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Purpose: This study was designed to investigate the effect of pre-slaughter treatment,
i.e. stunned vs. non-stunned, on the quality attributes of Halal broiler breast meat.

Wong MM, Ashton I

Design/methodology/approach: Samples of non-stunned broiler breast meat (n=10)
and stunned broiler breast meat (n=10) which have undergone the Halal slaughter
method were analysed on the quality parameters of protein solubility, emulsion
activity index, emulsion stability index, pH, water holding capacity (drip loss and
cooking loss), texture (shear force textural analysis), meat colour (L, a, b analysis) and
sensory evaluation. The results were then analysed for statistical differences using the
Mann-Whitney Test on SPSS.
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Findings: The study revealed that stunned meat had a significantly higher protein
solubility compared to non-stunned meat (p<0.05). However, no significant differences
were found between the two samples for emulsion activity index, emulsion stability
index, pH and water holding capacity. Texture analysis revealed that cooked samples
of stunned meat was significantly tougher than cooked samples of non-stunned
meat (p<0.05). This correlated with sensory analysis where the non-stunned meat
was preferred on overall. Non-stunned meat samples exhibited significantly lower
lightness (L*) and yellowness values (b*) and significantly higher redness (a*) and
Chroma (C*) values as compared to stunned meat (p<0.05).
Research limitations/implications: Further analysis on glycogen content, lactic acid
content and measurements of proteolytic activity (cathepsins and calpains) could be
undertaken to further support the study. A trained panel using a scoring method with a
bigger sample group could be undertaken for more detailed sensory analysis.
Originality/value: There are studies comparing different stunning methods on broiler
meat quality but no present study comparing non-stunning and stunning on Halal
broiler meat quality.

Keywords: halal slaughter, stunning, non-stunning, poultry meat, broiler meat, meat
quality

Introduction
According to legislation under The Welfare of Animals (Slaughter
or Killing) Regulations 1995, all animals that are to be slaughtered
are required to undergo pre-stunning. However, under Schedule 12 of
the mentioned regulation, there are exemptions for religious slaughter
for both the Jewish and Muslim communities, i.e., the Shechita and
Halal method of slaughter respectively. Out of the two (Halal and
Shechita), the demand for Halal slaughtered meat worldwide is far
greater due to the growing Muslim population which is forecasted to
represent 27% of the global population by 2030.1 Halal is an Arabic
term meaning ‘allowed’ or ‘lawful.2’ In the halal slaughtering process,
animals have to be restraint and the name of Allah must be declared
during the act of slaughter while severing the neck of the animal with
a sharp blade to achieve instant and copious exsanguinations.3 On the
other hand, halal slaughter described by the Department of Islamic
Development Malaysia4 allows pre-stunning of the animal before the
severing of the trachea, oesophagus and both the carotid and jugular
veins. Many Muslim authorities and Halal accreditation bodies such
as the GCC Member States, Indonesia, Malaysia and the Islamic Food
and Nutrition Council of America are slowly accepting the use of

Submit Manuscript | http://medcraveonline.com

MOJ Food Process Technol. 2015;1(3):56‒63.

stunning in Halal slaughter with certain strict exceptions. According
to the latest version of the OIC Halal Standards3 and the Malaysian
Standards MS,5 stunning of the animal in Halal slaughter is permitted
if the stunning is reversible, i.e. the animal must still be alive and
not undergo any permanent injury during the use of the stunning.
However, this can be tricky as dead animals can develop false
aneurysms which could be mistaken for the animal still being alive.6
EFSA7 explained that pre-stunning an animal serves the purpose
of rendering the animal insensible. According to the EFSA, if not
stunned, the animal only becomes unconscious after a certain degree
of blood loss and this can be up to 20seconds in sheep and 2minutes
in cattle. Therefore, if not stunned, the animals will experience fear,
pain, panic and other adverse effects such as the inhalation of blood
because of bleeding into the trachea which can potentially affect the
meat quality. While there is debate on whether the stunning or nonstunning is more religiously acceptable in the Halal slaughter method,
both parties agree that animals should be slaughtered in the most
humane conditions to protect animal welfare.
On the contrary of the animal welfare concerns of non-stunning as
claimed by the EFSA, Anil3 stated that if stunning is not done properly,
this too can also negatively affect the carcass and meat quality causing
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conditions such as PSE (pale, soft and exudative) or DFD (dark, firm
and dry) as well as meat toughness manifested in the eating quality. If
animals are mishandled pre-slaughter, blood splashes and hemorrhages
can also be observed. While there are existing studies comparing the
effects of non-stunning and stunning on the animal, these studies only
cover red meat and game meat. Studies conducted by Nakyinsige et
al.,8 Verlade et al.9 & Vergara et al.10 on rabbit meat and lamb meat
respectively showed that there were considerable differences in meat
quality between non-stunned and stunned meat. In addition, studies
conducted by Linares et al.,11 Onen C et al.12 & Goksoy et al.,13 on
lamb, cattle and broiler meat respectively also showed differences in
meat quality between the uses of different stunning methods. However,
there are not sufficient studies undertaken on whether there are any
adverse intrinsic and functional effects on broiler carcass and meat
quality between non-stunning and stunning of the animal. In addition
to that, existing studies available on white meat only compare samples
between the uses of different stunning methods. At the same time, the
quality measures were limited to pH, colour, WHC and shear force.
Therefore, more additional parameters could be tested and compared.
As a result, the present study was designed to investigate the effect
of non-stunned and stunned Halal slaughter method on broiler breast
meat quality and covers extended meat quality parameters such as
protein solubility as well as emulsion activity index and emulsion
stability index.

Protein solubility measurements

Materials and method

Water holding capacity: cooking loss

Sample selection
A total of 30 skinless, boneless breast fillets were initially selected
from a local processing plant (Gafoor Poultry, Preston, UK). The
broiler breast samples were divided into two sample groups: 15pieces
of non-stunned halal slaughtered chicken breasts and 15pieces of
stunned halal slaughtered chicken breasts. Chickens (Gallus gallus
domesticus) from both groups received the same diet, were of the
same broiler variety (Ross Cobb 308), kill age (37days before
slaughter), average weight and raised and shackled before Slaughter
in the same environment. In the non-stunned halal slaughter method,
the chickens were humanely slaughtered at the processing plant by
severing the carotid artery, jugular vein, trachea and oesophagus. In
order to carry out the stunned slaughter method, the chickens were
put in an electrical water bath for 5seconds at 0.25A. All the chickens
were subsequently bled out to drain all excess blood from the carcass.
The breast samples were then obtained from both groups and placed
in plastic bags, chilled to≤5°C and transported to Cardiff Metropolitan
University at the same temperature. Five whole chicken breast
samples from each group were kept aside and labeled to be used for
sensory analysis. The remaining ten samples were portioned in half,
individually packed and labeled accordingly, to be used for objective
quality analysis. Half portions of each sample were individually
minced in a Kitchen Aid food processor (Magimix R1 1800) for
1minute. All analyses were carried out on chilled meat samples that
were stored at≤5°C over 12days.

pH measurement
Approximately 2g of minced chicken breast was homogenized with
18mL of distilled water. The pH of the homogenate was determined
using a pH meter (Fisher brand Hydrus 300) upon receiving the
samples (initial pH), day 4 and day 5 of storage.
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Procedures described in Farouk et al.14 were modified and used to
determine protein solubility. To determine total soluble protein, 1g
of minced meat was weighed into a centrifuge tube, 20ml of 1.1M
potassium iodide in 0.1M phosphate buffer (pH7.4) added and the meat
and buffer homogenized manually using a potter homogenizer. The
contents were centrifuged (3500 RCF, 15min) using a Sony Harrier
15/80 MSE and the protein content in the supernatant determined by
the Bradford method.15 To determine soluble sarcoplasmic protein,
a second sample of mince was subjected to the same method of
extraction, using 0.03M phosphate buffer (pH7.4). The soluble
myofibrillar protein was calculated as the difference between total
soluble protein and sarcoplasmic protein. Tests were done for ten
samples each of stunned chicken and non-stunned chicken and the
means expressed as percentage (g/100g) of meat.

Water holding capacity: drip loss
Meat samples were cut from each chicken breast and immediately
weighed. Each sample was wrapped in absorbing paper, placed in a
clear plastic bag and stored in chilled temperatures (1to5degrees). The
samples were then weighed after 1day, 4days and 5days after storage,
in every case the initial weight is used as the reference point. The drip
loss was expressed as a percentage of the initial weight.

Meat samples were cut from each chicken breast and immediately
weighed. The samples were then poached in boiling water and cooked
until the samples have reached a defined internal temperature of
75°C.16 Once this temperature has been reached, the samples were
removed from the boiling water, blotted dry and then weighed. The
cooking loss was expressed as a percentage of the initial sample
weight.

Emulsion activity index and emulsion stability index
Referring to the method described by Chan et al.,17 sarcoplasmic
protein solution was prepared by homogenising 1g of meat with 20ml
of 0.03M phosphate buffer (pH 7.4), Homogenates were centrifuged
using a Sony Harrier 15/80 MSE at 3500 RCF for 15minutes and
filtered through Whatman no. 1 filter paper (Whatman, Kent, UK).
The supernatant obtained after filtration was used as sarcoplasmic
protein solution. Myofibrillar protein solution was prepared after
separation of sarcoplasmic proteins. The sediment was further
homogenized with 20ml of 0.05M phosphate buffer containing
0.55M KI (pH 7.4). Homogenates were centrifuged at 3500 RCF
for 15 minutes and filtered through Whatman no.1 filter paper. The
supernatant obtained after filtration was used as myofibrillar protein
solution. The protein concentration of the supernatants was assessed
using the Bradford method.15 The emulsion activity index (EAI) was
determined according to the modified method described by Chan et
al.17 Known volumes of protein at two different concentrations (1.5mg/
ml and 3mg/ml) were prepared and mixed with sunflower oil in the
ratio of 3:1 by homogenisation. Immediately after homogenisation,
aliquots of 25uL of the emulsion were diluted to 2.5mL with 0.1%
SDS solution. The turbidity of the emulsion was measure at 500nm
using a spectrophotometer (WPA S800 Spectra wave). The EAI was
measured as initial absorbance and was calculated from the equation
as below:
		

EAI
= 2.33 × A
0
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where A0 is the absorbance measured immediately after emulsion
preparation.
The emulsion stability index (ESI) was determined by measuring
the absorbance of the emulsion after 10minutes. The ESI was
calculated from the equation:





 ( A0 − A10 ) 

ESI= 10 × 

		

A0

1). On day 4, the average pH of the non-stunned samples was 6.46
with an average pH rise of 0.16 while the stunned chicken samples
had an average pH of 6.42 with an average pH rise of 0.08. The pH
of both samples continued to rise on day 5 resulting in an average of
pH 6.885 for the non stunned chicken samples and pH 6.901 for the
stunned chicken samples. The pH change between the two, however,
were not significant (p>0.05).
Table 1 Means (±S.D.) of pH levels between non-stunned and stunned
chicken breast

where A10 is the absorbance measured after 10 minutes.

Meat colour
High resolution photographs (captured in RAW format and
converted to DNG) were taken of each whole chicken breast (front
and back) on the day of receiving the samples under neutral lighting
using a Canon SX50. L* (lightness), a* (red colour coordinate) and
b* (yellow colour coordinate) were measured using the Lab colour
profile function in Adobe Photoshop
CS5. C* (Chroma) defined as the square root of (a*2+b*2) was
also calculated.

Meat textural analysis (Shear force)
Meat texture of raw and cooked meat were assessed using the
Warner Bratzler shear test (TA.XT plus Texture Analyzer). Sample
strips were cut with an approximately 100mm2 (10x10) cross section
with the fibre direction parallel direction parallel to a long dimension
of at least 30mm.

Sensory evaluation
Sensory evaluation was conducted in a sensory kitchen following
the standard sensory practices (Cardiff Metropolitan University,
Cardiff, UK). A select panel of 8 panellists, consisting of staff from the
university’s Food Industry Centre (FIC) and final year Food Science
and Technology students were recruited to compare stunned and nonstunned Halal chicken breast in the poached state. The evaluation
session was conducted as an open discussion and judgments’ for each
attribute were recorded as verbal descriptors. For cooked samples,
the colour, odour, tenderness, juiciness and overall acceptability
were evaluated. Whole breast muscles were put into boiling water for
approximately 15 to 20minutes to an internal temperature of 75°C16
a calibrated temperature probe (HygiPlas Catertherm) was used to
monitor end point temperature. Cooked samples were cut into equal
sized cubes and coded numerically. The samples were served to each
of the panellists immediately after preparation. Raw chicken samples
were also assessed on colour and odour. The evaluation recorded from
the panellists unanimously is analysed qualitatively.

Statistical analysis
SPSS (version 20) was used for data analysis. The Mann-Whitney
test was used to test for differences between samples (n=20). In all
cases, P≤0.05 was taken as statistically significant.

Results
pH measurement
The initial pH for both samples was an average of 6.3 for the nonstunned chicken breast and 6.34 for the stunned chicken breast (Table
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Trait

NS

S

P-value

pH initial

6.30±0.14

6.34±0.08

-

pH

day4

6.46±0.21

6.42±0.14

0.353

pHday5

6.89±0.13

6.90±0.10

0.579

Protein solubility
Protein solubility differed significantly across the two groups of
samples (p<0.001) (Table 2). The mean values of total soluble protein
(TSP), sarcoplasmic soluble protein (SSP) and myofibrillar soluble
protein (MSP) for the non-stunned chicken breast samples were 46.7,
30.8 and 15.9g/100g respectively. On the other hand, the mean values
of TSP, SSP and MSP for stunned chicken breast samples are 96.7,
48.4 and 48.3 g/100g respectively.
Table 2 Means (±S.D.) of protein solubility in non-stunned and stunned
chicken breast samples
Trait

NS

S

P-value

Total Soluble Protein

46.7±11.5

96.7±7.4

0.001

Sarcoplasmic Soluble Protein

30.8±5.4

48.4±6.9

0.001

Myofibrillar Soluble Protein

15.9±14.7

48.3±15.1

0.001

Drip loss
On day 1, drip loss was higher in non-stunned chicken breast with
an average percentage loss of 6.9% while the average percentage of
drip loss in stunned chicken breast was 5.0% (Table 3). Drip loss of
stunned chicken breast was higher on day 4 with an average percentage
drip loss of 11.8% while non-stunned chicken breast had an average
drip loss percentage of 11.4%. However, the drip loss between the two
samples were not significant (p>0.05).
Table 3 Means (±S.D.) of water holding capacity (drip loss and cooking loss)
for non-stunned and stunned chicken breast
Traits

Drip Loss (%)

Cooking Loss (%)

NS

S

P-value

Day 1

6.9±6.1

5.0±1.1

-

Day 4

11.4±4.7

11.8± 3.0

0.353

Day 5

15.5±5.3

15.4± 3.3

0.739

36.0±8.0

38.3± 10.3

0.853

Cooking loss
Cooking loss was less in non-stunned chicken breast (36.0%)
compared with stunned chicken breast (38.3%) (Table 3). However,
the cooking losses were not significantly different between the two
samples.
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Emulsion activity index and emulsion stability index
The mean Emulsion Activity Index (EAI) for sarcoplasmic protein
at 1.5mg/ml was observed to be higher in the non-stunned chicken
sample as compared to the stunned chicken sample with means of
0.096 and 0.075 respectively (Table 4). At 3.0mg/ml, the mean EAI
for sarcoplasmic protein was lower in the non-stunned samples.
However, the differences between the samples were not found to be
significant (p>0.05).
The mean EAI for myofibrillar protein at both 1.5mg/ml and 3.0mg/
ml were higher in the non-stunned chicken breast samples with means
of 0.092 for both concentrations as compared to the stunned chicken
breast samples with an EAI mean of 0.059 at 1.5mg/ml and 0.064 at
3.0mg/ml (Table 4). The differences between the two samples were
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reportedly found to be not significant (p>0.05). The mean Emulsion
Stability Index (ESI) (Table 4) below for sarcoplasmic protein at
1.5mg/ml was observed to be higher in stunned chicken sample as
compared to the non-stunned chicken sample with means of 60.7 and
16.2 respectively. At 3.0mg/ml, the mean of ESI for sarcoplasmic
protein was lower in the stunned samples. However, the differences
between the samples were not found to be significant (p>0.05). The
mean ESI for myofibrillar protein at both 1.5mg/ml and 3.0mg/ml
were lower in the non-stunned chicken breast samples with means
of 15.6 and 3.9 respectively (Table 4). The stunned chicken breast
samples had a higher ESI mean of 16.7 at 1.5mg/ml and 8.3 at 3.0mg/
ml. However, the differences between the samples were not reportedly
significant (p>0.05).

Table 4 Means (±S.D.) of emulsion activity index and emulsion stability index of sarcoplasmic and myofibrillar proteins in non-stunned and stunned chicken
breast samples
Emulsion activity index

Emulsion stability index

Sarcoplasmic protein(mg/
ml)

Myofibrillar protein(mg/
ml)

Sarcoplasmic protein(mg/
ml)

Myofibrillar protein(mg/
ml)

1.5

3

1.5

3

1.5

3

1.5

3

NS

0.096±0.052

0.094±0.033

0.092±0.056

0.092±0.056

16.2± 25.6

22.9±26.3

15.6± 13.9

3.9 ±5.6

S

0.075±0.046

0.116±0.078

0.059±0.048

0.064±0.045

60.7± 118.2

9.6±16.7

16.7± 8.5

8.3 ±7.5

P-value

0.353

0.796

0.075

0.247

0.436

0.19

1

0.247

Meat colour
The L* coordinates for the stunned chicken samples were higher
than the non-stunned samples with means of 59.20 and 53.57
respectively (Table 5). However, the a* coordinates were higher for the
non-stunned samples as compared to the stunned samples with means
of 12.83 and 6.10 respectively. The stunned samples had a higher b*
coordinate mean of 7.03 as compared to the non-stunned samples of
3.77. The C* coordinates of the non-stunned samples was higher than
the stunned samples with means of 13.45 and 9.45 respectively. All
values were found to be significantly different between both samples
(p<0.001).

2). However, the difference between the two samples were not
significant (p>0.05).

Sensory evaluation

Colour coordinates

NS

S

P-value

L*

53.57±3.46

59.20±2.63

0.001

In the raw chicken samples, more blood spots were observed
in the non-stunned chicken breasts as compared to the stunned.
A darker colour due to multiple bruising was also observed on the
raw non-stunned chicken samples, whilst the stunned samples were
paler in colour (Figures 3.1) (Figure 3.2) & (Figure 4.1) (Figure 4.2).
On the cooked samples, the stunned chicken breast reportedly had
a stronger and more metallic odour than the non-stunned chicken
breast. Tenderness, flavor and juiciness were more preferable with
the non-stunned chicken breast as it had a sweeter flavor, more moist
and was softer than the stunned chicken breast. Although both were
of acceptable eating quality, the non-stunned chicken breast was
unanimously preferred on overall acceptability. These results correlate
with the objective quantitative texture analysis data (Figure 1).

a*

12.83±2.69

6.10±0.94

0.001

b*

3.77±1.18

7.03±1.82

0.001

Discussion

C*

13.45±2.50

9.45±1.11

0.001

Table 5 Means (±S.D.) of colour coordinate values between non-stunned and
stunned chicken samples

Meat textural analysis
The peak force of the cooked stunned samples was higher than
the cooked non-stunned samples with peak force means of 2929.0g
and 2403.0g respectively (Figure 1). The difference between the two
samples were found to be significant (p<0.003). The peak force of the
raw stunned samples was higher than the raw non-stunned samples
with peak force means of 1853.8g and 1584.7g respectively (Figure

pH measurement
Both sample groups exhibited high ultimate pH (Table 1). Though
there were not any described statistical differences, the higher
pH value in the stunned samples agree with Linares et al.11 and
Nakyinsige et al.,8 findings for lamb and rabbit samples respectively.
Papinaho et al.,18 also found that non-stunned meat had lower pH
values as compared to stunned meat. The ultimate pH of the muscle
tissue is dependent on the degradation of glycogen to lactic acid, i.e.
post mortem glycolysis. The dynamics of lactic acid formation is
closely related to the state of the chicken before slaughter, i.e. whether
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the birds are tired or stressed pre-slaughter.19 The high pH values in
both sample groups indicated that the animals suffered from chronic
stress and used up all their glycogen before slaughter which resulted
in glycogen deficiency in the muscles of the birds.20 This prevented
sufficient lactic acid formation for muscle pH values to reach lower
than 6.0 after slaughter in both sample groups. It is also possible that
the higher value of pH observed in stunned group (Table 1) could
be due to a high level of catecholamine’s which is related to preslaughter fear.21 On the other hand, Lengerken et al.,22 claims that
meat with a high ultimate pH value usually results in the development
of DFD (dark, firm and dry) meat. This also agrees with Mallia et
al.’s research23 which suggests that poultry meat pH 6.3 and higher
can be classified as DFD. However, although both sample groups
fall under the DFD classification based on their high pH values, it
is not sufficient to qualify the chicken breast meat samples as DFD
defective.

Nakyinsige et al.8 & Linares et al.,11 research agrees with this
study’s findings that non-stunned animals exhibit a lower cooking
loss compared to stunned animals. However, Onen C et al.,12 research
found that stunned meat had lower cooking losses as compared to
non-stunned meat which disagrees with this study. Heating muscle
tissue causes denaturation and coagulation of the myofibrillar
proteins which in turn causes the shrinkage of myofilaments and a
tightening of the microstructure of myofibrils which also decreases
the muscle’s water holding capacity as it increases the amount of free
water in the muscle.28,29 Since there was a higher amount of soluble
myofibrillar proteins in the stunned samples, there was also more
protein denaturation caused by heat from cooking which resulted in
the stunned samples exhibiting a higher cook loss as compared to the
non-stunned samples (Table 3).

Protein solubility

There were no statistical differences observed between the two
samples groups for EAI and ESI (Table 4). The EAI measures the
ability of proteins to rapidly adsorb at the water-oil interface during
the formation of an emulsion to prevent flocculation and coalescence
while the ESI measures the rate of decrease of emulsion turbidity
resulting from droplet coalescence and creaming, which leads to
emulsion destabilization.17 Both EAI and ESI increase when proteins
favour emulsion formation and stabilization respectively.30 However,
in this study, even though the stunned sample group exhibited
significantly higher protein solubility, it was not reflected in the
results for EAI and ESI. A possible reason for this could be due to the
fact that broiler breast meat is very lean and does that have sufficient
fat particles in its composition to entrap any soluble proteins in the
samples. In future studies, the EAI and ESI could be measured at
different storage times. Although there have not been any comparative
studies done with EAI and ESI on non-stunned and stunned meat, Chan
et al.17 conducted a study on the EAI and ESI values of frozen turkey
breast meat with different ultimate pH. The findings reported that the
EAI of sarcoplasmic proteins at 1.5 and 3.0mg/ml were significantly
higher in the high pH meat samples as compared to the low pH meat
samples while there was no significant difference reported with
myofibrillar proteins. In the case of ESI, no significant difference was
reported for sarcoplasmic proteins at 1.5mg/ml and 3.0mg/ml protein
concentration. No significant difference was observed for the ESI of
myofibrillar proteins.

The stunned sample group had significantly higher protein
solubility than the non-stunned group (Table 2). pH and temperature
are two factors that can affect protein solubility in meat. According
to Joo et al.24 and Warner et al.,25 muscles with a lower pH and
higher temperature are more susceptible to a higher extent of protein
denaturation than muscles with a higher pH and lower temperature.
As the non-stunned sample group had a lower pH, it is possible that it
had undergone greater protein denaturation than the stunned sample
group (Table 2). In order to confirm this correlation, temperatures
of the muscles could be measured in future studies. Although there
have not been any comparative studies carried out on between the
two groups, Joo et al.,24 investigated the protein solubility between the
different quality classes of pork, namely PSE (pale, soft, exudative),
RSE (reddish-pink, soft, exudative), RFN (reddish-pink, firm, nonexudative) and DFD (dark, firm, dry). It was found that the PSE
samples exhibited significantly lower protein solubility (sarcoplasmic,
myofibrillar and total) compared to the other quality classes. The
study also showed that the RSE samples exhibited significantly lower
sarcoplasmic protein solubility compared to DFD samples and that
RSE, RFN and DFD samples has similar myofibrillar and total protein
solubilities. Warner et al.,25 also found protein solubility in pork to
be lower in PSE samples while RSE samples had similar protein
solubility to RFN. The study also found that RSE had lower values
than DFD samples for protein solubility.

Water holding capacity (drip loss and cooking loss)
Both sample groups did not exhibit differences in drip loss (Table
3). Similar research supports this study’s findings Nakyinsige et al.8 &
Vergara et al.,26 studies on rabbits and lambs respectively showed that
the drip loss between the stunned and non-stunned samples did not
differ. Furthermore, Verlade et al.,9 study did not show any difference
between chilling loss of stunned and non-stunned lambs.
Much of the water inside living muscle cells is located within the
myofibril. Myofibrillar proteins in meat are said to have an isoelectric
point of approximately pH 5.4. As myofibrillar proteins reach further
away from their isoelectric points, the ability to bind water changes.27
Therefore, the similar drip loss values in both sample groups
correspond to both sample groups having similar pH values. Although
not statistically significant, the stunned sample group exhibited a
higher cooking loss (Table 3).

Emulsion activity index and emulsion stability index

Meat colour
The stunned sample group exhibited higher L* and b* values
while the non-stunned sample group exhibited higher a* and C*
values (Table 5). This agreed with Nakyinsige et al.,8 who reported
that stunned rabbits showed significantly greater L* and b* values on
day 1 as compared to non-stunned rabbit meat. The overall findings
of the research concluded that non-stunned meat was darker than
meat from the stunned group. Linares et al.11 also reported that nonstunned meat was found to be darker than stunned meat. Research has
attributed the high L* coordinate value as exhibited by the stunned
samples (Table 5) to the possible high level of stress hormones7 the
high a* values in the non-stunned meat is due to its bruising and blood
spots (Figures 1) & (Figure 2). Hui & Sherkat31 claimed that handling
of birds during the ante mortem stage can cause stress in the animals.
At the time of slaughter, the stress caused the venous and arterial
systems to transmit severe pressure to the capillary system causing
blood splashes and haemorrhages,32 (Figures 3.1) & (Figure 3.2). In
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pre-slaughter stress which resulted in a higher calpain activity in the
said sample group. Further work could be done in future studies to
link stress to calpain activity.

Figure 3.1 Halal non-stunned broiler breast (front). The meat appears dark
and purplish due to bruising.

Figure 1 The mean deformation curves of the warner bratzler shear force
(g) against time (s) for cooked samples of stunned and non-stunned chicken
breast samples.

Figure 3.2 Halal non-stunned broiler breast (back). More bruising can be
observed. Some blood spots are also evident.

Figure 2 The mean deformation curves of the warner bratzler shear force (g)
against time (s) for raw samples of stunned and non-stunned chicken breast
samples.

Meat textural analysis (shear force)

Figure 4.1 Halal stunned broiler breast (front). The meat appears paler and
no bruising is observed.

The non-stunned sample group exhibited lower shear force (greater
tenderness) than stunned meat (Figures 1) & (figure 2). Agbeniga
et al.33 & Mast et al.,34 findings agreed with this study. However,
Nakyinsige et al.8 & Linares et al.11 observed no significant differences
between stunned and non-stunned meat. In addition to that, Vergara et
al.10 & OnenC et al.,12 reported that stunned meat was tendered than
non-stunned meat. During post mortem proteolysis, the intracellular
concentration of Ca2+ ions increases and stimulate the release of
calpains I and II (calcium-activated enzymes) which are responsible
for attacking bonds in the contractile proteins. This then loosens the
structure of the muscle non-enzymically leading to tenderization.35
According to Gregory et al.,36 stressing an animal for hours before it
is killed can make its meat tenderer. Therefore, the higher tenderness
observed in the non-stunned samples could be a result of long term

Figure 4.2 Halal non-stunned broiler breast (back). No evident blood spots
observed.
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Sensory evaluation
The non-stunned sample group had a greater overall acceptability
(Appendix 1). This disagreed with OnenC and Kaya’s11 sensory
evaluation where steaks derived from stunned animals were more
acceptable overall than non-stunned derived steaks. Flavour is the
attribute said to be the most affected quality parameter associated with
the improper bleeding with the development of a gamey flavour due to
the residual blood remaining in the muscles.31 Therefore, the metallic
odour picked up in the stunned meat could be due to this. Further
research to affirm these findings could be done with a trained panel
using a scoring method with a bigger sample group.

Conclusion
This study showed that the non-stunning and stunning methods of
Halal slaughter impact a number of quality attributes as indicated by
the objective measures obtained. Though both sample groups showed
evidence of pre-slaughter stress, e.g., high pH ultimate; and bruising
and blood spots, it is not evident which sample group had undergone
the greater stress. The non-stunned sample group exhibited high a*
values correlating with less acceptable meat colour as indicated by
informal sensory analysis. However, the same sample group of broiler
breast meat also exhibited significantly greater tenderness (lower
shear force) which resulted in the non-stunned Halal slaughtered
meat having a more acceptable textural quality. The study indicates
the importance of understanding pre-slaughter processes in delivering
acceptable quality attributes to the consumer. Further work needs to be
carried out to link stress status with objective quality measurements.
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