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Abstract – The aim of this study was to evaluate 

the effect of different electrical variables used in 

broiler stunning on the final quality of the meat. 

Two hundred Cobb broilers (48 days-old) were 

randomly assigned in 4 treatments with 2 

waveforms (WF) (pulsed direct current - DC and 

rectangular alternating current – AC) and 2 

frequencies (FREQ) (650 Hz and 300 Hz) in a 22 

factorial design. Broilers were electrically stunned 

in water bath of a commercial slaughterhouse. 

Pectoralis major (PM) samples were analyzed for 

pH, cooking loss, water holding capacity, shear 

force and instrumental color. Results were 

analyzed by GLM and Tukey´s test (P<0.05). The 

interaction between WF x FREQ was significant 

only for lightness (L*). The effects of WF or 

FREQ were not significant for pH, CL, SF and a* 

(P>0.05). FREQ had a significant effect on WHC 

and b* (P<0.05), which were higher in PM of 

poultry stunned at 650 Hz. The higher frequency 

also resulted in lower L*. This study indicated 

that the stunning frequency exerts greater 

influence than the waveform on the meat quality 

of broilers. The use of higher frequency (650Hz) 

improved meat quality when compared to the 

lower frequency (350 Hz).  
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I. INTRODUCTION 

 

The poultry industry employs more than 3.6 

million people in Brazil and accounts for over 

1.5% of the Gross Domestic Product (GDP). 

Additionally, Brazil is the world´s largest 

exporter of chicken meat [1]. The growing 

demand for chicken exports has led to the 

continous improvement of meat quality and 

safety. More recently, animal welfare has gained 

importance among consumers, producers and 

retailers of animal foods, mainly in European 

Union [2]. According to the Brazilian legislation 

[3], animals must be rendered unconscious 

before slaughter. Electrical water bath stunning 

of broiler chickens is the most commonly used 

method in commercial chicken slaughterhouses 

in Brazil. Stunning methods have to be efficient 

on rendering animals unconscious, but should 

not interfere with the meat quality. Thus, 

combinations of different electrical waveforms, 

frequencies, voltages, and amount of current are 

used [4]. High stunning frequencies (>500Hz) 

remarkably improve carcass quality and 

decrease breast muscle hemorrhage in broilers 

[5] and turkeys [6]. However, frequency levels 

>800 Hz may not render birds unconscious until 

the beginning of the bleeding stage [7]. On the 

other hand, low frequencies (<200Hz) may 

cause death and have been associated with meat 

quality defects such as hemorrhage and broken 

bones [8]. The waveform of the current also 

influences the effectiveness of the stunning. A 

pulsed direct current (DC) is often used for 

electrical water bath stunning of chicken. 

Alternating current (AC) has also been used, and 

the sinusoidal waveform is the most prevalent in 

the industry [7]. However, rectangular 

alternating waveform has been adopted in 

modern commercial slaughterhouses. 

Alternating currents may induce ventricular 

fibrillation during stunning [9], which is 

associated with animal welfare, since the 

recovery of consciousness during bleeding is 

prevented [10, 11]. The scientific literature 

shows that most studies on electrical stunning in 

chickens were carried out in laboratories and not 

in real industrial conditions. In addition, there is 

a lack of studies on the effects of different 
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waveforms at intermediate frequency levels for 

the electrical stunning of broiler chickens. Thus, 

the objective of this study was to evaluate the 

effect of pulsed direct current (DC) and 

rectangular alternating current (AC) at 300 Hz 

and 650 Hz on the meat quality of chickens 

slaughtered in an industrial process.  

 

II. MATERIALS AND METHODS 

 

Birds: Two hundred (200) Cobb broilers (male 

and female) were used. Birds were 48 days-old 

and weighed from 2.9 to 3.0 kg.  

Experimental design: A 2×2 factorial design was 

applied, containing 4 treatments with 2 

waveforms (WF) (pulsed direct current - DC and 

rectangular alternating current – AC) and 2 

frequency (FREQ) levels (300 Hz and 650 Hz). 

Electrical stunning was carried out in an 

industrial electrical water bath HF 6000 (Fluxo®, 

Chapecó, Brasil) for 8.0 ± 1.0 s. Current 

(Amperage, Voltage) was the same in all 

treatments (80 to 100 mA and 70 V).  

Bleeding was performed within 10 s after 

stunning by severing the jugular vein and carotid 

artery by a neck cut of 0.78 inch. Bleeding was 

maintained for 180 s. Then, broilers were 

slaughtered according to the conventional 

procedure used by the slaughterhouse. Carcasses 

were cooled down in a water chiller until 

reaching 4 °C. Pectoralis major (PM) samples 

were manually cut from the carcasses within 40 

min from slaughter. Samples were frozen in a 

tunnel freezer at -30 ºC and stored at -18 ºC. 

Meat samples were thawed at 4 ºC for 24h prior 

to the analyses.  

Meat quality parameters: pH was measured using 

a digital pHmeter (Quimis, São Paulo, Brazil) with 

a penetrating electrode [12]; water holding 

capacity (WHC) was determined according to 

Hamm [13], with samples subjected to pressure 

(10 kg) for 5 minutes at room temperature; 

samples were cooked in a water bath until 

reaching 82 °C in their core and cooking loss (CL) 

was determined [14]; shear force (SF) was 

determined in 1.27 cm3 samples (cube-shaped) of 

the cooked meat using a TAXT2i texturometer 

(Stable Micro Systems, Surrey, England) equipped 

with a Warner-Bratzler blade. SF was taken 

perpendicularly to the muscle fibers direction, 

with 2 mm/s test speed and 30 mm distance from 

the base; instrumental color was determined using 

colorimeter (Konica Minolta CR 410, Tokyo, 

Japan), illuminant D65, opening diameter 50-53 

mm, observation angle 2° and CIE color 

coordinates L*, a* and b*.  

Statistical analysis: Results were analyzed using 

the General Linear Models (Statgraphics Anturion 

XV program version 15.2.05). The individual 

effect of waveform and frequency and their 

interaction were determined according to the 

statistical model: Yijk=µ+Ii+Aj+Ii*Aj+eijk, where: 

Yijk = variable, μ = mean; Ii = frequency (i = 1, 2), 

Aj = waveform (j = 1, 2); Ii*Aj = interaction 

between frequency and waveform; eijk = residual 

error. When the interaction was not significant 

(P>0.05), the main effects were analyzed without 

interaction and means were compared by Tukey´s 

test (P<0.05).  

All experimental procedures were approved by 

the Ethics Committee on Animal Use (CEUA) 

of PUCPR (process no. 709). 

 

III. RESULTS AND DISCUSSION 

 

The interaction between WF x FREQ was 

significant only for lightness (L*). The main 

effects of WF or FREQ were also not significant 

for pH, CL, SF and redness (a*) of broiler meat 

(P>0.05). Electrical frequency had a significant 

effect on WHC (P<0.05), which was higher in 

PM of poultry stunned at 650 Hz (P<0.05) 

(Table 1). The significant interaction between 

WF x FREQ indicated that the combination of 

AC and 650 Hz result in lower L* values (Figure 

1). Lightness were higher in PM of broiler 

stunned at 300 Hz, which also showed lower 

WHC and lower yellowness (b*) compared to 

PM of broilers stunned at higher frequency 

(650Hz) (Table 1). This indicates that electrical 

stunning at lower frequency (300Hz) resulted in 

paler meat color and higher water loss. WHC in 

PM of all treatments performed in this study 

were higher than those reported by Takahashi 

[15] for PM of broilers stunned at 800Hz/ 90V 

(25.51%). Higher WHC indicates higher ability 

of the meat to retain its moisture during 

application of external forces, such as cutting, 

grinding or heating, which commonly applied 

during meat processing [16]. 
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Table 1. Effects of waveform and frequency on meat 

quality parameters of broilers (Mean ± standard error). 

Item 

Electrical variables 

Waveform Frequency 

DC AC 300 650 

pH 5,76±0,017a 5,78±0,017a 5,78±0,017A 5,76±0,017A 

CL 30,21±0,64a 31,88±0,63a 30,50±0,64A 31,59±0,63A 
WHC 31,57±0,57a 33,29±0,56a 30,77±0,57B 34,08±0,56A 

SF 3,60±0,22a 3,42±0,22a 3,51±0,22A 3,51±0,22A 

L* 59,67±0,34a 60,58±0,34a 62,08±0,34A 58,17±0,34B 

a* 11,45±0,19a 10,99±0,19a 11,13±0,19A 11,31±0,19A 

b* 15,74±0,36a 15,94±0,36a 14,76±0,36B 16,92±0,36A 

DC = direct current; AC = alternating current. CL = 

cooking loss (%),WHC = water holding capacity (%), SF = 

shear force (kgf), L* = lightness, a* = redness and b* = 

yellowness. Different lowercase superscripts in the same 

row indicate significant difference between waveform 

treatments (P<0.05). Different uppercase superscripts in the 

same row indicate significant difference between frequency 

treatments (P<0.05). 
 

Figure 1. Interaction between waveform (DC = pulsed direct 

current, AC = rectangular alternating current) and frequency 

(300 and 650 Hz) on L* values in the breast meat of 

electrically stunned broilers  

 
Similarly to the results found in the present study, 

Xu et al. [17] did not found differences in pH, CL 

and a* values of PM from broilers stunned at 

different electrical frequencies (160Hz, . However, 

the authors found lower SF broilers stunned at 

400Hz and 1,000Hz. In the present study, 

frequency did not affect the SF of PM. Xu et al. 

[17] indicated that the high stunning frequencies 

used may improve meat quality. The results 

presented on Figure 1 also showed that use of 

650Hz for the electrical stunning improved L* 

values of PM cuts.  

 

 

IV. CONCLUSION 

 

This study indicated that among the electrical 

stunning parameters, frequency exerts greater 

influence than waveform on the broiler´s meat 

quality. The use of electrical stunning at 650Hz 

resulted in better meat quality than 300 Hz.  
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