on 

spheroidal cells: Theory and experiment’, European Biophysics Journal, vol. 32, no. 

6, pp. 519-528.  

87. Wu, TF, Tseng, SY, Lee, CC & Chen, YM 2003, ‘Analysis and design of a soft-

switching interleaved forward converter for generating pulsed electric field’, 

Proceedings of IEEE International Telecommunications Energy Conference, pp. 705-

712.  

88. Wu, Y, Liu, K, Qiu , J, Liu, X & Xiao, H 2007, ‘ and High Voltage Marx Generator 

Using Solid-state Devices’, IEEE Transactions on Dielectrics and Electrical 

Insulation, vol. 14, no. 4, pp. 937-940.  

89. Yang, RJ, Li, SQ & Zhang, QH 2004, ‘Effects of pulsed electric fields on the activity 

of enzymes in aqueous solution’, Food Chemistry and Toxicology, vol. 69, no. 1, pp. 

241-248.  

90. Yarmush, LM, Golberg, A, Sersa G, Kotnik, T & Miklavcic, D 2014, 

‘Electroporation-based technologies for medicine: Principles, Applications and 

Challenges’, Annual Review of Biomedical Engineering, vol. 16, pp. 295-320.  

91. Zarate-Rodriguez, E, Ortegas-Rivas, E & Barbosa-Canovas, GV 2000, ‘Quality 

changes in apple juice as related to nonthermal processing’, Journal of Food Quality, 

vol. 23, pp. 337-349.  

92. Zazoulin, SV, Kardo-Sysoev, AF, Elserougi, A, Ahmed, S & Massoud, A 2015, ‘High 

voltage pulse generator based on DC-to-DC boost converter with capacitor-diode 

voltage multipliers for bacterial decontamination’, Proceeding of 41
st 

Annual 

Conference of IEEE Industrial Electronics Society, 2015, pp. 322-326.  

http://xisdxjxsu.asia/


 

Journal of Xi’an Shiyou University, Natural Science Edition                            ISSN : 1673-064X 
 

http://xisdxjxsu.asia                             VOLUME 18 ISSUE 12 December 2022               932-947 

93. Zhang, Q, Monsalve-Gonzzalev, A, Barbosa-Canovas, GV & Swanson, BG 1994, 

‘Inactivation of E.coli and S.cerevisiae by pulsed electric fields under controlled 

temperature conditions’, Transactions of the ASAE, vol. 37, no. 2, pp. 581-587.  

94. Zhang, QH, Chang, FJ, Barbosa-Canovas, GV & Swanson, BG 1995b, ‘Engineering 

aspects of pulsed electric field pasteurization’, Journal of Food Engineering, vol. 25, 

no. 2, pp. 261-291.  

 

http://xisdxjxsu.asia/

