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Funding information stimulation is used as an innovative tool in enhancing meat quality. Purposely, the pre-
University of Basrah sent study was designed to evaluate the effectiveness of electrical stimulation (ES) on
different quality attributes (chemical, physical, & sensory) of laying aged chicken (Gallus
domesticus) carcasses. To assess the effect of ES on meat quality of aged chicken
(1.5 years), a total of 54 birds were slaughtered and their respective carcasses were sub-
jected to electric field strengths (EFSs) of 3.67 and 7.33 V/cm. Physicochemical and sen-
sorial characteristics of the ES-treated groups (3.67 and 7.33 V/cm) and control group
(without ES) meat were compared during the storage periods O, 30, and 60 days. The
results revealed that the electrical conductivity and specific energy consumption
increased significantly with an increase in the EFS. ES significantly (p < .05) decreased
peroxide number (by 12.62%), free fatty acids (FFA; by 13.46%), drip loss (by 4.25%),
and cooking loss (by 50.85%), and increased pH (by 5.90%). Besides, ES-treated samples
showed significant superiorities in terms of sensory characteristics in comparison with
control samples. An artificial neural network (ANN) gave a good fitting to predict the

development of peroxide value and FFA during storage.

Practical applications

Electrical stimulation (ES) has been studied as a means to reduce the time required

for aging to prevent meat hardness. ES improves the tenderness of meat by reducing

Abbreviations: ANN, artificial neural network; B, number of millimeters of KOH smeared with the plank sample; CL, cooking loss (%); DL, drip loss (%); EFS, electric field strengths (V/cm); ES,
electrical stimulation; FFA, free fatty acids (%); |, current (A); L, distance between electrodes (m); m, mass of chicken (kg); PV, peroxide value (meq/kg); R.L.S.D, revised least significant difference;
S, cross-sectional area (m?); SEC, specific energy consumption (kJ/kg); t, operating time (s); U, voltage (V); W, weight of sample (kg); W;, sample weight after 48 h (g); W,, weight after cooking (g);
W, weight before cooking (g); W, original sample weight (g); o, electrical conductivity (S/m); ¢, number of milliliters of KOH swabbed with the oil or fat sample.
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cut values, increasing the sarcomere length, and reducing the diameter of muscle

1 | INTRODUCTION

Globally, the demand for poultry meat has escalated, and therefore
poultry production has become a substantial economic business. Ten-
derness is one of the most important eating quality traits, which sig-
nificantly influences customer purchase of a poultry product. Meat
tenderness is dependent on several connective tissues in muscles, the
content of muscle sarcomere contraction, and integrity/deterioration/
degradation of myofibrillar structure (Ishamri & Joo, 2017). However,
a trend of consumers is shifting toward the purchase and consump-
tion of high-quality chicken. Consumer preference regarding aged
chicken meat is low owing to their low tenderness, enhanced cooking
time, poor physicochemical, and sensorial properties. Traditionally,
meat tenderness is enhanced using certain chemicals and so is less
preferred due to associated side effects and residual chemicals in
meat. Therefore, electrical stimulation (ES) is considered a safe physi-
cal treatment used in the meat industry to enhance physicochemical
and sensorial properties of meat as no chemicals are used in this
method (Cetin, Bingol, Colak, & Hampikyan, 2012).

ES helps in enhancing the quality of poultry meat by decreasing
muscle fiber diameter and increasing the sarcomere length. ES at 120 V
(low-voltage) directly affects the nervous system, on the other hand, high
voltage ES depolarizes and produces a large physical and chemical
response in the directly affected muscles (Cetin et al., 2012). ES along
with an injection of sodium chloride (NaCl) and calcium chloride (CaCl,)
into goat carcasses improves meat tenderization (Young & Buhr, 2000).
Researchers found that ES accelerates the rigor mortis development
(Lang et al., 2016). There is limited information about the effect of ES on
other quality characteristics of poultry meat and the results differ
according to varied experimental conditions. High AC voltage (higher
than 120 V) led to better quality and reduced pH, while the use of volt-
age less than 120V is safe for workers and gives the desired results
commercially (Al-Hilphy, Al-Asadi, & Zhuang, 2020). ES reduces the mat-
uration time after slaughter, speeds up the rigor mortis process, ripens
the muscles within 2 hr instead of 6 hr or more eventually reducing the
processing cost (Bakker, Underwood, Grubbs, & Blair, 2021; Bhat, Mor-
ton, Mason, & Bekhit, 2019; Warriss, 2000).

Commercially, ES has been studied as a means to reduce the time
required for aging to prevent meat hardness. ES improves the tender-
ness of meat by reducing cut values, increasing the sarcomere length,
and reducing the diameter of muscle fibers. The application of ES
helps in reducing the storage time, storage cost, de-feathering force,
and microbial load on the chicken carcass (Al-Hmedawy, Al-Asadi, &
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fibers. The application of ES helps in reducing the storage time, storage cost, de-
feathering force, and microbial load on a chicken carcass. Aged chicken meat carcass
can be treated by ES before storage to help meat processing industries for storing
meat safely. This study aimed to investigate the use of ES to improve the qualitative

and sensory characteristics of aged chicken meat carcass during storage periods.

Al-Hilphy, 2018, 2019). Therefore, this study aimed to investigate the
use of ES to improve the qualitative (physical and chemical) and sen-
sory characteristics of aged chicken meat carcass during storage

periods.

2 | MATERIALS AND METHODS

21 | Experimental birds

In this experiment, 54 laying's aged chicken Animal Selection Institute
(ISA) brown hens (G. gallus domesticus) were used. Experimentally pro-
cured birds were nearly 1.5 years old having an average weight of
1.5 +0.10 kg. All the laying aged chickens were slaughtered manually
and were left for 150 s to ensure complete depletion of blood. After-
ward, the feathers and internal organs were removed manually. The birds
(whole carcasses) were categorized into three treatments each compris-
ing of six birds, and each treatment was repeated three times (total of
54 birds). Then, the ES process was conducted on the treatments except
for the control treatment of carcasses. The treatment plan followed in
this study consists of a control treatment (To: without ES), the first ES
treatment (T;: electric field of 3.67 V/cm), and the second ES treatment
(T,: electric field of 7.33 V/cm). A salt concentration of 1% NaCl was
used, and the duration of the ES was 1 min for both treatments. Post
25 min of ES, experimental tests were performed on the chest cut
followed by cooling of carcasses at a temperature of 4°C for 6 hr. Later,
the carcasses were stored by freezing at —18°C for 0, 30, and 60 days

until below mentioned tests were performed.

2.2 | Electric field stimulator and ES treatment

The ES device (Figures 1 and 2) was designed and manufactured in
the Food Engineering Laboratory, Food Sciences Department, College
of Agriculture, University of Basrah. The device consists of a basin
made of plastic (11) and insulated by a cork. The thickness of the insu-
lation was 2.0 cm and was covered with an outer layer of plastic. The
55 x 33.5
(length x width x depth), and it contained a plastic cover (1) and volt-

inner dimensions of the sink were x 32 cm
age regulator (12) for regulating (0-250 V AC) intensity of the electric
field inside the basin. To ensure the exposure of the electric field, an
eccentric column (8) made of plastic was installed at the top of the

basin, which helped in raising and lowering (13) from and to the basin,
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FIGURE 1 Scheme of the electrical stimulating device for poultry
carcasses: (a) top view, (b) during stimulation, and (c) after stimulation.
(1) Plastic cover, (2) starter switch, (3) electrical connector, (4) timer,
(5) wires, (6, 10) electrodes, (7) insulators, (8) Eccentric shaft,

(9) levers, (11) plastic basin, and (12) regulator

and the carrying capacity of the device was four birds. Electro stimu-
lating electrodes (6 and 10) were made of stainless steel having

dimensions of 50 x 30 cm.
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2.3 | Temperature measurement of the carcass

The temperature of the carcass during ES treatment was measured by a
digital infrared thermometer (MCP, German). For this purpose, the thermal
camera was directed at the carcass, and the temperature was recorded.

2.4 | Electrical conductivity
Electrical conductivity was calculated from the following formula
(icier, Yildiz, & Baysal, 2008; Wang & Sastry, 1993).

IL
U:m (1)

where ¢ is the electrical conductivity (S/m), I is the current (A), U is
the voltage (V), S is the cross-sectional area (m?) and Lis the distance
between electrodes (m).

2.5 | Measuring voltage and current

The voltage was measured using a voltmeter provided with a voltage
regulator (Neutral, O V s/day 250 V AC). The current was measured
using an AC Digital clamp meter (Kyoritsu 2127R AC Digital Clamp
Meter). To measure the current passing to electrodes, a clamp meter
is put around the wire and the wire put in the center of the clamp for

maximum measurement accuracy.

2.6 | Specific energy consumption
The specific energy consumption was calculated by the following
equation (Gavahian & Chu, 2021):

sec= 2t (2)
m

where U is the voltage (V), tis the operating time (s), | is the current
(A), m is the mass of chicken (kg), and SEC is the specific energy con-
sumption (kJ/kg).

2.7 | Chemical properties

2.7.1 | Peroxide value

The peroxide value (PV) of meat samples for all treatments was calcu-
lated according to the method of Nielsen, Qian, and Pike (2017). Pur-
posely, 5 g extracted fat from the meat sample was taken in a
volumetric flask (250 ml), and 30 ml of an acetic acid-chloroform mix-
ture (containing three volumes of glacial acetic acid and two volumes

of chloroform (Sigma-Aldrich Co. LLC, Germany) was added in it
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FIGURE 2 Design of artificial neural network (ANN)

followed by swirling. Afterward, 0.5 ml of saturated potassium iodide
solution and 20 ml of distilled water were added. This solution was
then titrated against 0.1 N sodium thiosulfate solution with continu-
ous shaking till the disappearance of yellow color. Further, 0.5 ml of
starch indicator solution (1%) was added and titrated again till the blue
color disappeared and the peroxide number was estimated by the fol-
lowing equation:

Tx N
PV = W (3)

where W is the weight of the sample (kg), PV is the peroxide value,
and 7 is the quantity of Na,S,0; (ml).

2.7.2 | Free fatty acids

The free fatty acid (FFA) was calculated based on the method of Niel-
sen et al. (2017). Initially, 3 g of fat extracted from meat samples was
mixed with 50 ml of ethyl alcohol (Sigma-Aldrich Chemie GmbH, Ger-
man) followed by the addition of a few drops (2 ml) of phenolphtha-
lein indicator. Afterward, the mixture was mixed thoroughly and
titrated with 0.1 N sodium hydroxide solution until the color of the
solution changed to light pink. The percentage of FFA was estimated

by the following equation:

Titration(¢ — B) x N x 282 x 100

FFA= 1000 x W
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where W is the weight of the sample (g), ¢ is the number of milliliters
of KOH swabbed with the oil or fat sample, B is the number of milli-
meters of KOH smeared with the plank sample, and 282 is the molec-

ular weight of oleic acid.

2.8 | Physical properties

2.8.1 | pH of meat samples

The pH of meat samples taken from the chest of aged laying hen car-
casses was measured using a pH Meter (Jenway 3505, England). The
minced meat samples (10 g) were mixed in distilled water (100 ml) in a
glass beaker and left for 5 min. Later, the device was inserted into this

mixture and values were taken.

2.8.2 | Diriploss

In this experiment, the meat samples were weighed and suspended in
the refrigerator for 48 hr at a temperature of 4 °C by tying them with
a thread made of cotton and placing them in small nylon bags. After
48 hr, the samples were dried using a filter paper and again weighed
(Alvarado & Sams, 2000). Drip loss (DL) was calculated using the fol-
lowing formula:

(5

where W, the sample weight is after 48 hr (g) and W, is the original
sample weight (g).

2.83 | Cookingloss

To calculate cooking loss, the method of Belitz, Grosch, and
Schieberle (2009) was adopted. Cooking loss was calculated by
weighing the breast meat before and after roasting the samples in an
oven at a temperature of 200°C for 15 min by using the following

equation:

_ Wbc — Wac

CL
Wbc

x 100 (6)

where W\, is the weight before cooking (g), W, is the weight after
cooking (g), and CL is the cooking loss.

2.9 | Atrtificial neural network modeling
A multilayered perception artificial neural network (ANN) trained
using algorithm backpropagation was chosen to develop the model of

prediction. A neural network in the SPSS version 25 software was
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used. Data were randomized and divided into three subsets are,
88.9% is for utilized training and 11.1% for testing. Input variable
were electric field intensity (0, 3.87, and 7.33 V/cm) and period of fro-
zen storage (0, 30, 60, and 90 days). The output variables were PV
and FFA of spent hen meat. The activation function used in the hid-
den layer was a hyperbolic tangent and the identity activation func-
tion was used in the output layer, and the type of training was batch.
The optimization algorithm was scale conjugate gradient. Sum of
square error and average overall relative error were calculated to
compare between the predicted and experimental data. The better
results that gave a lower sum of square error and relative error.
Figure 2 illustrates the design of an ANN. The predicted data by ANN
was drawn by using design expert version 7 software.

210 | Sensory assessment

The meat was cut into cubes for all treatments, and then the electric
oven was used at a temperature of 200°C for 15 min. The sensory
evaluation was conducted by 15 (10 men and 5 women) trained expe-
rienced arbitrators (they trained according to 1SO standards
(International Organization for Standardization (ISO) 8586, 2012;
International Organization for Standardization (ISO 8589), 2007) in
the Department of Food Sciences to evaluate the samples in terms of
color, tenderness. Flavor, juiciness, and overall acceptance on the
9-score scale (no intensity (1)-high intensity (9). Analysis of sensory
descriptive was performed according to generic descriptive analysis
(Lawless & Heymann, 2010) and I1SO standard (International Organiza-
tion for Standardization (ISO 13299), 2016).

211 | Statistical analysis

A two-factor factorial experiment with a completely randomized
design was used and the results were compared using the revised
least significant difference (R.L.S.D) at the probability level (p < .05)
using the SPSS ver. 25 statistical program. Three replicates were used

in the experiments.

3 | RESULTS AND DISCUSSION

3.1 | Electrical conductivity, temperature, and SEC
Table 1 shows the electrical conductivity in brine during the treatment
of chicken carcasses by ES at the EFS 3.67 and 7.33 V/cm. The results
showed that the electrical conductivity increased significantly
(b < .05) with the increase in the EFS due to the increase in the cur-
rent flow, that is, electrical conductivity increased from 0.11 to
0.15 S/m. Xu, Zhang, Wang, and Bhandari (2021) stated that the elec-
trical conductivity depends on the orientation of the electrical field,
the composition of food materials (fat, salt, and fiber direction), and

temperature. The temperature in the saline solution during treatment
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TABLE 1 Effect of EFS on the ¢, temperature, and SEC
EFS (V/cm) 6 (S/m) Temperature (°C) SEC (kJ/kg)
3.67 0.11 + 0.01° 13.20 £ 0.34 480+0.11*
7.33 0.15 + 0.02° 22.00 £ 0.45¢ 26.8 +0.75°
Control N/A 12.00 + 0.67° N/A

Note: The different letters in the same column refer to significant effect at
p < .05 level.

Abbreviations: o, electrical conductivity; EFS, electrical field strength; SEC,
specific energy consumption.

ranged from 13.2 to 22°C. The SEC increased significantly (p < .05)
with the increase in the EFS, and this is a result of the increase in the
consumed power because there was an increasing current with the
same processing time for all treatments. For example, when the EFS is
increased from 3.67 to 7.33 V/cm, the SEC increased from 4.80 to
26.8 kJ/kg due to the increase of power consumption due to the
increase of current at constant processing time (1 min). Moreover,
from a combination of Equations (1) and (2), its can derive the follow-

ing Equation:

toU?S
L (7)

SEC=

Based on Equation (3), when U increased in two times and ¢
increased on 1.36 times or 36% (from 0.11 to 0.15S/m), SEC
increased on 4 x 1.36 = 5.44 times (444%).

This observation was in line with that reported in a recent study
by Gavahian and Chu (2021). Besides, Al-Hilphy, Abdulstar, and
Gavahian (2021) pointed that the SEC increased by 344% when the
EFS increased from 8.33 to 20.8 V/cm for the milk treated with the
electric field at constant time of processing. Similarly, Al-Hilphy
et al. (2021) found that the SEC increased by 113.88% when the EFS
increased from 4.28 to 15.71 V/cm. The researchers attributed the
reason for this as an increase in the consumed power with the
increase in the EFS when treating the mixture of wheat brans and
water with Ohmic heating. In addition, the increase in the current was
higher than the reduction in heating time.

3.2 | Chemical properties

3.2.1 | Peroxide value

Figure 3a shows the effect of ES and the frozen storage period on the
PV of carcasses of aged chicken. There were significant (p < .05)
effects of ES and the period of frozen storage on the PV of chicken
carcasses, where the second treatment at a time of 60 days recorded
an increase in the PV, which amounted to 1.50 meqg/kg. The reason
for the high PV may be due to chemical changes (oxidative rancidity)
because fat contains unsaturated fatty acids, so it is easy to get
exposed to oxidative rancidity, especially since fatty tissues contain
the enzyme lipoxygenase, which acts as a catalyst in adding oxygen to

fatty acids, so the viscosity increases. The factors that help this
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storage on experimental. (a) Peroxide value (PV) and (b) free fatty
acids (FFA) of spent hen meat

reaction are light energy, especially infrared or atomic rays, so enough
energy is collected to separate a proton from the hydrocarbon chain
of the unsaturated fatty acid, so free compounds called Free radicals
are formed. This reaction is catalyzed in the presence of this enzyme,
which adds oxygen to the acids, so peroxides are formed, then these
peroxides break down into short-chain fatty acids eventually combin-
ing with hydrogen to form hydroperoxides (Kleopatra, 2018). In oxida-
tive events, free radicals act on the unsaturated bonds of fatty acids
especially essential fatty acids (linoleic and linolenic) (Shahidi &
Zhong, 2005).

3.2.2 | Free fatty acids

Figure 3b shows the effect of ES and the period of frozen storage on
FFA. The Table shows a significant (p < .05) effect of ES and the
period of frozen storage on the percentage of FFA in meat. It is noted
that the FFA in the control treatment increased when the storage
period was 30 days, as it amounted to 1.4% and then decreased with
the progression of the storage period. While it is noted from the fig-
ure that the treatments 3.6 and 7.33 V/cm had a slight increase with
the progression of the storage periods, and the reason for this may be
due to Hydrolysis in the presence of lipase enzyme to fatty acids

+ glycerol. This process may occur due to some microorganisms that
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grow on fat and decompose it more rapidly during humid storage and
occurs mainly in the cell where the foul-smelling butyric acid sepa-
rates. Furthermore, this enzyme can be eliminated by thermal treat-
ment (Al-Asadi, 2020), as the ES worked to break down the enzyme
lipase, thus preventing the separation of butyric acid.

3.2.3 | ANN modeling of PV and FFA

Figure 4 illustrates the effect of EFS and FSP on PV, and FFA obtained
from ANN modeling. The results showed that the PV and FFA were
varied with EFS and FSP. For instance, when EFS increased from O to
7.33 V/cm at FSP of O days, the PV reduced from 0.806 to 0.80 meq/
kg (Figure 4a), and FFA increased from 1.239 to 1.326% (Figure 4b),
respectively. The maximum values of PV and FFA were 1.468 meq/kg
and 1.430%, respectively at 3.670 V/cm of EFS and 30 days of FSP.
But, the minimum values were 0.7803 meq/kg at 3.670 V/cm of EFS
and 30 days of EFS, and 1.239% at O V/cm of EFS and O days of FSP,
respectively. The determination coefficient between experimental and
predicted values using ANN for PV, and FFA reached 0.994 and
0.991, respectively as depicted in Figure 5. Sum of Squares Error
reached 0.066 and 0.007 for training and testing, respectively, as
shown in Table 2. Also, the relative error reached 0.007 and 0.012 for
PV and FFA, respectively. Fit statistics of the model were SD = 0.039,
CV. % = 3.559, RZ = .995, adjusted R? = .981, predicted R? = .856,
and Adeq precision = 21.272 for PV, and for FFA were SD = 0.013,

155
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FIGURE 4 Effect of electric field strength and frozen storage
period on (a) peroxide value and (b) free fatty acids resulting from
artificial neural network modeling
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CV. % = 1.002, R? = .997, adjusted R? = .978, predicted R? = .500,
and Adeq precision = 19.880. According to fit statistics, PV and FFA
can be predicted by Equations (3) and (4) as follows:

PV (mk—zq> —=0.8046 — 0.0234E +0.0330t + 0.0035Et + 0.0034E2

—0.00048t2 - 0.00051E2t
(8)

FFA(%) = 1.2414 +0.0290E +0.01264t — 0.00106Et — 0.00234E>
—0.00023t2 — 0.00018E2t + 4.14805 x 10~ °Et?

@)

where E and t are electric field strength and the frozen storage period,
respectively.

Figure 6 clarified the importance of independent variables in the
effect on the PV and FFA. The results demonstrated that the frozen
storage period has importance higher than EFS in the development of
PV and FFA, that is, the importance and normalized importance EFS
were 0.438 and 78.1%, respectively, for FSP were 0.562 and 100%,

respectively.
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08 o5
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(b)

1.45
140
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FIGURE 5 Experimental and predicted values using ANN
(a) peroxide value and (b) free fatty acid
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3.3 | Physical properties

331 | pH

Figure 7a illustrates a significant (p < .05) effect of ES and the period of
frozen storage on the pH of carcasses of aged chicken. It is noticed
from the Figure that the pH values increased with the progress of the
frozen storage periods in the control treatment and the ES treatment
7.33V/cm, as they reached 6.3 and 6.5, respectively. It is further
noticeable that the control treatment pH decreased significantly at the
60th day frozen storage period, which amounted to 6, while there was
no decrease in the third treatment. The Figure shows that the pH at ES
treatment 3.67 V/cm was not affected by the progression of the frozen
storage periods, as this treatment maintained the pH, that is, remained
below 6. The reason for the high pH in the electrically stimulated at
7.33 V/cm may be due to the slowing down of the glycogenolysis pro-
cess in the muscles. As the high-voltage ES affects the internal environ-
mental balance processes of the muscles, which in turn affects most of
the enzymes involved in the environmental balance owing to its sensi-
tivity to the temperature of the medium in which it operates. This cau-
ses a reduction in the lactic acid content that result in the rise of the
pH. It has been observed that the rapid decrease in pH during the first
hours of slaughter leads to a decrease in the quality of meat. It was

TABLE 2 Model summary

Training Sum of squares error 0.066
Average overall relative error 0.009
Relative error for scale dependents
PV (mea/kg) 0.007
FFA (%) 0.012
Testing Sum of squares error 0.007
0% 20% 40%

AL-HILPHY ET AL.

observed from the figure that the pH values naturally decreased in the
ES 3.67 V/cm, and this natural decrease does not lead to denaturation
of muscle proteins. Mainly due to the low temperature of the carcass
and during the period of storage by freezing to a point where the tem-
perature does not affect the properties of muscle proteins (Abdel-
Naeem, Zayed, & Mansour, 2021; Ahmed, 2021).

3.3.2 | Carcass temperature

Figure 7b shows the effect of ES and the period of frozen storage on the
temperature of the carcass. It is noted from the figure that the carcass
temperature decreased with the progression of the frozen storage
periods. There were no significant differences between the ES treat-
ments (3.67 and 7.33 V/cm) and the control treatment in the average
carcass temperature. The reason for the decrease in the temperature of
the carcass with the progress of the frozen storage periods may be
because the natural decrease in the temperature of the carcass does not
lead to denaturation of muscle proteins. Other factors affecting the tem-
perature of the carcass include the length of the frozen storage period,
the condition of the bird before slaughtering, and the pH, as the slow
decrease in pH is followed by a rapid decrease in the temperature of the
carcass (Abdel-Naeem et al., 2021).

3.3.3 | Driploss

Figure 7c indicates a significant (p < .05) effect of ES and the frozen
storage period on the amount of DL in carcasses of aged laying hens.
It is noted from the figure that the DL values increased with the pro-
gress of the frozen storage periods in the control treatment and the
electrical field intensity of 7.33 V/cm treated meat samples, as they
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FIGURE 6 The importance of independent variables in the effect on the PV and FFA
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reached 3.3 and 5.5%, respectively. Then it is noted that the DL in
control treatment increased significantly on the 30th day of the fro-
zen storage period, as it reached 5%. While a slight increase in the
electrical field intensity of 7.33 V/cm resulted in an increase of DL at
the 30th day of storage, which reduced to 4% at the 60th day of stor-
age. The figure shows that the DL at EFS 3.67 V/cm treatment
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maintained that the DL, as it remained within the normal levels. DL
values observed in the ES 3.67 and 7.33 V/cm remain within the nor-
mal rates. The natural increase in DL due to the progression of the
frozen storage period may be because the amount of fluid lost during
the frozen storage period may be due to the lack of denaturation of
proteins in the muscles and thus increasing the ability of the proteins
to bind water within the muscles (Al-Asadi, 2020).

3.34 | Cookingloss

Figure 7d indicates a significant (p < .05) effect of ES and the period
of frozen storage on the amount of cooking loss of carcasses of aged
chicken. The figure reveals that the values of cooking loss in the EFS
7.33 V/cm treated meat decreased 7%. At the 30-day frozen storage
period, as it reached 15%, after which it is noted that it increased at
the 60-day frozen storage period. While there was a slight decrease in
the control treatment with the progression of frozen storage periods.
While it is noticed that there is an increase in the amount of cooking
loss with the progression of the frozen storage periods in the EFS
3.67 V/cm. The reason for the increase in the amount of cooking loss
in ES treatments may be due to the lack of denaturation of proteins in
the muscles of carcasses and thus increasing the capacity of proteins
on the binding of water inside the muscles at zero storage period. But
the reason for the high amount of cooking loss in meat samples stored
in freezing may be due to a decrease in the carrying capacity of water
during storage and an increase in the decomposition of proteins,
which leads to a decrease in water retention and then an increase in
the cooking loss. ES plays a major role in stimulating the activity of
glycogenolytic enzymes, which work to higher the pH and lower the
water carrying capacity (Al-Asadi, 2020; Al-Hilphy, Al-Asadi, &
Zhuang, 2020). Armila, Hafid, and Ananda (2019) stated that the ES
has a significant effect (p < .05) on the cooking loss of mal chicken,

and it is average ranged between 21.0 and 23.5%.

3.4 | Sensory assessment

Figure 8 shows the effect of ES and the frozen storage period on the
organoleptic characteristics of tenderness, juiciness, flavor, color, and
general acceptance of carcasses of aged chicken. The results showed
that there were significant (p < .05) effects of ES and the period of
frozen storage on the freshness and juiciness (Figure 8a,b) of chicken
carcasses, where the EFS 3.67 and 7.33 V/cm at a time of 60 days
have recorded an increase in the values of freshness and juiciness,
which reached 6.5 and 7.5, respectively, compared to the treatment
of chicken carcasses (control), which amounted to 6. While there were
no significant differences in the flavor, color, and general acceptance
(between the ES treatments and the control treatment). Many
researchers depicted that ES has a significant effect on the red meat
color (Adeyemi & Sazili, 2014; Asghar, Henrickson, & Kastner, 1983;
Polidori & Vincenzetti, 2017). The reason for improving the freshness

and juiciness (Figure 8c-e) may be due to the high pH in the ES
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treatments to slow the decomposition process of the glycogen in the
muscles, as the high-voltage ES reduces the lactic acid, which causes
the pH to rise. There is a positive correlation between the water car-
rying capacity and the pH, so it is noticed that the juiciness of the
meat of the carcasses improves and thus reflects positively on the
improvement of tenderness (Abdel-Naeem et al., 2021; Al-Hilphy, Al-
Musafer, & Gavahian, 2020). The native chicken meat texture was sig-
nificantly (p < .01) affected by the ES and ranged between 1.91 and
3.13 (Armila et al., 2019).

4 | CONCLUSIONS

Both electrical conductivity and SEC increased with the increase in
EFS. The characteristics of the chemical and physical carcass
treated with ES and during the FSPs of O, 30, and 60 days were

Effect of electric field intensity and period of frozen storage on sensory characteristics of spent hen meat

improved compared to the control treatment. The ES treatment at
7.33 V/cm increased the sensory characteristics (freshness, juici-
ness, flavor, and general acceptability) at all FSPs. ANN was used to
predict the development of PV and FFA during FSPs, and the poly
nonlinear model has described the development of PV and FFA dur-
ing FSP. To include ES technology in meat processing industry,
should manufacturing big ES apparatuses to treat meat by a contin-
uous method.
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