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Frog (Hoplobatrachusrugulosus) leg has good nutrional value with excellent flavor, texture and aroma. 
It’s an important protein source in daily cuisine. High drip losses, low water holding capacity are major 
obstacles when trading this meat in local market. Pulsed electric field is one of the most innovative 
technologies operating at low temperature.  This research inspected the effectiveness of pulsed electric 
field variables: numbers of pulse (250, 300, 350, 400, 450), and electric field strength (0.3, 0.6, 0.9, 1.2, 
1.5 kV/cm) to drip loss of frog leg in 6 hours of handling. Results showed that electric filed strength 
below 0.9 kV/cm was greatly maintained more water holding capacity of frog leg during distribution by 
protecting protein integrity. At high number of pulse over 400, drip loss on frog leg was controlled 
effectively. It’s suggested that the pulsed electric field as non-thermal treatment should be applied for 
frog leg to maintain its physical characteristics during distribution 
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INTRODUCTION 

Frog (Hoplobatrachusrugulosus) is an 
attractive food as it’s mainly collected in nature 
(Nguyen et al. 2018). It’s commonly consumed 
due to its palatability (Efenakpo et al. 2016). It’s 
considered as healthy food source based on its 
good nutritional value (Yatanan et al. 2016). Frog 
meat is highly prefered as lean meat by its 
adequate amino acid balance and low lipid 
percentage (Casali et al., 2005; Pires et al. 2006; 
Nobrega et al. 2007). Therefore frog meat is 
recommended in diets to control cholesterol, 
obesity, arterial hypertension, gastrointestinal 
disorders, convalescents (Mello et al. 2006; 
Nobrega et al. 2007). Frog meat can be utilized to 
compensate for calcium deficiency and 
osteoporosis, as it contains a great amount of 
calcium available for absorption (Paixao and 
Bressan, 2009). 

Pulsed electric field (PEF) was an innovative 
processing method drawing much attention in 

meat processing as non-thermal treamtent to 
preserve the best product texture (Vorobiev and 
Lebovka 2008; Donsi et al. 2010; Puertolas et al.  
2012; Giulia et al. 2021). PEF applied high-
intensity electrical pulses (< 50 kV) for short 
duration times width (microseconds to 
milliseconds) by setting samples between two 
electrodes (Puertolas et al. 2016). There were 
three levels of electric field strengths: low intensity 
(<0.1 kV/cm), medium intensity (0.1÷1.0 kV/cm) 
and high intensity (> 1.0 kV/cm). Electric field 
strength (below 1.0 kV/cm) was suitable for soft 
material meanwhile > 1.0 kV/cm was appropriate 
for hard tissue (Puertolas et al. 2016). PEF 
induced trans-membrane potential by charging at 
the membrane layers (Vorobiev and Lebovka, 
2008). When an electrical field was applied, it 
resulted in reversible and irreversible 
electroporation at the membrane. Reversible 
electroporation was suitable for biotechnological 
and medical purposes. Meanwhile irreversible 
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electroporation (10–50 kV/cm) was utilized for 
enhancing disintegration and permeabilization 
(Raso et al. 2016; Wiktor et al. 2013). The 
efficiency of PEF relied on technical variables 
(electric field strength, number of pulses, time of 
treatment) and food matrix (Puertolas et al. 2012; 
Vorobiev and Lebovka 2008). PEF has capability 
to cause microtextural modification leading to the 
enhancement of meat quality. Different literatures 
mentioned to application of PEF on pork, beef, 
poultry (Baldi et al. 2020). PEF is used alone or 
couple with another method to synergistically 
improve product quality, microbial inactivation, 
and extracting recovery (Bhat et al. 2019; Gomez 
et al. 2019). PEF has not significant impact on 
water holding capacity, color and lipid oxidation 
(Arroyo et al. 2015; McDonnell et al. 2014; 
Suwandy et al. 2015b). Objective of our study was 
to examine the effectiveness of pulsed electric 
field treatments (numbers of pulse, electric field 
strength) on physical quality (drip loss or water 
holding capacity) of frog leg during distribution. 
 
MATERIALS AND METHODS 

2.1 Material 
Frogs were naturally collected in local farm, 

Nga Nam district, SocTrang province, Vietnam. 
Frogs were processed quickly to obtain their leg 
under PEF equipment. 

2.2 Researching method 
Frog legs were treated by PEF equipment in 

different numbers of pulse (250, 300, 350, 400, 
450), and  different values of electric field strength 
(0.3, 0.6, 0.9, 1.2, 1.5 kV/cm) within 2 minutes. 
The treated frog legs were kept in plastic bag 
ready for distribution. They were sampled after 6 
hours of distribution at ambient temperature to 
evaluate drip loss (%). Drip loss (%) = [(initial 
weight − weight after storage)/initial weight] × 100. 

2.3 Statistical analysis 
The experiments were run in triplicate with 

different groups of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI. 
 
RESULTSAND DISCUSSION 

Table 1 presented the effect of numbers of 
pulse (250, 300, 350, 400, 450) by the pulsed 
electric field (PEF) treatment on drip loss (%) of 
frog leg. It’s obviosly noticed that PEF significantly 
reduced drip loss (%) on frog leg compared to 
control. At high number of pulse over 400, drip 
loss on frog leg was controlled effectively. Our 
findings were similar to others in different reports. 
The numbers of pulse exerted a remarkable effect 
on the drip loss of chicken meat (Giulia et al. 
2021). Improvement of the water holding 
properties was noticed on pollock fillets by electric 
field strength 1.2–2.0 kV/cm, pulse number 20 
(Gomez et al. 2019). PEF treatment had 
differential effect on water holding capacity of beef 
loins (Bekhit et al. 2016). Number of pulse could 
be adjusted on the basis of the geometry and 
distance of the working electrodes, the voltage 
delivered, and the conductivity of the material 
applied (Ricci et al. 2018). Alahakoon et al. (2017) 
proved the improvement of the tenderness in 
collagen-rich meat by PEF treatment. 

Table 2 illustrated the efficiency of electric 
field strength (0.3, 0.6, 0.9, 1.2, 1.5 kV/cm) by the 
pulsed electric field (PEF) treatment on drip loss 
(%) of frog leg. It’s clearly realized that PEF 
significantly electric filed strength below 0.9 kV/cm 
was greatly maintained more water holding 
capacity (less drip loss) of frog leg during 
distribution by protecting protein integrity. 

 
Table 1: Numbers of pulse to drip loss (%) of frog leg after 6 hours of distribution 

 
Numbers of pulse 0 250 300 350 400 450 

Drip loss (%) 7.29±0.04a 2.12±0.01b 1.69±0.03bc 1.05±0.02c 0.75±0.00cd 0.58±0.01d 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

Table 2: Electric field strength (kV/cm) of frog leg after 6 hours of distribution 
 

Electric field 
strength (kV/cm) 

0 0.3 0.6 0.9 1.2 1.5 

Drip loss (%) 7.29±0.04a 0.75±0.00d 1.32±0.02cd 1.78±0.00c 2.35±0.01bc 2.79±0.03b 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 
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Our findings were similar to others in different 
reports. Low-intensity PEF treatments greatly 
reduced drip loss in chicken breast fillets (Gomez 
et al. 2019). Moisture entering the lipid bilayer 
might be trapped into the pores, thus leading to a 
reduced drip loss. Low intensity PEF treatments 
induced proteins’ conformational changes causing 
a modification of interactions between polar and 
apolar amino acids, hence improving the 
interactions between proteins and water 
molecules (Giulia et al. 2021). High-intensity PEF 
caused irreversible electroporation inducing an 
accumulation of drip loss by protein denaturation, 
myofibril fragmentation, cell rupture and leakage 
of cell fluids into extracellular spaces 
(Gudmundsson and Hafsteinsson, 2001). O'Dowd 
et al. (2013) utilized low PEF electric fields on 
beef muscle to reduce weight loss. Suwandy et al. 
(2015) confirmed that PEF is suitable to tenderize 
beef muscle. 

CONCLUSION 
Pulsed electric field is a non-thermal 

innovative technology widely applied in food 
industry. This research successfully found out the 
effect of pulsed electric field variables: numbers of 
pulse and electric field strength to drip loss of frog 
leg in 6 hours of handling. PEF treatment could be 
utilized as an innovative method to improve water 
holding capacity of frog meat. The application of 
PEF technology to frog processing would be 
highly favorable due to the low energy 
requirement and quick processing time. 
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

We acknowledged the financial support for the 
publication provided by Binh Duong University, 
Vietnam. 
 
AUTHOR CONTRIBUTIONS 

Nguyen Phuoc Minh arranged the 
experiments and also wrote the manuscript. 
 

Copyrights: © 2021@ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 

journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Alahakoon AU, Faridnia F, Bremer PJ, Silcock P, 

Oey I. Pulsed electric fields effects on meat 
tissue quality and functionality. Handbook of 
electroporation 2017; 4. 

Andréia C, Andressa MB, Marília M, Roberta JR, 
Cristhiane SOC, Cleide RWV (2013). 
Evaluation of the Petrifilm™ and TEMPO® 
systems and the conventional method for 
counting microorganisms in pasteurized 
milk.Food Science and Technology 33: 784-
789. 

Arroyo C, Eslami S, Brunton NP, Arimi JM, Noci 
F, Lyng JG. An assessment of the impact of 
pulsed electric fields processing factors on 
oxidation, color, texture, and sensory 
attributes of Turkey breast meat. Poultry 
Science 2015; 94: 1088–1095.  

Baldi G, Soglia F, Petracci M. Current status of 
poultry meat abnormalities. Meat Muscle 
Biol. 2020; 4: 1–7. 

Bekhit AEDA, Suwandy V, Carne A, van de Ven 
R, Hopkins DL. Effect of repeated pulsed 
electric field treatment on the quality of hot-
boned beef loins and topsides.Meat Science 
2016; 111: 139–146. 

Bhat ZF, Morton JD, Mason SL, Bekhit AEDA. 
Current and future prospects for the use of 
pulsed electric field in the meat industry.Crit. 
Rev. Food Sci. Nutr.2019; 59: 1660–1674. 

Casali AP, Moura OM, Lima SL. 
Raçõescomerciais e o rendimento de 
carcaça e subprodutos de rã-touro.Ciência 
Rural 2005; 35: 1172-1178. 

Donsi F, Ferrari G, Pataro G. Applications of 
pulsed electric field treatments for the 
enhancement of mass transfer from 
vegetable tissue.Food Eng Rev 2010; 2: 
109–130. 

Efenakpo OD, Ayodele IA, Ijeomah HM. 
Assessment of frog meat utilisation in 
Ibadan, Oyo State, Nigeria.Journal of 
Research in Forestry, Wildlife & Environment 
2016; 8: 31-43. 

Gomez B, Munekata PES, Gavahian M, Barba FJ, 
Marti-Quijal FJ, Bolumar T, Campagnol PCB, 
Tomasevic I, Lorenzo JM. Application of 
pulsed electric fields in meat and fish 
processing industries: An overview. Food 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Nguyen Phuoc Minh                                Physical Characteristics of Frog Leg Affected by Pulsed Electric Field 

 

Bioscience Research, 2021 volume 18(2): 1570-1573                                               1573 

 

Res. Int. 2019; 123: 95–105. 
Gudmundsson M and Hafsteinsson H. Effect of 

electric field pulses on microstructure of 
muscle foods and roes.Trends Food Sci. 
Technol. 2001; 12: 122–128. 

McDonnell CK, Allen P, Chardonnereau FS, Arimi 
JM, Lyng JG.The use of pulsed electric fields 
for accelerating the salting of pork.LWT - 
Food Science and Technology 2014; 59: 
1054–1060. 

Mello SCRP, Pessanha LS, Mano S, Franco RM, 
Pardi HS, Santos IF. Avaliaçãobacteriológica 
e físico-química da polpa de dorso de 
rãobtidaporseparaçãomecânica.Brazilian 
Journal of Food Technology 2006; 9: 39-48. 

Nguyen PM, Le TN, Pham TLP, Long GB. 
Different parameters affecting to production 
of curcumin-dry-salted frog 
(Hoplobatrachusrugulosus).Journal of Global 
Pharma Technology 2018; 10: 359-367. 

Nobrega ICC, Ataide CS, Moura OM, Livera AV, 
Menezes PH. Volatile constituents of cooked 
bullfrog (Ranacatesbeiana) legs. Food 
Chemistry 2007; 102: 186-191. 

O'Dowd LP, Arimi JM, Noci F, Cronin DA, Lyng 
JG. An assessment of the effect of pulsed 
electrical fields on tenderness and selected 
quality attributes of post rigour beef muscle. 
Meat Science 2013; 93: 303–309. 

Paixao MPCP and Bressan J. 
AplicaçãoTerapêutica da Carne de 
Rã.NutriçãoemPauta 2009; 94: 21-25. 

Pires CV, Oliveira MGA, Rosa JC, Costa NMB. 
Qualidadenutricional e escorequímico de 
aminoácidos de 
diferentesfontesproteicas.Ciência e 
Tecnologia de Alimentos 2006; 26: 179-187. 

Puertolas E, Luengo E, Alvarez I, Raso J. 
Improving mass transfer to soften tissues by 
pulsed electric fields: fundamentals and 
applications. Annu Rev Food SciTechnol 
2012; 3: 263–282. 

Puertolas E, Koubaa M, Barba FJ. An overview of 
the impact of electrotechnologies for the 
recovery of oil and high-value compounds 
from vegetable oil industry: Energy and 
economic cost implications. Food Res 
Int2016; 80: 19–26. 

Raso J, Frey W, Ferrari G, Pataro G, Knorr D, 
Teissie J, Miklavcic D. Recommendations 
guidelines on the key information to be 
reported in studies of application of PEF 
technology in food and biotechnological 
processes. Innov.Food Sci. Emerg.Technol. 
2016; 37: 312–321. 

Ricci A, Parpinello GP, Versari A, Ricci A, 
Parpinello GP, Versari A. Recent advances 
and applications of pulsed electric fields 
(PEF) to improve polyphenol extraction and 
color release during red winemaking. 
Beverages 2018; 4: 18. 

Suwandy V, Carne A, van de Ven R, Bekhit 
AEDA, Hopkins DL. Effect of pulsed electric 
field treatment on hot-boned muscles of 
different potential tenderness.Meat Science 
2015a; 105: 25–31. 

Suwandy V, Carne A, van de Ven R, Bekhit 
AEDA, Hopkins DL. Effect of pulsed electric 
field treatment on the eating and keeping 
qualities of coldboned beef loins: Impact of 
initial pH and fibre orientation. Food and 
Bioprocess Technology 2015b; 8: 1355–
1365. 

Vorobiev E and Lebovka N. Pulsed electric fields 
induced effects in plant tissues: fundamental 
aspects and perspectives of applications. In: 
Vorobiev E, Lebovka N (eds) 
Electrotechnologies for extraction from plants 
and biomaterials. Springer, New York, 2008; 
pp 39–81. 

Wiktor A, Iwaniuk M, Sledz M, Nowacka M, 
Chudoba T, Witrowa-Rajchert D. Drying 
kinetics of apple tissue treated by pulsed 
electric field. Dry. Technol. 2013, 31: 112–
119. 

Yatanan CB, Bassa AY, Adjéhi D. Consumption, 
proximate and mineral composition of edible 
frog Hoplobatrachusoccipitalisfrom midwest 
areas of Côte D’ivoire. African Journal of 
Science and Research 2016; 5: 16-20. 

 
 


