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Abstract — The influence of processing site, carcase
weight, hanging method and ageing period on eating
quality attributes of pork was investigated in this
study. A total of 144 Large White x Landrace
female pigs from two carcase weight groups (60 kg
and 80 kg) were slaughtered at one of three
processors on the same two slaughter days, split and
hung from either the Achilles tendon or the
aitchbone on the slaughter floor. The M.
longissimus thoracis et lumborum (LTL) was
removed at 24 hours post-slaughter, individually
vacuum packaged and aged for either 2 or 7 d at 0-
2°C. Consumers were used to evaluate eating
quality. Neither processing site nor carcase weight
influenced tenderness, flavour or overall liking of
pork. However, steaks from 60 kg carcases were
juicier (P=0.035) compared to those from 80 kg
carcases. Improvements in tenderness, flavour and
overall liking of LTL were found due to aitchbone
hanging (P<0.001) and ageing (P<0.001) for 7 days
compared with Achilles-hung carcases and pork
aged for only 2 days, respectively. No interaction
was found between hanging method x ageing period
for any of the sensory attributes (P>0.05). Ageing
for 7 d or aitchbone hanging can be used to improve
eating quality of pork consistently across different
processing sites and carcase weights.
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I INTRODUCTION

Variable pork eating quality impacts negatively on
re-purchasing frequency of pork by Australian
consumers [1]. A major objective for Australian
pork producers is to efficiently produce pork of
consistently high eating quality. Understanding
the impact of key pathway factors from production
to consumption and the interactions between these
different pathway factors on the eating quality of
pork is required to provide industry with tools to
optimise pork quality and assist with the
implementation of an eating quality assurance
system. Few studies have been conducted to

determine the size of interactions between
production, pre-slaughter handling, processing and
post-slaughter carcase management on sensory
attributes of pork. This study was conducted to
guantify the effect of carcase weight, hanging
method and post-slaughter ageing on sensory
guality of pork and to determine the suitability of
these interventions as part of an eating quality
system for the Australian pork industry. In
addition, this study also aimed to determine
whether differences in processing sites contribute
to sensory pork quality variability.

Il. MATERIALS AND METHODS

A total of 144 female (Large White x Landrace)
pigs of two liveweight ranges (75-85 kg and 100-
110 kg) were supplied from one producer over two
slaughter days. Pigs were weighed 6 d prior to
slaughter and randomly allocated to one of three
processors on the basis of stratified liveweight. A
total of 72 pigs were slaughtered on each slaughter
day across the 3 different sites. Pigs in each
liveweight x processor group were then penned
separately on farm, during transport and in lairage
to minimise any potential effects on meat quality
due to mixing. Pigs were held in lairage with
access to water for 16 hours pre-slaughter and
were off feed for 21 hours. One plant (Site B) used
manual head only electrical stunning (240V, 50Hz,
4 sec) and CO, (85-90%) was used at Sites A and
C.

On the slaughter floor, carcases were randomly
allocated to either Achilles or aitchbone hanging
and then placed in the same chiller for 24 hours at
4°C. Ageing treatment, either 2 or 7 d post-
slaughter, was randomly allocated to each side
within carcase. The design of this study was
therefore a 3 (processor) x 2 (carcase weight) x 2
(hanging method) x 2 (ageing period) factorial
experiment. A total of 288 muscles were

58™ International Congress of Meat Science and Technology, 12-17™ August 2012, Montreal, Canada

POSTMORTP-2


Reaktion
Typewritten Text
POSTMORTP-20 


objectively measured and subjectively assessed for
eating quality and quality grading by consumers.
Muscle pH and temperature decline was
determined in the LTL, between the 12th and 13"
thoracic rib from both sides of the carcase at 80
min, 3 h, 5 h and 8 h post-slaughter using a
portable pH/temperature meter (Jenco Electronic
Ltd, Model 6009) fitted with a polypropylene
spear-type gel electrode (lonode 1J42S, Brisbane,
QLD) and a temperature probe.

At 24 h post-slaughter, LTL muscles from both
sides of the carcase were individually labelled,
vacuum packaged and chilled at 2°C and
following ageing for the required period, prepared
into six steaks of 2.5 cm thickness for consumer
evaluation. All steaks were individually labelled
and frozen at -20°C until required. Muscle
samples for assessment of intramuscular fat were
also obtained adjacent to the 7" and 8" thoracic
rib, freeze dried for 7 days and fat was extracted
using diethyl ether.

After thawing at 2°C for 24 hours, pork steaks
were cooked for 5 min using Silex grills set at
190°C. All cooked steaks were then rested for 2
min and then cut in half width ways prior to
presentation. Pork steaks attained a final internal
temperature of 75°C. Any fat selvedge was
removed after cooking.

A total of 852 consumers evaluated 3456 half
steaks.  Each muscle was assessed by 12
consumers for odour, tenderness, juiciness, flavour
and overall quality, with two consumers assessing
each steak. A line scale was used to assess eating
quality on a 0 to 100 scale. Flavour, odour and
overall quality were assessed using 0 = dislike
extremely to 100 = like extremely, with the
midpoint nominated with the descriptor of ‘neither
like nor dislike’. The descriptor used for
tenderness was: 0 = very tough to 100 = very
tender. Juiciness was scored using: 0 = very dry to
100 = very juicy. Each consumer was also asked
to grade steaks into one of five categories: 1=
Unsatisfactory; 2= Below Average; 3= Average;
4= Above average or 5=Premium.

For each sensory attribute, mean values were
calculated for each side of all animals in this
experiment using Restricted Estimated Maximum

Likelihood [2]. Variance components (random
effects) corresponding to consumer panel sessions,
consumers within sessions and samples within
consumers within sessions were fitted. Adjusted
means (fixed effects) for all animals and the two
sides of each animal were obtained from the mixed
model analysis. The adjusted means for the sides
of each carcase were then analysed using analysis
of variance (ANOVA). The ANOVA had four
strata corresponding to days or slaughter groups,
batches of animals, animals within batches and
sides within animals. The six batches in each day
were experimental units for the six combinations
of processor and carcase weight group. The 12
animals in each group were the experimental units
for the hanging method treatment and the two
sides from each animal were the experimental
units for the ageing period treatment.  This
experiment was therefore a two-phase experiment;
the first phase was the slaughter phase and the
second phase the sensory evaluation phase.

1. RESULTS AND DISCUSSION

Overall, processing site did not influence (P>0.05)
juiciness, flavour, overall liking and quality grade
of pork steaks (Table 1). However, a tendency for
pork from Site B to be more tender than that from
Site A and C was observed (P=0.052). This may
be explained by Achilles-hung carcases from Site
B being more tender (P=0.032) compared with
those from Sites A and C (Table 2). Although
electrical stunning was used in Site B, the rate of
muscle pH decline from 40 min to 8 hours post-
slaughter did not explain these findings and was
therefore not considered to contribute to this
difference.

Steaks from 60 kg HCW carcases were juicier
(P=0.035) than those from 80 kg HCW carcases
(Table 2), however juiciness was not influenced by
processing site, hanging treatment or ageing
period. Growth rate differences, rather than age,
were considered to account for liveweight
differences of pigs allocated to 60 kg and 80 kg
carcase weight groups as animals were sorted from
the same pens in the finisher shed 6d prior to
slaughter. Although different market segments are
based on hot standard carcase weight (HSCW) and
fat depth for fresh pork in Australia, these findings
suggest that the eating quality attributes of pork
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from carcases ranging from 55-90 kg HCW do not
significantly differ.

Table 1: Effect of processing site (A,B,C), carcase
weight (HCW) (60 or 80 kg), hanging method (Achilles
or aitchbone) and ageing period (2 or 7 days) on
tenderness (Tend), juiciness, flavour, overall liking and
quality grade scores of the M. longissimus thoracis et
lumborum (LTL) muscles.

Sensory Tend® Juiciness® Flavour® Overall Quality
attribute liking®  grade®
Site A 53.9 58.6 60.1 59.1 3.25
Site B 57.8 60.1 62.0 60.9 3.37
Site C 54.1 58.8 60.8 59.1 3.24
l.s.d. 3.33 2.40 2.33 2.32 0.118
P 0.052 0.34 0.18 0.16 0.067

60 kg HCW  55.0 60.3 60.9 59.6 3.31
80 kg HCW 555 58.1 61.0 59.8 3.27
l.s.d. 2.72 1.96 1.90 1.90 0.097

P 0.67 0.035 0.97 0.84 0.37
Achilles 51.7 58.1 59.3 57.2 3.16
Aitchbone 58.8 60.2 62.7 62.2 3.41
l.s.d. 2.92 2.46 1.76 2.25 0.110
P <0.001 0.09 <0.001 <0.001 <0.001
2 daged 52.0 58.8 59.4 57.7 3.18
7 d aged 58.5 59.5 62.5 61.7 3.39
l.s.d. 1.70 1.57 1.34 1.46 0.068
P <0.001 0.37 <0.001 <0.001 <0.001

40 = very tough to 100 = very tender; ° 0 = very dry to 100 =
very juicy; © 0 = dislike extremely to 100 = like extremely d =
unsatisfactory to 5 = premium.

Table 2: Influence of hanging method (Achilles or
Aitchbone) on sensory tenderness scores’ of LTL steaks
and rate of muscle pH decline (pH units/hour) from 40
min to 10 hours post-slaughter

Sensory tenderness
Site Achilles Aitchbone

Rate of pH decline
Achilles Aitchbone

A 47.8 60.0 -0.030 -0.047

B 56.5 59.1 -0.046 -0.049

C 50.9 57.4 -0.082 -0.085
s.e.d. 2.25 0.043

P 0.032 0.348

70 = very tough to 100 = very tender

Tenderness, flavour, overall liking and quality
grade scores of pork steaks were influenced by
hanging method (P<0.001) and ageing period
(P<0.001), with higher scores obtained for these
three attributes from aitchbone-hung carcases and
from those aged for 7 d post-slaughter. Despite
improvements in eating quality resulting from
aitchbone hanging in this study, this has not been

adopted by the Australian industry given the
additional labour requirement and chiller space
required. Since this study was conducted (where
pork was primarily distributed as carcases), large
retailers and food service operators now demand
boxed, vacuum packaged pork primals to be
supplied thus improving industry’s ability to
supply pork that has been aged for more than 2
days post-slaughter. Improved tenderness
associated with ageing of vacuum packaged pork
LTL muscles for 7 days or more has previously
been reported [3-6]. Ageing pork for 10 days
post-slaughter was shown to improve tenderness to
a greater extent than genotype (Duroc vs. Large
White) or feeding level (ad libitum vs. 0.8 ad
libitum) [4]. As the interaction between hanging
method and ageing period was not significant
(P>0.05) for any of the sensory attributes
evaluated in this study, adoption of either strategy
would result in improved eating quality.

In this study, 59% of LTL muscles had
intramuscular fat concentrations ranging from 0.5
— 1.49%, with only 15% of samples found to have
an intramuscular fat level of >2%. No difference
in intramuscular fat content from 60 kg and 80 kg
HSCW pigs was found (1.48% and 1.38%,
respectively; s.e.d. 0.179). The correlation
between intramuscular fat content and mean
sensory tenderness and juiciness scores were also
extremely poor (R?=0.00008 and R?=0.008,
respectively). This may reflect the narrow range
in intramuscular fat content present in the LTL
muscle. Previous studies [7-10] reported positive
effects of intramuscular fat content on sensory
attributes of pork when levels of intramuscular fat
were in excess of 2%. Therefore, it is suggested
that the combination of low intramuscular fat
content and Australian consumers typically
cooking pork to a well done degree of doneness,
may negatively impact on overall pork eating
quality.

Table 3 Correlation matrix between the sensory
attributes of tenderness, juiciness, flavour, overall liking
and quality grade for pork LTL steaks

Tenderness Juiciness Flavour  Overall
liking
Juiciness 0.586
Flavour 0.776 0.641
Overall liking 0.866 0.672 0.879
Quality grade 0.876 0.673 0.851 0.920
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Overall, flavour and tenderness were the two most
important factors that influenced consumer
perceptions of overall liking for pork (Table 3).
As females were used in this study, boar taint
would not have influenced flavour or overall
liking and this may have contributed to higher
correlations of tenderness and flavour to overall
liking than those reported in other studies. Several
studies [4, 11] conducted with consumer panels
have shown that both flavour and tenderness
contribute to overall liking. However, in a study
using trained taste panelists [12], overall
acceptance of pork was related more to tenderness
(r=0.81) than to taste intensity (r=0.67), off flavour
(r=-0.43) and juiciness (r=0.38). The importance
of flavour to overall quality of pork indicates that
the Awustralian pork industry still faces
considerable challenges with respect to a high
relative risk of boar taint given that many male
pigs are still left entire.

V. CONCLUSION

This study demonstrated that post-slaughter
interventions of hanging method and ageing period
improved eating quality of pork. These factors
were additive when steaks were cooked to a final
internal temperature of 75°C, suggesting that these
two interventions do not need to be introduced
together as part of an eating quality assurance
system to result in improved consumer satisfaction
of pork. The outcomes of this study are being
used in the development of a predictive eating
quality model for Australian pork [13].

ACKNOWLEDGEMENTS

The authors thank Australian Pork Limited and the
Department of Primary Industries, Victoria, Australia
for funding provided to undertake this study and also
the three pork processors involved for their co-
operation. Biometrical services provided by Dr. John
Reynolds, technical support of Ann Payne, Matthew
Kerr, Stuart Baud, Paul Weston, Paul Meredith and
Chris Hofmeyr and consumer sensory evaluations
conducted by Sheryle Rogers Consulting Pty. Ltd. is
gratefully acknowledged.

REFERENCES

1. Stollznow, N. (2008). Usage and attitudes of
consumers to Australian pork. Final Report to
Australian Pork Limited.

10.

11.

12.

13.

Payne, R.W., Lane, R.W. & Committee, G. (1987).
Genstat 5 Reference Manual. 1987: Oxford Science
Publishers.

Taylor, A.A., Nute, G.R. & Warkup, C.C. (1995).
The effect of chilling, electrical stimulation and
conditioning on pork eating quality. Meat Science
39: 339-347.

Wood, J.D., Brown, S.N., Nute, G.R., Whittington,
F.M., Perry, A.M., Johnson, S.P. & Enser, M.
(1996). Effects of breed, feed level and
conditioning time on the tenderness of pork. Meat
Science 44: 105-112.

Channon, H.A., Kerr, M.G. & Walker, P.J. (2004).
Effect of Duroc content, sex and ageing period on
meat and eating quality attributes of pork loin.
Meat Science 66: 881-888.

Moore, K. (2009). Interaction between ractopamine
supplementation,  porcine  somatotropin  and
moisture enhancement post-slaughter on attributes
of meat quality in pigs (2009-2271). Final Report
to Australian Pork Limited, Canberra ACT.
Fernandez, X., Monin, G., Talmant, A., Mourot, J.
& Lebret, B. (1999). Influence of intramuscular fat
content on the quality of pig meat - 2. Consumer
acceptability of m. longissimus lumborum. Meat
Science 53: 67-72.

Bejerholm, C. & Barton-Gade, P. (1986). Effect of
intramuscular fat level on the eating quality of pig
meat. Danish Meat Research Institute Manuscript
No. 720E.

DeVol, D.L., McKeith, F.K., Bechtel, P.J.,
Novakofski, J., Shanks, R.D. & Carr, T.R. (1988).
Variation in composition and palatability traits and
relationships between muscle characteristics and
palatability in a random sample of pork carcasses.
Journal of Animal Science 66: 385-395.

Touraille, C., Monin, G. & Legault, C. (1989).
Eating quality of meat from European x Chinese
crossbred pigs. Meat Science 25: 177-186

Moeller, S.J., Miller, R.K., Edwards, K.K., Zerby,
H.N., Logan, K.E., Aldredge, T.L., Stahl, C.A,,
Boggess, M. & Box-Steffensmeier, J.M. (2010).
Consumer perceptions of pork eating quality as
affected by pork quality attributes and end-point
cooked temperature. Meat Science 84: 14-22.
Enfalt, A.-C., Lundstrém, K., Hansson, I,
Lundeheim, N. & Nystrom, P.-E. (1997). Effects of
outdoor rearing and sire breed (Duroc or
Yorkshire) on carcass composition and sensory and
technological meat quality. Meat Science 45: 1-15.
Channon, H.A., Hamilton, A.J., D'Souza, D.N. &
Dunshea, F.R. (2011). Development of an eating
quality system for the Australian pork industry. In
Proceedings 57th International Congress of Meat
Science and Technology. (052),7-12 August 2011,
Ghent, Belgium.

58" International Congress of Meat Science and Technology, 12-17" August 2012, Montreal, Canada





