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Abstract This study examined variations in postmortem meat quality characteristics and consumer sensory evaluations of
different pork quality classes in fresh and cooked meat. Pale, soft, and exudative (PSE) meat had the highest drip loss,
lightness, and the lowest pH24 hr whereas dark, firm, and dry (DFD) meat showed the opposite results. When the fresh meat
was evaluated by consumer panelists, they could only distinguish the PSE class of meat and it scored lowest in overall
acceptability. However, the panelists did not consider cooked PSE or DFD pork to be unacceptable overall, indicating that
consumers cannot distinguish the quality of cooked pork.
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Introduction

Despite a great deal of effort to reduce unacceptable meat,
it remains a significant issue for the meat industry. Pale,
soft, and exudative (PSE) meat results from extremely fast
glycolysis during the early postmortem period and causes
a rapid decline in muscle pH and a high carcass
temperature due to the rapid production and accumulation
of lactate (1-4). The combination of low muscle pH and
high carcass temperature leads to poor postmortem pork
quality with increased light reflectance and decreased
water holding capacity (WHC) and in the end, a paler
surface and higher drip loss as compared to normal meat
(5). In contrast, dark, firm, and dry (DFD) meat occurs
when muscle glycogen is depleted as a result of preslaughter
chronic stress and, consequently, reduced lactate formation
(6). Consequently, DFD meat has abnormally high pH, an
undesirable dark color, as well as a susceptibility to
spoilage (7). Therefore, such characteristics of PSE and
DFD meat are unattractive and discriminated against by
consumers when they purchase fresh meat via visual
appearance.

Meat quality can be defined as a combination of various
properties of fresh and processed meat. These properties
include sensory and technical characteristics, such as color,
WHC, cooking losses, and texture (8). Among the sensory
characteristics, eating quality, which refers to the flavor,
tenderness, and juiciness of meat, has long been regarded
as the most critical characteristic because it influences
repeat purchases (9). The sensory characteristics of pork
can be affected by many factors such as breed, carcass
weight, gender, diet, genetic variation, biochemical changes
that occur during further processing, slaughtering and
cooling routines, maturation, and cooking methods (10-

14). Therefore, postmortem pork quality characteristics
affect the final eating quality of the cooked meat (11).

Although several studies have investigated the effects of
postmortem meat quality, particularly the PSE condition,
on the eating quality of pork, the results remain controversial.
Studies show there are no significant differences in eating
quality among different pork quality classes (14-16).
However, Livisay et al. (7), Topel et al. (16), Kauffman et
al. (18), and Warriss et al. (19) showed that consumer
panelists scored PSE chops significantly lower in
palatability than red, firm, and non-exudative (RFN) or
DFD meat. Moreover, Franck et al. (20) reported that the
cooked pork meat sector is severely handicapped by major
quality defects due to PSE. Whether eating quality is
affected by the quality status of meat, namely meat of good
quality or with abnormal characteristics, is still unclear.
Therefore, the objective of this study was to measure the
variations in postmortem meat quality characteristics and
evaluate consumer sensory appeal for fresh and cooked
meat of different pork quality classes.

Materials and Methods

Animals and muscle samples A total of 113 commercial
crossbred pigs were used in this study. The treatment
conditions were the same for the animals before and after
slaughter (such as the feeding system and environmental
conditions). The pigs were slaughtered during the winter
period using electrical stunning. The abattoir used the
traditional scald-singe process. At 45 min postmortem, a
total of 113 samples were taken from the longissimus dorsi
muscles at the 8th thoracic vertebra to analyze muscle pH
at 45 min (pH45 min) postmortem. After 24 hr of chilling, the
pork loins (9-13th thoracic vertebra) were collected to
analyze the meat quality characteristics and sensory traits
of the fresh meat. Sample for the cooked meat sensory
evaluation were frozen and stored at −20oC (21).

Meat quality measurements All experiments for evaluating
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meat quality were done in 3 times, and the average of
triplicate measurements was recorded. The muscle pH45 min

and pH24 hr of postmortem samples were measured directly
using a spear-type pH meter (IQ150; IQ Instrument, San
Diego, CA, USA). The meat color was assessed at 24 hr
postmortem using a Minolta chromameter (CR-300; Minolta
Camera Co., Osaka, Japan) after exposing the meat surface
to the air for 30 min at 4oC. The results are expressed as
Commission International de l’Eclairage (CIE) lightness
(L*), redness (a*), and yellowness (b*) values. The drip
loss was measured in accordance with the method
described by Honikel (22). The muscle samples were
classified based on drip loss and lightness into 4 classes
(23):

Pale, soft, and exudative (PSE): drip loss>6.0%, L*>50
Reddish-pink, soft, and exudative (RSE): drip loss>
6.0%, L*≤50
Reddish-pink, firm, and non-exudative (RFN): drip loss
6.0%, L*≤50
Dark, firm, and dry (DFD): drip loss<2.0%, L*<43.

Filter-paper fluid uptake (FFU) was also measured
according to the method of Kauffman et al. (24). Pork
samples from each classification were cooked to a final core
temperature of 71oC, and cooking losses were estimated by
weighing the samples before and after cooking (25).
Warner-Bratzler shear force (WBS), an indicator of meat
tenderness, was determined using an Instron Universal
Testing Machine (Model 1011; Instron Corp., Norwood,
MA, USA) equipped with a Warner-Bratzler shearing device.
Six cores (1.27 cm diameters), parallel to the longitudinal
orientation of the muscle fibers, were taken from each
steak. The samples were sheared perpendicular to the long
axis of the cores. Protein solubility was measured as an
indicator of the level of protein denaturation, and measured
in accordance with the method described by Joo et al. (23).

Consumer sensory evaluation A total of 48 pork eating
consumers (20-40 ages, 22 females and 26 males) were
used, consisting mainly of student and staff members from
Korea University, to evaluate sensory quality of a total of
113 pork samples. The sensory evaluation consisted of 2
sessions: one to visually evaluate the attributes of the fresh
pork, and a second to evaluate all of the sensory attributes
of the cooked pork. The samples were labeled with
individual 3-digit random numbers and served one at a
time in random order. The panelists used 9-point scales
with word anchors at the extreme ends (27), with the
exception of the National Pork Producers Council (NPPC)
color and marbling scores (28). The fresh-pork sensory
traits were assessed 24 hr postmortem after the samples (28
mm thick) were exposed to air for 30 min at 4oC to allow
for complete bloom prior to being presented to the
panelists. Subjective measures for color (1=pale pinkish-
gray to white; 6=dark purplish-red) and marbling [1=1.0%
intramuscular fat (IMF); 10=10% IMF] were evaluated
according to NPPC (27). The panelists also visually
evaluated moisture (1=very dry; 9=very moist) as well as
the color, appearance, and overall acceptability (1=very
unacceptable; 9=very acceptable) of the fresh pork.

Samples for the cooked meat sensory evaluation were
thawed overnight at 4oC and cut into segments approximately

25 mm thick. The steaks were roasted in an oven
(MCS312CF4; Electrolux, Stockholm, Sweden) at 180oC,
turned every 3 min, and cooked to an internal temperature
of 71.1oC, which was measured using a thermometer with
a handheld probe (TES-1300; TES Electrical Electronic
Co., Taipei, Taiwan). The cooked steaks were cut into
10×10×25 mm3 pieces, placed on a white plastic tray
covered with aluminum foil, and served immediately to
each panelist. The cooked samples were evaluated for color
(1=very unacceptable; 9=very acceptable), appearance
(1=very unacceptable; 9=very acceptable), flavor (1=very
unacceptable; 9=very acceptable), taste (1=very unacceptable;
9=very acceptable), juiciness (1=very dry; 9=very juicy),
tenderness (1=very tough; 9=very tender), and overall
acceptability (1=very unacceptable; 9=very acceptable).

Statistical analysis The data were classified into 4
groups (PSE, n=36; RSE, n=24; RFN, n=43; DFD, n=10)
based on drip loss and lightness. After classification, the
general linear model (GLM) procedure (29) was performed
to identify the association between groups and traits using
SAS software (Cary, NC, USA). For the consumer sensory
evaluation, the model was: yijk=µ+Ti+Sj+Ak+eijk, where
yijk is the observation; µ is the general mean; Ti is the fixed
effect of the quality class i; Sj is the fixed effect of sex j;
Ak is the fixed effect of age k; and eijk is the random error.
When significant differences were detected, the mean values
were separated by the probability difference (PDIFF)
option. The results are presented as least-squares means for
each group, together with the standard errors.

Results and Discussion

Postmortem meat quality characteristics The significantly
different meat quality traits and protein solubility among
the pork quality classes were shown in Table 1. The PSE
group had the significantly lowest muscle pH45 min

(p<0.001) and a significantly lower muscle pH24 hr than the
RFN or DFD groups (5.63 vs. 5.71 vs. 5.93, respectively,
p<0.001). The DFD group had the darkest surface, lowest
drip loss, and FFU; whereas the PSE group had the lightest
surface, highest drip loss, and the most exudate on filter
paper (p<0.001). The RFN and RSE groups had similar
lightness characteristics, but they were significant
differences in drip loss (4.11 vs. 7.13%, p<0.001) and FFU
(29.86 vs. 37.12 mg, p<0.001). These results implied that
the RSE group had weaker WHC than the RFN group.

The high rate of pH decline and/or a low ultimate pH result
in muscle protein denaturation (30) which has a major
impact on meat quality parameters, such as meat color and
WHC (4). The total and myofibrillar protein solubility of
the PSE group was the lowest among the meat quality
classes and that of the DFD group showed the opposite
tendency (p<0.001). Sarcoplasmic protein solubility of the
PSE group was significantly lower than the other groups
(p<0.001), but there were no significant differences
between the RSE and the DFD groups. These results imply
that the PSE group had a high level of protein denaturation
due to the rate and extent of glycolysis, which lead to a
tendency for pale color and diminished WHC.

Consumer sensory evaluations for fresh meat The PSE
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pork received the lowest NPPC color score (p<0.001),
whereas the DFD pork received the highest rating as was
expected from the results for lightness (Table 2). Color is
one of the most important meat characteristic for consumers
because it influences their perception of the appearance
and attractiveness of pork (31). Other studies have shown
significantly lower subjective color scores for PSE pork
(32,33), and those for DFD pork as higher than those of
acceptable pork (34). According to Flores et al. (11), there
was no difference among PSE, RFN, and DFD pork for
IMF. However, in this study, NPPC marbling scores were
lowest in the PSE pork and highest in the DFD pork
(p<0.001). Candek-Potokar et al. (33) also observed that
subjective marbling scores were lower in PSE meat, likely
because its paleness may have indicated to consumers that
the lean portions were fat; however, the DFD meat showed
the opposite effect.

The PSE pork was judged as significantly more moisture
than the other pork quality classes (p<0.001), and these
results corresponded to those of the objective measures for
moisture such as FFU and drip loss. The WHC of pork is
influenced by many factors. Specifically, myosin denaturation
may cause unacceptable exudation in terms of drip loss in
PSE pork (35). Thus, fresh PSE muscle has a lower

percentage of bound water than normal muscle (34). The
color acceptability scores of the PSE and DFD pork were
significantly lower than those of the RSE and RFN pork
(p<0.001). This is consistent with the results of Fox et al.
(32) who reported that PSE meat showed lower color
acceptability than normal meat and Viljoen et al. (6) who
found that DFD meat scored lower than acceptable meat.
Although the colors of both the PSE and DFD pork were
undesirable, the panel regarded the DFD pork as
significantly more acceptable (p<0.001), and the RFN and
DFD pork ranked higher than the PSE and RSE pork for
acceptability of appearance (p<0.001). This result suggests
that consumers find excessive exudation unacceptable.

O’Neill et al. (36) reported that pale-colored pork that
exudes juices into the package and is unable to maintain a
proper shape is unattractive to consumers. Also, it was
concluded that consumers prefer marbled to unmarbled
pork (37). Our results corresponded with these findings as
the PSE class was significantly the least acceptable pork
quality class (16,37). Topel et al. (16) found that normal
pork was preferred over both PSE and DFD pork, but we
found no significant differences between RFN and DFD
pork. Therefore it is unknown whether PSE is a key
consumer determinant of fresh pork sensory quality.

Table 1. Comparison of meat quality measurements for different pork quality classes

Pork quality class1)
Levels of

significance2)
PSE RSE RFN DFD

Meat quality traits

Muscle pH45 min 05.96c (0.03)3) 006.13b (0.04) 006.19b (0.03) 006.42a (0.06) ***

Muscle pH24 hr 05.63c (0.02) 005.64c (0.07) 005.71b (0.01) 005.93a (0.03) ***

Lightness (L*) 53.41a (0.35) 047.92b (0.43) 047.48b (0.32) 041.28c (0.63) ***

Redness (a*) 06.81b (0.20) 006.48b (0.24) 006.62b (0.18) 008.04a (0.36) ***

Yellowness (b*) 03.71a (0.14) 002.65b (0.17) 002.56b (0.13) 001.75c (0.25) ***

Drip loss (%) 07.85a (0.21) 007.13b (0.26) 004.11c (0.19) 001.17d (0.38) ***

Filter-paper fluid uptake (mg) 45.42a (1.90) 037.21b (2.32) 029.86c (1.73) 014.48d (3.43) ***

Protein solubility (mg/g)

Total protein 155.6c (3.06) 180.8b (3.75) 179.5b (2.80) 214.0a (5.54) ***

Myofibrillar protein 92.63c (3.21) 108.9b (3.93) 109.7b (2.94) 136.5a (5.80) ***

Sarcoplasmic protein 62.93b (2.17) 071.90a (2.66) 069.74a (1.99) 077.48a (3.93) ***

1)PSE: pale, soft, and exudative; RSE: red, soft, and exudative; RFN: red, firm, and non-exudative; DFD: dark, firm, and dry.
2)***p<0.001.
3)Standard error of least-square means; a-d Least-square means with different superscripts in the same row differ significantly (p<0.05).

Table 2. Comparison of fresh meat sensory traits for different pork quality classes

Pork quality class1)
Levels of

significance2)
PSE RSE RFN DFD

NPPC3) color score 1.86c (0.08)4) 2.38b (0.10) 2.40b (0.07) 4.02a (0.15) ***

NPPC marbling score 1.47c (0.10) 1.88b (0.12) 1.98b (0.09) 2.66a (0.18) ***

Moisture 6.23a (0.10) 5.78b (0.28) 5.41c (0.09) 5.70bc (0.07) ***

Color 4.66c (0.15) 6.07a (0.18) 6.16a (0.13) 5.50b (0.26) ***

Appearance 5.03b (0.12) 5.62b (0.14) 6.05a (0.11) 6.02a (0.21) ***

Overall acceptability 4.72b (0.14) 5.78a (0.17) 6.02a (0.13) 5.51a (0.25) ***

1)PSE: pale, soft, and exudative; RSE: red, soft, and exudative; RFN: red, firm, and non-exudative; DFD: dark, firm, and dry.
2)*** p<0.001.
3)National Pork Producers Council.
4)Standard error of least-square means; a-c Least-square means with different superscripts in the same row differ significantly (p<0.05). 
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Consumer sensory evaluation of cooked meat The
sensory attributes of the cooked pork are presented
according to meat quality class in Table 3. In contrast to the
sensory evaluation results for the fresh pork (Table 2), the
cooked DFD pork was significantly more unacceptable
than any of the other pork quality classes in terms of color
(p<0.001) and appearance (p<0.01). Norman et al. (38)
reported that pork samples with lower NPPC color scores
were perceived to be brighter. However, color acceptability
was not significantly different between the PSE, RSE, and
RFN pork in our study.

The PSE and DFD pork scored significantly lower in
terms of flavor acceptability than the RFN pork (p<0.001);
however, there was no significant difference between the
PSE and DFD pork. This is consistent with results by
Topel et al. (16) who reported that normal pork scored
higher in flavor. However, Bennett et al. (34), as well as
Searcy et al. (15), found no significant differences in flavor
among PSE, DFD, and normal pork; and DFD pork had
better flavor than PSE pork in a study by Kauffman et al.
(18). The taste acceptability scores were also not significantly
different among the different pork quality classes. This is in
agreement with others (6,17,39), but in disagreement with
low WHC scored low in taste (15).

Because of capillary force, it is difficult for water to
remain entrapped within protein structures, so cooking loss
is presumed to be generated by protein denaturation during
cooking (40). According to Huff-Lonergan et al. (41),
cooking losses correlate to juiciness, which is a major
factor in terms of meat preference (40). However, we
found no differences in juiciness among the pork quality
classes, although significant differences were observed for
cooking loss (p<0.01) (Table 3). These results agree with
other studies (11,15,16), but disagree with those presented
PSE pork as having the lowest level of juiciness and DFD
pork as being the juiciest (18,34).

Among sensory quality traits, tenderness is considered
the most crucial factor determining overall meat acceptability
(9). According to Flores et al. (11), tenderness depends on
the degree of proteolytic breakdown within myofibrillar

proteins as well as on the concentration of marbling.
Numerous studies (16,32) indicate there are large variations
in tenderness among the different pork quality classes.
Some researchers found that PSE pork was more tender
than normal or DFD pork (34), and Livisay et al. (7)
reported that both PSE and DFD pork scored higher in
tenderness than normal pork. In contrast, PSE pork was
judged as less tender than normal and DFD pork (16), and
DFD pork was tender than RFN (14) or PSE pork (18).
However, our panel found no differences in tenderness
among the pork classes although the WBS values of the
DFD class were significantly higher than those of the other
classes (p<0.001) (Table 3), thus supporting the findings
of Searcy et al. (15) and Toldra and Flores (17).

The overall acceptability of cooked pork is evaluated by
considering all sensory quality attributes, and Maltin et al.
(9) reported that tenderness, flavor, and juiciness are
regarded as the 3 most important traits in determining the
eating quality of meat. In the current study, no significant
differences were found in tenderness and juiciness. The
overall acceptability of the pork quality classes did not
significantly differ in the current study and this finding
agrees with the conclusions of Toldra and Flores (17).

In conclusion, consumers could only distinguish the fresh
PSE class and it was scored the lowest in overall
acceptability. In terms of cooked meat, consumers were not
able to perceive PSE or DFD pork when making their
overall decision for acceptability. These results suggest that
the consumer cannot distinguish the quality of cooked
pork.
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