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Abstract 
Freezing is one of the most common methods for preserving food as it is an 

effective way to extend shelf life and preserve flavor and color. Currently, the high 
voltage electrostatic field (HVEF) has been studied to assist freezing meats such as 
lamb and pork. The results showed that the drip loss decreased, and textures were 
closed to unfrozen meat. However, many works had studied the effect of HVEF 
assisted freezing on texture of thawed small meat samples (around 1 – 15 g), and there 
was little information on texture of cooked products. The objective of this research is 
to study the physical characteristics of cooked chicken breast, with higher weight  
(38 ± 2 g.), frozen under different HVEF intensities. The chicken breasts were cut into 
2 cm thickness and sealed in plastic bag (LDPE). The HVEF intensities (0, 1.25, 1.875, 
2.5 and 3.125 kV/cm) were applied with freezing temperature at -20ºC for 5 h. Frozen 
samples were kept at -40ºC until they were analyzed. Then the samples were thawed 
at ambient temperature and cooked at 95-100ºC. The drip loss and cooking loss of 
HVEF treatment decreased when they were compared to conventional freezing.  
The moisture content of cooked products was higher than those of products without 
HVEF. For texture, the hardness and chewiness of cooked products were decreased 
statistically significant difference from non-HVEF treatment, but the springiness and 
cohesiveness were not significantly different. 

 

Keywords: Chicken breast, freezing, high voltage electrostatic field, 
texture 
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1. Introduction 
Freezing is one of the ancient and most preferred process, used for preservation 

in meat products. In the frozen states, enzyme activity and microbial growth are 
inhibited (Hu et al., 2022).  Compared to the other processes, it has lower effect on 
deterioration of food properties such as color, flavor, nutrition (Delgado and Sun, 
2001; Reid, 1993). However, during freezing process, ice crystal formations damage 
meat cells leading to drip loss, cooking loss and texture change. Therefore, many 
researchers have studied new emerging technologies to assist freezing process for 
instance ultrasound (Cheng et al., 2015; Kiani et al., 2011), high pressure (Chevalier  
et al., 2000; Su et al., 2014), magnetic electric field (Abedini et al., 2011; Mohanty, 2001), 
radio frequency (Anese et al. , 2012) and high voltage electrostatic field (HVEF).  
The most promising technology to apply frozen food industry is HVEF because of its 
cost effectiveness and easy to integrate with commercial machines (Dalvi-Isfahan  
et al., 2016; Le-Bail et al., 2011; Wang et al., 2019; Xanthakis et al., 2013). High voltage 
electrostatic field can be produced by applying high voltage electricity to parallel 
electrodes. The lines of electrostatic flux are in between oppositely charged electrodes. 
By increasing the electrostatic fields, nucleation temperatures are shifted to higher 
values (Jia et al., 2017; Orlowska et al., 2009) leading to reduce freezing times, increase 
freezing rates, and create abundant small ice crystals (Wang et al., 2019).  

 For recent years, HVEF has been studied to improve the qualities of frozen 
meats such as pork (Xanthakis et al., 2013), lamb (Dalvi-Isfahan et al., 2016;  
Dalvi‐Isfahan et al., 2018), shrimp (Liu et al., 2022) on drip loss, color, texture of thawed 
samples etc. However, these works have been done with a small piece of meat samples 
(1.06 ± 0.04 g.  for pork, 2.3 ± 0.2 g for lamb, 14.7 ± 1.9 g for shrimp). Moreover, there 
are still limited results on cooking loss and texture of cooked samples. Therefore, the 
aim of this study was to investigate drip loss, cooking loss and texture of cooked 
chicken breasts, in which the chicken breasts (around 38 g.) are frozen under HVEF. 

 
2. Materials and Methods 
2.1 Materials 

Chicken breasts were bought from Ya-Mo market (Nakornratchasima, 
Thailand) on the slaughtered day and packed in the ice boxes in the morning.  
The breasts were cut into 2 cm thickness, weighed for 38 ± 2 g. per piece and sealed in 
low density polyethylene (LDPE) vacuum bag. The length and width of samples 
depended on the shape of breasts which were not fixed. All samples were cut and 
frozen under each condition on the same day. The moisture content of samples was 
measured by using moisture analyzer (Model 350-8860/K HA 300, Precisa Instruments 
AG, Dietikon, Switzerland). 
2.2 Freezing under high voltage electrostatic fields 

2.1.1 Freezing time 
 The freezing time was investigated by using thermocouples (Benetech, Model 
GM1312, Shenzhen, China). The thermocouples inserted to the center of chicken 
breasts and temperatures were observed (without HVEF). The temperature of samples 
reduced from 8.7 and 10°C to lower than -10°C for 4.2 h. Therefore, in this experiment, 
the samples were frozen under different HVEF intensities in the freezer for 5 h.  
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2.2.2 High voltage electric field apparatus 
Fig 1. showed the diagram of experimental set up. High voltage electrostatic 

field, HVEF, was generated from a direct power supply (CYXJ300AN, China). 
Electrodes were made from 304 stainless plates with dimensions of 20 × 25 cm placed 
in parallel. The distance between electrodes was 8 cm. The samples, contained in 
LDPE vacuum bags, were placed between electrodes and applied voltages at 10, 15, 
20 and 25 kV (electrostatic field intensities of 1.25. 1.875, 2.5 and 3.125 kV/cm) inside 
the freezer (Sanyo, SF-C992 NG, Thailand) at -20°C for 5 h. The freezer dimensions 
were 105 × 65 × 87 cm. The control samples (0 kV/cm) were simultaneously frozen 
with all experimental treatments. Then the frozen samples were stored in freezer  
at -40°C until they were analyzed. Electrostatic field intensities (IHVEF) were calculated 
by applied voltages (V) dividing with the distance between electrodes (D) following 
Equation (1). 

 
IHVEF (kV/cm)   =   (V [kV])/(D [cm.] )                    (1) 

 

 
Fig 1  Diagram of the experimental set up 
 

The samples of cut chicken breasts, 7 pieces, were arranged on the electrode as 
shown in fig 2.    

 

 
 
Fig 2  Arrangement of chicken breasts, with 2 cm. thickness and weighted for 38 ± 2 g 
in LDPE vacuum bag, on electrode. 
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2.2.3 High voltage measurement 
High voltages, generated from a direct power supply (TZT, Model 

CYXJ300AN, Shenzhen, China), were measured by using voltage divider method. 
Using ohm’s law, the resistors were connected in series circuit as shown in Fig 3.  
The voltage was divided by 10 resistors, in which R1 – R9 had resistance of 56 MΩ and 
R10 had resistance of 10 kΩ. The voltage drop across the tenth resistor (Vmeasured) was 
measured by using digital multimeter. Voltage of power supply (Vin) was calculated 
from Equation (2) (Irwin and Nelms, 2020). 
 

Vin = Vmeasured ×
(R1+R2+ … +R10)

R10
                                   (2) 

 

 
Fig 3  Schematic diagram of Voltage divider method. 
 
2.3 Physical characteristics 

2.3.1 Drip loss and cooking loss 
Frozen samples were weighed (W1) and then thawed at ambient temperature 

(24-26°C) before they were weighed (W2). As thawing time at ambient temperature 
was reduced around 70% compared to thawing time at refrigerator temperature  
(Xu et al., 2021). Furthermore, there were no significant differences in firmness  
(Xu et al., 2021) and tenderness (Gomes et al., 2021) of thawed frozen at ambient and 
refrigerator temperature. Drip loss percentage was calculated and expressed using 
Equation (3). 

 

% Drip loss   =    
𝑊1−𝑊2

𝑊1
 × 100                        (3) 

 
The thawed samples were sealed in polyethylene bags and cooked in hot 

water at 95-100°C with water bath (Julabo, SW22, Thailand )until the temperature of 
center reached 75°C. Then the cooked samples were cooled in water at 25°C and then 
weighed cooked sample (W3). Cooking loss percentage was determined and shown 
using Equation (4). 

 

 % Cooking loss   =    
𝑊2−𝑊3

𝑊2
 × 100                          (4) 
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2.3.2 Texture measurement 
After cooking, the samples were cut into cubic pieces (1.5 × 1.5 × 1.5 cm.)  

for texture analysis using texture profile analysis (TA-XT plus Texture Analyzer, UK) 
with probe P/36R. The parameters were set with the pretest speed of 2 mm/s, the test 
speed of 1 mm/s and the post-test speed of 5 mm/s and compressed samples to  
0.6 cm. (Zhang et al., 2020).  The cutting samples of all treatments were measured  
in longitudinal and transverse fiber muscle directions. Hardness, springiness, 
cohesiveness, and chewiness were calculated. 
2.4 Statistical analysis 

A completely randomized design (CRD) was used to study the electrostatic 
field intensity factors of 0, 1.25. 1.875, 2.5 and 3.125 kV/cm. Three replications were 
performed for all treatments. SPSS software version 16 (SPSS Inc., IL, USA) was used 
for statistical analysis. Duncan’s multiple range test was applied to compare the 
difference of means between each treatment at 95 % confidence interval. 

 

3. Results and Discussion 
3.1 Effect of HVEF assisted freezing on drip loss, cooking loss and moisture content 
of cooked chicken meats 

In this study, all chicken breast samples had initial moisture contents around 
70% wet basis with no statistically significant difference as shown in Table 1.  
The results in Table 1 also showed the effect of freezing chicken breasts under different 
high voltage electrostatic field (HVEF) intensities on drip loss, cooking loss 
percentages and moisture content of cooked chicken breasts. 

By using HVEF intensities from 1.25 to 3.125 kV/cm assisted freezing chicken 
breasts, the drip loss was lower than that of freezing with non-HVEF conditions.  
But the drip loss had no significant difference with the different HVEF intensities. 
These results were similar to the works of Dalvi-Isfahan et al., 2016; Dalvi‐Isfahan  
et al., 2018; Jia et al., 2017. The cooking loss of the samples first decreased at lower 
HVEF intensities (1.25 and 1.875 kV/cm.) and then increased at higher HVEF 
intensities (2.5 and 3.25 kV/cm.). As the drip loss and cooking loss of HVEF treatments 
were lower than those of the control (0 kV/cm.), therefore the moistures of cooked 
meats treated with HVEF were higher than those of conventional freezing. 

 
Table 1  % Initial moisture content, %drip loss, %cooking loss and %moisture content 
of cooked products of frozen chicken breasts under different high voltage electrostatic 
field intensities (IHVEF). 

IHVEF 
(kV/cm) 

% MCwb of 
initial meats 

% Drip loss % Cooking loss 
% MCwb of 

cooked meats 

0  70.62 ± 0.74a  2.07 ± 0.62b  21.15 ± 3.77bc  65.67 ± 0.91a  
1.25 70.63 ± 0.08a  1.40 ± 0.48a  19.51 ± 3.37ab  67.23 ± 0.57b  
1.875 69.98 ± 0.08a  1.59 ± 0.66a  17.87 ± 4.49a  67.36 ± 0.17b  
2.5 70.09 ± 0.67a  1.41 ± 0.62a  22.78 ± 3.05c  67.01 ± 0.39b  

3.125 70.75 ± 0.22a  1.50 ± 0.68a  23.35 ± 2.38c  66.95 ± 0.16b  
Note: a, b, c Means ± Standard deviation of 3 pieces × 3 replicates (n = 9) were presented with different 
superscripts are significantly different (P<0.05) in the same column. 
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Generally, big ice crystals are formed during conventional freezing process, 
which caused cell tissue damage leading to drip loss during thawing (Orlowska et al., 
2009). Then the cell loses muscle fluid and texture changes (Morrison, 1993).  
On the other hand, the freeze-thaw process induces protein denaturation and 
aggregation with ice crystallization on solute concentrations, cold denaturation, and 
protein oxidation leading to loss of qualities (Amiri et al., 2019; Lee et al., 2022;  
Xia et al., 2009). The freezing under HVEF process produces smaller and more uniform 
ice crystals than conventional process (Dalvi-Isfahan et al., 2016, Jia et al., 2017, 
Xanthakis et al., 2013). Wei et al., 2008 explained that water molecules tended to align 
along the direction of the electrostatic field and nucleation in water supercooled can 
be induced to raise the temperature of supercooling. Dalvi‐Isfahan et al., (2018) 
presented micrographs of frozen lamb meats with different HVEF intensities and  
non-HVEF, in which the ice crystal diameters of HVEF treatments are smaller. 
However, there are no significant differences among of the HVEF treatments.  
Dalvi-Isfahan et al., (2017) have descripted the mechanism of ice crystal size reduction 
that HVEF reduces the entropy due to destruction of some hydrogen bonds and 
arranges water molecule in the direction of electric field, enhancing ice nucleation 
process. Then the hydrogen bonds are stronger, and the water structural clusters are 
changed. These might also be results of lower drip loss, cooking loss and higher 
moisture content due to the different size of ice crystals produced from HVEF and 
non-HVEF assistance. 
 
3.2 Effect of HVEF assisted freezing on texture of cooked chicken meats in direction 
of longitudinal and transverse fiber muscles 
 Textural properties (hardness, springiness, cohesiveness, and chewiness) of the 
cooked samples, obtained from 4 pieces × 3 replicates × 4 HVEF intensities (n=48)  
for control (0 kV/cm) and 4 pieces × 3 replicates (n=12) for each HVEF intensity  
(1.25, 1.875, 2.5 and 3.125 kV/cm), were measured in longitudinal and transverse fiber 
muscle directions. 
 
Table 2  Texture of cooked chicken breasts from freezing under HVEF process 
measured in direction of longitudinal fiber muscles. 

IHVEF 
(kV/cm) 

Hardness  
(N) 

Springiness   

(mm)  
Cohesiveness 

Chewiness 
(mJ) 

0  32.24 ± 7.34b 0.61 ± 0.06b 0.37 ± 0.06a 7.23 ± 2.49b 

1.25 24.63 ± 2.98a 0.59 ± 0.06ab 0.34 ± 0.03a 5.04 ± 1.06a 

1.875 28.50 ± 3.81ab 0.57 ± 0.04a 0.35 ± 0.05a 5.71 ± 1.44a 

2.5 31.90 ± 5.56b 0.61 ± 0.04b 0.38 ± 0.06a 7.47 ± 2.24b 

3.125 27.17 ± 3.23a 0.57 ± 0.05ab 0.35 ± 0.06a 5.40 ± 1.30a 
Note: a, b Means ± Standard deviation with different superscripts are significantly different (P<0.05) in 
the same column. 

 
Table 2 showed the texture of cooked meats, measured in longitudinal fiber 

muscle direction, while the texture detected in direction of transverse fiber muscles 
were presented in Table 3.  The results showed that the effect of HVEF on texture 
properties of both directions was a similar tendency. The cooked meats, frozen with 
HVEF, were more tender than the control, frozen with no HVEF. 
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Table 3  Texture of cooked chicken breasts from freezing under HVEF process in 
direction of transverse fiber muscles. 

IHVEF 
(kV/cm) 

Hardness  
(N) 

Springiness   

(mm)  
Cohesiveness 

Chewiness 
(mJ) 

0  28.31 ± 5.07b 0.625 ± 0.08a 0.375 ± 0.04a 6.630 ± 1.73bc 

1.25 23.11 ± 2.01a 0.655 ± 0.05a 0.373 ± 0.03a 5.657 ± 0.88ab 

1.875 23.12 ± 2.47a 0.625 ± 0.04a 0.370 ± 0.03a 5.366 ± 1.03a 

2.5 28.31 ± 5.77b 0.662 ± 0.08a 0.377 ± 0.05a 7.148 ± 2.33a 

3.125 25.16 ± 4.57a 0.626 ± 0.06a 0.383 ± 0.04a 6.120 ± 1.81abc 
Note: a, b, c Means ± Standard deviation with different superscripts are significantly different (P<0.05) 
in the same column. 
 

By increasing HVEF intensities assisted freezing process, the changing trends 
in hardness and chewiness properties were quite similar. Their values of cooked 
chicken breasts, frozen with HVEF, were lower than those of non-HVEF in both 
longitudinal and transverse fiber directions. While the springiness and cohesiveness 
had no effect from the HVEF intensities, there were no significant differences from the 
control treatment for both directions. These results were in agreement with the reports 
of Jia et al. (2017).  Jia et al. (2018) revealed that during freezing process, HVEF can 
reduce myosin denaturation while sarcoplasmic proteins and actin were less sensitive. 
Myofibrillar proteins including myosin are associated with water holding capacity, 
while myofibrillar proteins were also denatured during the thermal process (Bowker 
and Zhuang, 2015; Rahbari et al., 2018; Zhang and Ding, 2020). Therefore, texture of 
frozen meat treated by HVEF had lower hardness and higher moisture content than 
non-HVEF because of smaller ice crystal size leading to less cell damage  
(Dalvi‐Isfahan et al., 2018; Jha et al., 2017) and less protein denaturation (Jia et al., 2017). 

 
4. Conclusion 

In this study, the freezing of chicken breast samples under HVEF system using 

4 different intensities (1.25, 1.875, 2.5 and 3.125 kV/cm) was investigated. The results 

showed that freezing under all HVEF intensities significantly reduced drip loss and 

cooking loss. Texture properties, measured from both fiber muscle directions, 

changed in the same trends. There was no effect of HVEF intensities on springiness 

and cohesiveness of cooked samples, but HVEF, at intensity 1.25 kV/cm, affected to 

their hardness and chewiness. Therefore, freezing under HVEF could improve the 

physical characteristics of chicken breast. 
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