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Abstract In this study, the relationship between various
kinds of poultry meat (quail, partridge, chicken and tur-
key) on pH, emulsification capacity, water-holding ca-
pacity and cooking loss was investigated. The effect of
rigor state on pH, emulsification capacity, water-holding
capacity and cooking loss was also determined. To in-
vestigate these parameters, immediately after slaughter
and deboning, meat parts were submitted to both pre- and
post-rigor analyses. The results indicated that the emul-
sification capacity of quail and chicken meat was higher
than the values for partridge and turkey meat. Quail meat
showed the highest water-holding capacity value in the
post-rigor stage. The lowest cooking loss value was found
in partridge meat, in both pre- and post-rigor stages. The
state of rigor had a significant (P<0.05; P�0.01) effect on
pH and cooking loss values, respectively.
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Introduction

Determination of emulsification capacity (EC), water-
holding capacity (WHC) and cooking loss (CL) of various
kinds of meat is very important for fresh meat and further-
processed products. In both cases, high yield and low
cooking losses are desired. Consumers discriminate
against packages of fresh meat showing free fluid sur-
rounding the products and also against further-processed
products showing exudate in the package [1]. In order to
avoid these troubles, it is essential to know the parameters
mentioned. However, the literature lacks adequate infor-

mation on some of these parameters, e.g., EC and WHC
of muscle from partridge, quail and turkey [2].

Meat emulsion systems have been studied to test
physical, chemical and technological properties of the
proteins. Such studies often lead to different conclusions
and also have different alternative processing methods [3–
6]. However, some emulsion studies have been conducted
employing model systems, in addition to commercial
meat systems, to test and compare emulsion properties of
food proteins [7–9]. Model system studies have often
been preferred because they are convenient, economical,
require minimum time and are reproducible [10–14].

WHC is known to be one of the major quality char-
acteristics of fresh meat, as it affects some major char-
acteristics of the cooked meat such as potential drip loss,
technological quality, appearance and sensory properties
[15]. These quality characteristics are especially impor-
tant in comminuted meats such as sausages [16]. Low
WHC of meat is undesirable for both retail consumption
and manufacturing [17]. High WHC is desired both by
industry and by consumers [18, 19]. A useful way to
determine quality changes in the post-rigor stage is to
measure the WHC of muscles [20].

Exudation is an important quality parameter for the
meat industry. Factors involving the degree of commi-
nution, mechanical working and the quantity of NaCl can
be used to help in the control of exudation levels. Dif-
ferences between meat from the same species and even
the same cut can affect exudation. [17].

Cooking of pre-rigor meat inactivates the glycolytic
enzymes and fixes the pH. Rapid freezing of meat leads to
‘thaw rigor’ on defrosting [17].

CL is a very important factor for meat processors, as it
directly affects eating quality and determines profitability
[21]. CL is also affected by pH values of meat species and
a high pH in muscle will improve the CL value [16].

The goal of the present study was to investigate the
differences between various kinds of poultry meats with
respect to pH, EC, WHC and CL parameters and to de-
termine the effect of rigor state and meat types on these
same parameters.
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Materials and methods

Materials

Four species of poultry (partridge, quail, chicken and turkey) were
procured from the Animal Feeding Unit of the Department of
Animal Science in Agriculture Faculty, Selcuk University (Konya,
Turkey). Three animals of each species (12 carcasses in total) were
slaughtered. After deboning, meat parts were separately ground
through a 3.0-mm plate. Then, ground meats were separately mixed
with a mixer for 3 min in order to acquire homogenous batches.
These batches were pooled by replication (n=6), and placed in low-
density polyethylene tubes to conduct pre- and post-rigor analyses.
Pre-rigor analyses were conducted less than 90 min after the
slaughtering and deboning processes. The remaining meat batches
were held for 24 h at 2 �C for post-rigor analyses [22].

Proximate analyses and pH

Analyses of moisture, protein (Kjeldahl) and fat (ether extraction)
were determined according to the methods of the AOAC [23]. For
pH determination, the sample (10 g) was homogenized in 100 ml of
distilled water. The pH was measured with a pH meter [24].

Emulsification capacity

The EC was determined by using a model system described by
Ockerman [24]. The end point was determined as described by
Webb et al. [7]. A solution of NaCl (2.5%) and K2HPO4 (0.25%) in
water was prepared. To measure EC, 25 g of meat sample and
100 ml of cold (2€2 �C) salt–phosphate solution (SPS) were placed
into a blender jar and comminuted for 2 min at 13,000 rpm. The
slurry obtained (12.5 g) and 37.5 ml of additional SPS were
transferred to another blender jar and homogenized for 10 s at low
speed (5,000 rpm). Then, 50 ml of corn oil was added. To detect the
break point of the emulsions, electrodes were connected to an
ohmmeter with a millivolt recorder. Oil was added at a speed of
1.0 ml s�1. The blender rate during emulsifying was 13,000 rpm.
The water-jacketed burette containing the oil was maintained at
11 �C. The emulsion break point was detected when the ohmmeter
showed a sudden increase in resistance. At the break point, oil
addition was stopped. The total amount of emulsified oil was
measured and calculated by considering 50 ml of oil was initially
added. EC was calculated as milliliters of oil per gram of protein
after protein (Kjeldahl) contents of the meat samples had been
determined [24].

Water-holding capacity

The method reported by Wardlaw et al. [25] was used to determine
the WHC of meat batches. A meat sample (8 g) and 12 ml 0.6 M
NaCl solution were put into a tube. The tubes were placed into a
water bath (5 �C) for 15 min, and the tubes were centrifuged (4 �C)
at 10,000 rpm for 15 min. The supernatant was obtained to deter-
mine the WHC (percent) of the meat batches.

Cooking loss

The meat sample (20 g) was placed in a polyethylene bag and
heated in a water bath at 80 �C to achieve an internal temperature of
72 �C. During cooking, the temperatures at the center of the meat
samples were monitored with a glass thermometer inserted into the
center of the sample. The drip was drained from the sample. The
cooked mass was cooled and subsequently weighted to determine
weight loss [26].

Statistical analysis

The poultry meat samples were analyzed in both the pre-rigor and
the post-rigor stages. The data were tested using one-way ANOVA
as four meat kinds times three batches of each meat kind times two
replicates with 23 degrees of freedom [27]. Significant treatment
means were further analyzed using Duncan’s multiple range test
option [28]. A t-test was used to determine the effect of rigor state
on poultry meat types for pH, EC, WHC and CL [27].

Results and discussion

Proximate analyses

The results shown in Table 1 demonstrate a significant
(P<0.05) difference in proximate analyses of meat types
with respect to fat values, moisture and protein. The re-
sults were similar to USDA results [29].

pH

The differences in pH between kinds of meat and pre- and
post-rigor stages are shown in Table 2. Significant
(P<0.05) differences were found with respect to pH in
pre- and post-rigor stages. The quail meat had the highest
pH value in both pre- and post-rigor stages. The pH value
of turkey meat was the lowest in the post-rigor stage. It is
also clear from Table 2 that the rigor state of poultry
meats had a significant (P<0.05; P<0.01) effect on the pH
value. This could be due to the glycolysis.

Emulsification capacity

There was a significant (P<0.05) difference with respect
to EC values in pre- and post-rigor stages. The EC values
for quail and chicken meat were higher than the values for
partridge and turkey meat in both pre- and post-rigor
stages (Table 2). These results were consistent with the
information reported by Cheftel et al. [30], who stated
that pH was one of the most important parameters to
affect emulsion characteristics. Therefore, decreasing pH
values in the post-rigor stage cause proteins to approach
the isoelectric point where proteins show the lowest EC
[31]. From this point, the high pH values of quail and
chicken meats in the post-rigor stage could explain their
higher EC values. Table 2 shows that, in relation to the

Table 1 Proximate analyses results of poultry meats. The values
are means of two observations per treatment and their pooled
standard deviation (SD).

Analyses Species

Partridge Quail Chicken Turkey

Moisture (%) 72.9€0.3 74.0€0.8 71.0€1.1 69.3€3.3
Protein (%) 21.8€0.0 21.1€1.6 19.6€0.4 20.6€0.2
Fat (%)a 3.3€0.7 2.2€0.0 5.6€1.3 6.6€1.6
a Significance using F test (P<0.05)
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rigor state, only partridge meat shows a significant
(P<0.01) difference in EC value. These results are spe-
cific and informative because, as stated previously, little
information is available on the EC of muscle from par-
tridge, quail and turkey [2].

Water-holding capacity

As seen in Table 2, there was a significant (P<0.05)
difference between meat types with respect to the WHC
values in the post-rigor stage only. The influence of pH on
WHC has been demonstrated by Warriss et al. [32]. The
pH value of quail meat was the highest; therefore, the
highest WHC value of quail meat in the post-rigor stage
was attributed to its higher pH value when compared with
the other meat types. The results were also in accordance
with the results from an investigation performed on the
myofibrillar system [33], where it was reported that the
WHC is at a minimum at the isoelectric point, where the
net charge of myosin and actomyosin are at a minimum.
There was no effect on WHC of the rigor state for meat
types (Table 2). This result did not agree with the infor-
mation given by Offer and Knight [34], who have re-
ported that post-rigor stages caused a decrease in muscle
WHC. The discrepancy in the results may be attributed to
the occurrence of proteolysis of meat samples at 24 h at
2 �C for post-rigor analyses. Thus, our results agree with
the results of Kristensen and Purslow [35], who have re-
cently shown that the WHC of pork meat first decreased
and then increased during cold storage (24 h at 2 �C).

Cooking loss

It was found that there was a significant (P<0.05) dif-
ference between poultry meat types (Table 2). The par-
tridge meat had the lowest CL value in both pre-rigor and
post-rigor stages. Turkey meat had the highest CL value
in the post-rigor stage. The rigor state of poultry meat
types had a significant (P�0.01) effect on CL values.
Accordingly, the CL value of each meat type in the post-
rigor stage was higher than the CL value of each kind of
meat in the pre-rigor stage. According to Lawrie [16], a
pH fall will increase the CL. Hence, these results could be

explained by lower pH levels of meat types in the post-
rigor stage.

Conclusion

Quail and chicken meats show a higher EC compared
with that of partridge and turkey meats in both pre- and
post-rigor stages. Quail meat has the highest WHC value
in the post-rigor stage. The use of quail and chicken meats
should result in considerable advantages in the production
of further-processed products, especially in the production
of emulsion-type meat products. Partridge meat has the
lowest CL value in both pre-rigor and post-rigor stages.
This property makes it appropriate for use in meat prod-
ucts. Poultry meats in the pre-rigor stage are recom-
mended, with respect to CL, for meat products that are to
be processed further.
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