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Abstract. Milk is a nutrient-rich animal product but is prone to 

contamination by spoilage and pathogenic microbes due to its high protein 

content. Non-thermal sterilization using UV and high-pulsed electric fields 

(HPEF) offers a solution. This compact system includes a processing 

chamber with a stirrer, UV lamp, PEF electrodes, and control devices for 

efficient sterilization. The system operates without damaging the quality of 

the beverage, making it superior to conventional methods. This study aims 

to determine the appropriate frequency and length of time to be applied to 

cow’s milk. The research was conducted using a Factorial Randomized 

Block Design (FRBD) with two factors: frequency (10, 20, and 30 Hz) and 

duration (10, 15, and 20 minutes). The parameters tested in this study 

included total dissolved solids, solid non-fat, protein, fat, and total plate 

count (TPC). The results showed that increasing the frequency and 

duration effectively reduced the levels of total dissolved solids, TPC, and 

fat, while increasing protein and solid non-fat contents. Based on the 

analysis, HPEV-UV Milk contains TDS 7.30% - 7.80%, SNF 7.59% - 

7.79%, protein 2.79% to 2.84%, fat 1.39% - 1.70%, and TPC 5.10 to 18.23 

× 10⁶ CFU/g. 

1 Introduction 

Milk is a promising product with excellent nutritional value that holds significant potential 

for development in Indonesia. Fresh milk production in Indonesia has increased over the 

past five years. According to data from the Central Statistics Agency (BPS) in 2023, fresh 

milk production in Indonesia reached 968,980 tons per year, representing an increase of 

2.3% compared to the previous year. Meanwhile, the average milk consumption per capita 

in Indonesia is 16.27 kg per year [1]. The rise in both production and consumption of milk 

in Indonesia is driven by a growing trend among the population towards consuming 

nutritious foods, including dairy products. Milk is a food product rich in nutrients such as 
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protein, calcium, carbohydrates, fat, vitamins, minerals, and other essential nutrients 

important for human health [2]. 

Milk is highly perishable due to rapid spoilage caused by microorganisms, which occurs 

faster compared to other food products. This is primarily due to the high protein content in 

milk. Microbial spoilage leads to the production of lactic acid, resulting in sour milk [3]. 

The metabolic activity of pathogenic substances on milk protein produces foul odors such 

as hydrogen sulphide (H2S), indole, skatole, carbon dioxide (CO2), cadaverine, and 

ammonia (NH3) [4]. Bacterial contamination of milk begins during milking and continues 

until consumption, resulting in a relatively short shelf life of untreated milk—

approximately four hours at room temperature [5]. To extend the shelf life of fresh milk, 

various storage methods are applied, including storage in freezer boxes and pasteurization. 

Pasteurization typically involves heating milk at 72 °C for 15 seconds or at 63–66 °C for 30 

minutes, followed by cooling to 10 °C, and subsequent storage at temperatures not 

exceeding 4.4 °C while maintaining hygienic conditions. However, manual heat treatment 

reduces the overall quality of the food, damaging vitamins, pigments, fats, and causing 

protein denaturation. Heat processing can alter the taste, aroma, color, and reduce 

nutritional content, especially heat-sensitive amino acids [6]. As an alternative, non-thermal 

processing technologies such as ultraviolet (UV) radiation and High Pulsed Electric Field 

(HPEF) offer solutions to these quality degradation issues. 

One innovative technology to address pathogenic bacterial contamination in beverages 

is non-thermal sterilization using UV and HPEF. This system is designed as a compact unit 

comprising a processing chamber with an integrated stirrer, UV lamps, PEF electrodes, and 

electronic control devices to achieve efficient and effective non-thermal sterilization. This 

technology operates without compromising beverage quality, making it superior to 

conventional methods. Previous studies have discussed the application of HPEF on the 

growth of Salmonella typhimurium tcc 14028 and the nutritional content of goat milk [7]. 

Other research has explored the use of pulsed electric field pasteurization on apple juice of 

various cultivars, analyzing physical characteristics, nutritional value, chemical properties, 

and total microbial content [8]. Therefore, this study aims to investigate the effects of 

electric frequency and exposure duration on the physical and chemical characteristics of 

milk processed using HPEF. 

The great potential of milk has driven the research team to optimize its quality through 

non-thermal sterilization using HPEF UV. The goal is to produce sterile milk with intact 

complex nutrients that are not damaged during processing. HPEF UV is also expected to 

reduce the initial microorganism content in fresh milk, which is the main cause of spoilage. 

The novelty of this study lies in the innovation of electric pulse technology that enables the 

sterilization of milk without damaging its nutritional content. 

2 Materials and Methods 

2.1 Materials 

The main material used in this study was fresh cow’s milk obtained from the TEFA farm at 

Politeknik Negeri Jember. Additional materials used specifically for analysis included PCA 

media and distilled water, which were sourced from the Microbiology Laboratory, 

Department of Agricultural Technology, Politeknik Negeri Jember. 

The main equipment used in this study was the HPEF-UV sterilization device 

developed by PT. Manufacture Dynamic Indonesia in Jember Regency. Other supporting 

tools used included the LactoStar © 2008 Funke Gerber, a pH meter, an electric oven, and 

glassware for analysis. 
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2.2 Preparation of HPEF UV milk 

The fresh milk obtained from the TEFA farm at Politeknik Negeri Jember was first stored 

in a freezer box at a temperature of approximately ±4°C. 3 L of milk was poured into a 5 L 

HPEF-UV chamber and subsequently processed using three different frequencies (10, 20, 

and 30 Hz) and three different treatment durations (10, 15, and 20 minutes). The fresh milk 

(used as the control) and the nine milk samples processed with HPEF-UV were 

subsequently analyzed using a LactoStar device and microbiological methods. 
 

2.3 Physicochemical characteristics and microbial analysis of HPEF UV milk 

The analysis of physicochemical and microbiological properties was conducted at 

Politeknik Negeri Jember. The fresh milk was homogenized, after which 100 mL of foam-

free milk was collected for further analysis. The analysis of total dissolved solids, solids-

non-fat, protein, and fat was performed using the LactoStar © 2008 Funke Gerber. The 

Total Plate Count (TPC) analysis followed the procedures outlined in the Indonesian 

National Standard (SNI) 2897:2008 [9]. 

2.4 Statistical analysis 

Analysis of all parameters of this research was done using a two-factor factorial 

randomized block design with a total of nine treatments and three replicates. The data 

obtained were analyzed by analysis of variance (ANOVA) using Minitab 17 software. 

Tukey HSD was used at α < 0.05. 

3 Results and Discussion 

3.1 Physicochemical characteristics of HPEF UV milk 

Table 1. Physical characteristics of HPEF-UV Milk 

Frequency 

(Hz) 

Length of 

Time (min) 

Total 

Dissolved 

Solid (%) 

Solid Non-Fat 

(%) 
Protein (%) Fat (%) 

Fresh Milk (Control) 8.00±0.37 7.21±0.00 2.64±0.01a 1.92±0.01 

10 

10 7.80±0.42a 7.59±0.01e 2.79±0.02a 1.61±0.0b 

15 7.73±1.02a 7.77±0.02ab 2.83±0.02a 1.51±0.00c 

20 7.43±0.05a 7.79±0.02a 2.84±0.01a 1.44±0.01e 

20 

10 7.80±0.33a 7.67±0.01d 2.83±0.00a 1.70±0.00a 

15 7.67±0.19a 7.68±0.02cd 2.83±0.02a 1.46±0.00d 

20 7.40±0.14a 7.66±0.03d 2.84±0.01a 1.39±0.01f 

30 

10 7.60±0.16a 7.67±0.01d 2.82±0.01a 1.53±0.02c 

15 7.43±0.05a 7.69±0.01cd 2.83±0.00a 1.44±0.01de 

20 7.30±0.28a 7.73±0.02bc 2.84±0.00a 1.40±0.02ef 

Notes: Means of 3 repetitions ± standard error. The same symbol shows the insignificant difference 

on Tukey's HSD test α=0.05 

 
Based on the results of the ANOVA test (α < 0.05), it was found that the interaction 

between frequency and treatment duration had a significant effect on the solid non-fat 

(SNF) and fat content in HPEF-UV-treated cow’s milk. However, the interaction between 

these two factors did not significantly affect the total dissolved solids (TDS) and protein 
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content in the treated milk. Furthermore, the ANOVA results indicated that treatment 

duration alone had a significant effect on the protein content of HPEF-UV-treated cow’s 

milk. The physicochemical properties of HPEF-UV-treated cow’s milk are presented in 

Table 1. 

Total dissolved solids (TDS) in HPEF-UV-treated cow’s milk ranged from 7.30% to 

7.80%, while fresh untreated cow’s milk (control) exhibited a TDS value of 8.00%. 

Tukey’s post-hoc test showed no significant differences among the TDS values of the 

treated samples. Nevertheless, the data suggest a decrease in TDS as a result of HPEF-UV 

treatment, which led to a more fluid. 

Solid non-fat (SNF) content in the treated cow’s milk ranged from 7.59% to 7.79%, 

with the fresh untreated milk (control) having an SNF value of 7.21%. Tukey’s post-hoc 

test revealed that the highest SNF value in HPEF-UV-treated milk was observed at a 

frequency of 10 Hz and a treatment duration of 20 minutes, while the lowest SNF value was 

found at a frequency of 10 Hz and a treatment duration of 10 minutes. 

Protein content of HPEF-UV-treated cow’s milk ranged from 2.79% to 2.84%, while 

fresh untreated cow’s milk (control) had a protein content of 2.64%. Tukey’s post-hoc test 

indicated that a treatment duration of 20 minutes resulted in the highest protein content at 

2.84%, whereas the shortest duration of 10 minutes yielded the lowest protein content at 

2.81%. Although no significant effect of frequency was observed, treatment duration had a 

significant impact on the protein content of the HPEF-UV-treated milk. HPEF treatment 

impacts the structure of proteins, particularly their secondary and tertiary configurations 

[10], causing denaturation and altering functional characteristics such as solubility, gel 

formation, and aggregation. PEF affects protein and amino acid structures by targeting 

weaker bonds, including disulfide bonds, hydrogen bonds, and hydrophobic interactions. 

Additionally, disulfide bonds are the primary covalent links formed during PEF-induced 

protein aggregation [11]. As a result, PEF can enhance protein aggregation through 

hydrophobic interactions and thiol or disulfide bond formation, which modifies the 

proteins’ thermal stability and their susceptibility to enzymatic digestion [12]. Liu et al. 

[13] found that PEF treatment (49 kV/cm; 19.36 s; 240 mL/min; 20 °C) did not affect the 

physicochemical properties of milk casein, the size and potential of milk particles, the state 

of whey proteins, or the protein content in the serum. The differences in the sample 

medium, processing conditions, and the PEF system used in their study are believed to be 

the reasons behind these seemingly contradictory results. 

The fat content of HPEF-UV-treated cow’s milk ranged from 1.39% to 1.70%, whereas 

fresh untreated cow’s milk (control) had a fat content of 1.92%. Tukey’s post-hoc test 

revealed that the highest fat content was observed at a frequency of 20 Hz with a treatment 

duration of 10 minutes, while the lowest fat content occurred at the same frequency with a 

20-minute treatment duration. An increase in both frequency and treatment time during the 

HPEF-UV process resulted in a decrease in the fat content of the tested cow’s milk. Yang et 

al. [14] reported that PEF treatment at 16 kV/cm, 30 µs pulse duration, 100 mL/min flow 

rate, and 25 °C slightly decreased the fat content and free fatty acids (FFA) in three types of 

milk samples: raw milk (RM), milk with small fat globules (MS), and milk with large fat 

globules. However, they also observed that the MS sample, which had the smallest milk fat 

globules (MFGs) and the most altered milk fat globule membrane (MFGM), showed a 

slight increase in FFA after the same PEF treatment. The authors suggested that this 

increase in FFA was likely caused by electroporation of the MFGM, which exposed 

triglycerides to lipase enzymes, leading to the release of free fatty acids. 
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3.2 TPC analysis of HPEF UV milk 

Table 2. TPC of HPEF-UV Milk 

Frequency (Hz) 
Time 

(min) 
TPC x 106 (CFU/g) 

Fresh Milk (Control) 31.33±0.47 

10 

10 18.23±0.88a 

15 8.57±0.39c 

20 6.43±0.50def 

15 

10 12.60±1.22b 

15 7.83±0.49cd 

20 5.67±0.29ef 

30 

10 11.30±1.04b 

15 7.13±0.25cde 

20 5.10±0.22f 

Notes: Means of 3 repetitions ± standard error. The same symbol shows the insignificant difference 

on Tukey's HSD test α=0.05 

 

The interaction between frequency and duration had a significant effect on the Total Plate 

Count (TPC) of HPEF-UV-treated cow’s milk. The TPC results are presented in Table 2. 

The total plate count of HPEF-UV-treated milk ranged from 5.10 to 18.23 × 10⁶ CFU/g, 

while the untreated fresh milk (control) had a TPC value of 31.33 × 10⁶ CFU/g. These 

results indicate that the HPEF-UV treatment significantly reduced the microbial population 

in fresh cow’s milk. Furthermore, the higher the frequency and duration applied, the more 

effectively the HPEF-UV method reduced the microbial content in the milk. This is due to 

the significant alteration of microbial cell membranes when exposed to high voltage during 

the HPEF process [15]. Milk that has undergone HPEF treatment is safe for direct 

consumption, as the total bacterial count remains below the maximum allowable limit for 

consumption, which is 5 × 10⁴ CFU/mL, in accordance with SNI 7388:2009 [16]. Cow’s 

milk sterilized using HPEF does not require additional heating before consumption. This 

clearly demonstrates that the application of HPEF technology in milk processing offers a 

notable advantage—it effectively inactivates harmful bacteria while preserving the milk’s 

color, flavor, and even enhancing its nutritional value [17]. In general, two main 

mechanisms have been proposed to explain cell inactivation by PEF: electrical breakdown 

and electroporation [18]. Electrical breakdown takes place when the electric field generated 

by PEF exceeds the microorganism’s critical field strength, leading to direct electrical 

discharge and the disruption of the cell membrane [19]. Biological cells function as 

electrolytes surrounded by electrically sensitive membranes. When these membranes are 

exposed to an external electric field, a transmembrane voltage is generated as a result [20]. 

4 Conclusion 
The interaction between frequency and treatment duration had a significant effect on the 

solid non-fat (SNF), fat content, and TPC of HPEF-UV-treated cow’s milk. However, the 

interaction between these two factors did not significantly affect the total dissolved solids 

(TDS) and protein content in the treated milk. Furthermore, the ANOVA results indicated 

that treatment duration alone had a significant effect on the protein content of HPEF-UV-

treated cow’s milk. Higher frequency and duration applied will reduce TDS, Fat, and TPC, 

but improve SNF. The results of this study indicate that the use of HPEF-UV at frequencies 

of 10–30 Hz and treatment durations of 10–20 minutes can effectively reduce 

microorganisms in milk without compromising its nutritional components, particularly 

proteins and fats. Based on the analysis, HPEV-UV Milk contains TDS 7.30% - 7.80%, 
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SNF 7.59% - 7.79%, protein 2.79% to 2.84%, fat 1.39% - 1.70%, and TPC 5.10 to 18.23 × 

10⁶ CFU/g. 
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