
FINAL REPORT
Project Armis No. 4391

The National
Food Centre
RESEARCH & TRAINING FOR THE FOOD INDUSTRY

RESEARCH REPORT NO 28

Predicting the 

Eating Quality 

of Meat

AGRICULTURE AND FOOD DEVELOPMENT AUTHORITY

Contents"

R4579 Meat Quality No.28  15/6/04  3:17 pm  Page 1



PREDICTING THE EATING QUALITY OF MEAT

Authors:

Anne Maria Mullen B.Sc. Ph.D.
Brendan Murray B.Sc. Ph.D.
Declan Troy M.Sc. C.Chem. M.R.S.C.

M.I.C.I. M.I.F.S.T.I.

ISBN 1-84170-157-2
December 2000

Teagasc 19 Sandymount Avenue Ballsbridge Dublin 4

AGRICULTURE AND FOOD DEVELOPMENT AUTHORITY

#Contents"$ %

R4579 Meat Quality No.28  15/6/04  3:17 pm  Page i



CONTENTS

Summary 1

Introduction 1

Cause of variability of meat quality 2

Objectives 3

Development of ELISA for predicting meat tenderness 3

The ELISA method 3

Identification of novel protein fragments for
ELISA development 4

ELISA development 6

Amino acids as potential indicators of eating quality 7

Amino acids in meat 7

Amino acid concentration of beef striploin 8

Amino acids as tenderness indicators 8

Electrical measurements of eating quality 10

Changes in pH and electrical properties with
varying meat conditioning temperatures 10

Improving prediction by segregating carcasses
for colour, pH and drip loss 11

Muscle structure and its relation to meat
electrical properties. 14

Conclusions 16

#Contents"$ %

R4579 Meat Quality No.28  15/6/04  3:17 pm  Page iii



Results from other research on this topic 16

Recommendations to industry 17

Acknowledgements 18

Literature references 18

Publications from this project 19

#Contents"$ %

R4579 Meat Quality No.28  15/6/04  3:17 pm  Page iv



SUMMARY

A novel, water soluble protein fragment [1735Da] was isolated from beef
striploin and characterised. As soluble components of the proteolytic system
are easily extracted from muscle they may be suitable for routine factory
analysis. This fragment originated from the important myofibrillar protein,
troponin T and may serve as a tenderness indicator.

A sensitive, accurate antibody-based method for the detection of this protein
fragment has been developed. While initial correlations with meat tenderness
look interesting a large scale trial is necessary to confirm the usefulness of this
test as a tenderness indicator.

The increase in concentration of free amino acids was examined in the
striploin after slaughter. In general most amino acids increase over the ageing
period while a 100% increase was observed in total amino acids. No
differences were observed along the length of the striploin.

Some amino acids, detected in water-soluble meat extracts, were significantly
correlated with tenderness measurements. Further investigations would be
required to determine the usefulness of amino acids as indicators of meat
tenderness.

A relationship was observed between conductivity and pH measurements and
the tenderness of  beef and pork striploin. However, this relationship was only
present within some quality classes.

Electron microscopy studies indicated that electrical properties change as a
result of membrane damage in meat after slaughter.

It was concluded that the ELISA, for detection of a protein fragment, was the
most promising as an eating quality indicator. pH and electrical conductivity
measurements were able to predict meat tenderness within certain pork and
beef quality classes.

INTRODUCTION

Assurance of consistent eating quality is needed if the meat market is to grow,
prosper and be economically viable. However, at present there is no reliable
method in place which will allow the meat industry to guarantee eating quality.

1
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Variation of eating quality from animal to animal, cut to cut, prevents the meat
industry marketing its produce according to quality. Despite much work on the
scientific basis of meat tenderness, colour, water-holding capacity and juiciness
their evaluation, prediction and control remain elusive within 48hrs post-
slaughter.As a result, meat produced today can not be guaranteed to possess the
best quality attributes as its eating quality can only be truly assessed after
purchase. Therefore, the marketability of meat, the consistency of quality and
the guaranteeing of set standards of product are made very difficult.

Causes of variability of meat quality

The reasons for the variability of meat quality are many, right along the
production chain, into the beef processing plant, in retail outlets and even in
the purchaser’s home. The characteristics of the live animal can affect
tenderness, flavour and the nutritional status of the finished product.
Breeding has focused on quantity sometimes to the detriment of the quality
of the meat. Age also affects quality. Cattle, for example, are generally
slaughtered between 18-30 months. Older animals are generally tougher and
have less acceptable colour. While some authors suggest that bull beef is
tougher than steer beef (Field, 1971), more recent reports suggest that the
effect of the sex of the animal on meat quality is minimal (Huff et al., 1993
& Klastrup et al., 1984). The feeding regimes of the animal can affect
tenderness, flavour, colour and nutritional status (Wood et al., 1995). Apart
from being a contentious and volatile social issue, bad handling and
inadequate transport systems can adversely alter meat quality. Similarly, good
slaughtering techniques are a necessity to ensure that the meat quality is not
compromised. Post-slaughter factors also have immense influence on the
state of the finished product. Temperature control during the chilling of the
meat and technological processes such as electrical stimulation and hip
hanging have profound effects on the quality of the meat. Optimal ageing of
the meat is also a necessity to ensure good eating quality.
Ideally, the eating quality of meat needs to be predicted in the early post mortem
period. By this we mean within 24-48h post-slaughter, when the carcass is
within the confines of the meat factory. Also, prediction of meat quality during
the conditioning period would be a great benefit to meat buyers.

2
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OBJECTIVES

While the precise mechanisms responsible for the development of the
ultimate quality in meat are not well defined it is clear that they have a
biochemical and physical/structural basis. Previous work (Research Report
13) showed that the breakdown of meat proteins was important in the
development of tenderness and that measurement of the electrical properties
of meat showed potential as quality indicators. The current project capitalised
on these results and further refined the measurements to serve as meat quality
indicators.
The specific objectives of this investigation were as follows:-

● Development of ELISAs (enzyme linked immunosorbent assays) for
detecting protein fragments as potential  indicators of meat tenderness.

● Measurement of amino acids in meat as indicators of tenderness.

● Examination of electrical measurements (pH, impedance and
conductivity) for the determination of the eating quality of meat.

DEVELOPMENT OF ELISA FOR PREDICTING MEAT TENDERNESS

The ELISA Method

Immunoassays are based on a reaction between an antigen (such as a protein
fragment) and an antibody (a large protein produced by an animal to
specifically bind to and inactivate the antigen). The assay depends on the
ability of the antibody to recognise the antigen (specificity) and how tightly it
binds the antigen (affinity). Immunoassays are fast, reliable, sensitive and
specific analytical systems.
The appearance of protein fragments originating from structural myofibrillar
proteins has been observed in beef over the ageing period. Both the amount
of fragment and its rate of appearance vary between animals and increased
protein breakdown is thought to relate to increased tenderness. The enzyme
systems responsible for the breakdown of myofibrillar proteins are recognised
for their role in meat tenderness development. In particular the calpain
system has been implicated and the consequent protein degradation provides
potential indicators for tenderness. These indicators may be part of the

3
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4

enzyme system or they may be the protein fragments. Once these potential
indicators have been identified and characterised, antibodies can be produced
towards them and used in the development of ELISAs for their rapid
detection in meat.

Objective: The objective was the development of a rapid ELISA method of
predicting beef tenderness soon after slaughter. This required identification of
components of the proteolytic system of meat which have the potential to
indicate toughness or tenderness. Once these components were identified the
objective was to raise antibodies towards them, which would form the basis
of an immunoassay.

Identification of novel protein fragments for ELISA development

As the insoluble myofibrillar proteins have been implicated in meat
tenderness to a greater extent than soluble sarcoplasmic proteins, most
research to date has focused on the analysis of proteins and protein fragments
in myofibrillar extracts. However the insoluble nature of these components
makes their extraction time-consuming. Detection of fragments of
structurally important myofibrillar proteins, that are soluble in water or weak

The ELISA plate reader was used to detect protein fragments in beef steaks.
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acid, would be of interest as their isolation would be more suitable for routine
factory analysis.

Approach: Samples of beef striploin were taken at 1d, 3d, 7d and 15d after
slaughter and extracted in 5% tricholoracetic acid (TCA). These extracts were
analysed to identify, isolate and characterise fragments which increased over the
ageing period. In an additional study these fragments were monitored over the
length of the striploin to determine if any differences existed within the muscle.

Outcome: Using HPLC (high performance liquid chromatography) three
protein fragments were isolated from beef striploin during 14 days of ageing.
They were identified by mass spectrometry and amino acid sequencing (Table
1) as being both sarcoplasmic and myofibrillar in origin.
The most interesting of these protein fragments, in terms of the prediction of
tenderness, is fragment 4 as its origin has been identified as troponin T. The
breakdown of troponin T has previously been recognised (Koohmaraie, 1992
& 1996; Zamora, 1996; Troy, 1997 & 1999) as a contributory factor to the
tenderisation of meat and its 30kDa myofibrillar fragment has received much

5

Table 1:  Comparison of protein fragments produced in beef striploin during
conditioning for 14 days with the amino acid sequence of known muscle proteins.

Soluble Identified Parent %
fragment sequence of protein homology
(molecular amino acids
weight)

Fragment 3 KVVKQASEGPLK Glyceraldehyde-3-phosphate

1283Da dehydrogenase 87%

Fragment 4 APPPPAEVPEVHEEVH Troponin T

1735Da 37-57%

Fragment 5 DPIIQDRHGGFKPTKK Creatine kinase

5713Da HKTDLNHENLKGGDD 97%-100%

LDPNYVLS
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interest as a meat quality indicator. However the presence of a smaller soluble
fragment (fragment 4 - 1735Da) of this protein is of great importance to the
prediction of meat quality as its measurement requires less complex methods
than for the larger 30kDa fragment.

ELISA Development

Approach: Eight striploins were sampled at 2, 7 and 14 days of ageing for
detection of the 1735Da fragment using the newly-developed ELISA.
Degradation of the parent protein (troponin T) was monitored in myofibrillar
extracts using SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel
electrophoresis). Samples were also taken for western blot analysis – this was
necessary to test the specificity of the antibodies towards the troponins.

Outcome: Results from the ELISA test are presented in Figure 1. After 2 days
post slaughter, beef extract contained on average 2ng/ml of 1735Da fragment.
This increased to 17ng/ml at days 7 and 14 after slaughter. From these results

6

Figure 1: Increase of 1735Da (fragment 4) in beef striploin over 14 days ageing–
as detected using ELISA. Each line represents results from one carcass.
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it is clear that this proteolytic fragment increased over the ageing period. This
was as expected. Values varied widely between animals (see Figure 1). This
variation could be attributed to the variation in the proteolytic breakdown of
troponin T between animals.
The concentration of the 1735Da fragment in meat 7 days after slaughter and
the rate of change of 1735Da levels from day 7 to day 14 were correlated with
tenderness (r = -0.48 and 0.68, respectively). Tenderness was measured on
day 14, after slaughter, using Warner Bratzler shear meter. [Note:- ‘r’ =
correlation coefficient, the closer ‘r’ is to ±1 the stronger the relationship
between the 1735Da fragment and tenderness.]
A relationship between the 1735Da fragment and tenderness is evident.
However, this needs to be applied to a larger sample of carcasses. It will also
be necessary to focus more closely on the first 2 days after slaughter to provide
the meat industry with an early post slaughter predictor of meat tenderness.
A method of measuring the tenderness of meat at the point of sale would also
be of benefit to meat buyers. These results demonstrate that the ELISA may
be used for this application.

AMINO ACIDS AS POTENTIAL INDICATORS OF EATING QUALITY

Amino acids in meat

When proteins are degraded by enzymes during meat ageing they give rise to
protein fragments which are themselves further degraded, releasing individual
amino acids. The concentration and rate of appearance of these amino acids
may contain information regarding the eating quality of the meat.

Objectives
The objectives of these trials were twofold:

● to measure changes in the content of amino acids occurring along the
length of beef striploin during the conditioning period;

● to determine the relationship between amino acid concentrations in the
striploin and meat tenderness.

7
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Amino acid concentration in beef striplion

Approach: Striploins were excised from three beef (heifer) carcasses. The free
amino acids were measured in 8 locations along the striploin over 15 days of ageing.

Outcome: Most amino acids increased throughout the striploin over the ageing
period, while a 100% increase was observed in total amino acids averaged over
the 8 locations (Figure 2). More variations occurred between locations early
after slaughter however, there were no consistent differences during ageing
which might suggest variations in proteolytic activity along the striploin.

8

0

Figure 2.  Total free amino acids (nmol/mg tissue) over eight locations (A-H) of
beef striploin.  Analysis was carried out at 1hour, 1 day, 3 days and 15 days after
slaughter on samples from 3 heifers. The average amino acid concentration from
all locations at each time point is represented by the solid line.

Amino acids as tenderness indicators

Protein degradation is accepted as a contributory factor in the tenderisation of
meat. Protein fragments are further susceptible to attack by enzymes which
produce smaller fragments and amino acids. In the previous investigation we
observed an increase in the overall amino acid content of meat during the
ageing process. Here we analysed early post slaughter amino acids in beef
strip loin to see if the individual amino acids contain any important
information regarding the tenderisation process.
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Approach: Thirty two heifers were sampled for amino acids (using a soluble
extraction method) at 24h & 48h after slaughter. Tenderness (sensory analysis
and Warner Bratzler shear force) was recorded at 7 and 14 days post slaughter.
Pearson correlation coefficients were used to examine the relationship
between amino acids and tenderness.

Outcome: Six individual amino acids were weak to moderately correlated to
Warner Bratzler tenderness measurements: these were serine, tyrosine,
phenylalanine, arginine, alanine and lysine (Table 2). Although the

9

Table 2:  Pearson correlation coefficients between concentration of individual
amino acids (nmol/ml) and measurements of tenderness (sensory analysis and
Warner Bratzler shear force) in beef striploin.

WB7d WB 14d Tend 7d Tend 14d

Serine+ -0.37* -0.42* 

Tyrosine+ -0.35*

P-ALA+ -0.40* 

Arginine+ -0.37* 

Alanine+ -0.39* 

Lysine+ -0.38* -0.37* 

Isoleucine+ 0.36* 

Glutamine+ -0.42*

+ = All amino acids were measured at 1day post slaughter with the exception of Isoleucine
which was measured at 2d post slaughter.  

WB = Warner Bratzler shear force, 
Tend = Sensory panel tenderness, 

7d = 7 days post slaughter, 14d = 14 days post slaughter. 
* = Pearson correlation coefficient,  the closer ‘r’ is to ±1 the stronger the relationship

between the amino acid content and tenderness measurements.
All values are significant to p < 0.05
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correlations were not very strong, both lysine and isoleucine at 1d after
slaughter were also correlated with tenderness measured by a sensory panel.
Sensory firmness and juiciness were also related to amino acids at both 1d and
2d after slaughter. These results show some relationship between amino acids
and meat tenderness. Further investigation is required to determine the
usefulness of amino acid extracts as indicators of meat tenderness.

ELECTRICAL MEASUREMENTS OF MEAT QUALITY

Change in pH and electrical properties with varying meat
conditioning temperatures

In some research trials, the range in meat quality may not be representative of
the variations encountered by the trade. This may lead to difficulties in
assessing the true potential of an indicator method. As meat quality is largely
affected by temperature, a variety of chilling regimes were employed to
increase variation in meat quality.

Approach: Striploins from 12 heifers were excised at 1h post mortem, halved
and held for 24h at 0º, 10º, 20º and 30ºC, and subsequently stored at 2-4ºC
for 14 days. pH and electrical measurements were recorded up to 2d and
14d,respectively. Samples were taken at various times post slaughter for
measurement of tenderness using Warner Bratzler shear force (WB),
sarcomere length, drip loss, cook loss, Hunter Lab colour measurement and
compositional analysis.

Outcome: A high range in meat quality attributes was achieved by the varying
temperature regimes of this experiment. Electrical measurements were well
correlated with pH values, particularly between 5h and 8h after slaughter,
with r values ranging from -0.73 to 0.79 (p<0.01). Significant correlations
were obtained between electrical measurements and some quality attributes,
in particular drip loss at 1d post slaughter (r values ranging from –0.81 to
0.81) and Hunter Lab colour values (r values  ranging from –0.78 to 0.72).
Tenderness (WB) was weakly to moderately correlated with both impedance
(r = 0.37 to 0.53) and conductivity (r = -0.29 to -0.48). These results
demonstrate that electrical measurements could be useful as indicators of

10
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meat quality, particularly water holding capacity and colour and to a lesser
extent tenderness as assessed by WB. [Note:- ‘r’ = correlation coefficient, the
closer ‘r’ is to ±1 the stronger the relationship between the electrical
measurements and quality measurements.]

Improving prediction by segregating carcasses for colour, 
pH and drip loss.

Pork
Approach: Striploins from one hundred pork carcasses (boars and gilts) were
sampled for the following quality attributes: tenderness (using Warner Bratzler
shear force and sensory analysis), colour, drip loss. pH, impedance and conduc-
tivity were recorded in the early post mortem period. Before assessing the ability
of these electrical measurements to predict meat quality the animals were allo-
cated to quality classes based on pH, colour and percentage drip loss (Table 3).

Outcome: Within the PSE quality class, 86% and 96% of the variation in
tenderness was explained by conductivity at 1hr (r=0.93) and 3hr (r=0.98),
respectively (Table 4). It can be seen that relationship exists between

11

Table 3:  Selection criteria for segregating pork carcasses into various quality
classes.

pH at 3h ‘L’ drip loss

PSE less than 5.8 Greater than 50 greater than 6%

RSE less than  5.8 44-50 greater than 6%

DFD greater than 6.0 Less than 44 less than 3%

RFN greater than 5.8 44-50 less than 6%

PSE – pale, soft, exudative; 

RSE – red, soft, exudative; 

DFD – dark, firm, dry; 

RFN – red, firm, normal. 

‘L’ – as measured by Hunter Lab colour system.
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conductivity and tenderness measurements in PSE carcasses. Further verification
of these results with larger numbers of animals is necessary to determine the
industrial usefulness of these probes as meat tenderness indicators.

Beef
Approach: Forty eight beef carcasses (heifers of similar age and weighing 390-
420kg) were classified in a similar manner as pork (see above). The classification
criteria are shown in Table 5. Conductivity and pH measurements were recorded
on the striploin muscle. Tenderness measurements (sensory analysis and Warner
Bratzler shear force (WB)) were also made on the striploin.

12

Table 4:  Pearson correlation coefficients between electrical measurements and
tenderness (Warner Bratzler shear force at 7 days post slaughter) in seven PSE
pork carcasses.

Conductivity at 1h Conductivity at 3h
correlated with tenderness correlated with tenderness

PSE r = 0.93 r = 0.98

PSE =pale, soft, exudative; 
All values are significant to p < 0.05

‘r’ = Pearson correlation coefficient, the closer ‘r’ is to ±1 the stronger the relationship between
the conductivity and tenderness measurements.

Measuring

conductivity on

PSE carcasses

may indicate the

tenderness of the

pork. ▼
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Outcome: Classifying beef carcasses in this manner improved the ability of pH
and conductivity measurements to predict tenderness (WB) of beef (Table 6).
WB at 14d was highly correlated with pH measurements taken at both 5 and
6 hours after slaughter. pH at these time points explained between 66% and
85% of the variation present. pH measurements at 24 hours post mortem

13

Table 5:  Selection criteria for segregating beef carcasses into quality classes 
A to D.

‘L’ value at  7d pH at 24 hr Drip loss at 1d

Class A greater than 33 less than 5.5 greater than 1%

Class B greater than 33 less than 5.5 less than 1%

Class C less than 33 greater than 5.5 less than 1%

Class D less than 33 less than or equal to 5.5 less than 1%

‘L’ Lightness as measured by the Hunter Lab system

Table 5: Selection criteria for segregating beef carcasses into quality classes A to D.

Tenderness at 7d Tenderness at 14d

pH 5h     (Class A, n=10) r = 0.92

pH 6h   (Class A, n=10) r = 0.81

pH 24 h   (Class B, n=13) r = 0.80

Cond 24h  (Class C, n=10) r = 0.84

Cond = conductivity. 

5h = 5 hours postslaughter etc. 

‘r’ = correlation coefficient, the closer ‘r’ is to 1 the stronger the relationship between the

conductivity and tenderness or pH and tenderness. 

All values are significant to p<0.01.

‘L’ Lightness as measured by the Hunter Lab system
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were highly correlated with tenderness (WB) at 7 days after slaughter
(explaining 64% of the variation). Conductivity measured at 24 hours post
slaughter explained 71% of the variation in WB 14d. Without segregating the
carcasses in this manner the highest percentage variation explained in
tenderness (WB) 2d, 7d and 14d after slaughter was 37%.
Segregating carcasses into quality classes gave some promising results.
Predicting meat tenderness by pH and conductivity measurements was
enhanced. However, while the initial data set was comprised 48 carcasses,
segregation resulted in smaller numbers of carcasses in each grouping. Larger
numbers are required to verify the usefulness of this method.

Muscle structure and its relation to meat electrical properties.

Electrical properties of meat are indicators of the structural integrity of
muscle. Therefore, examination of ultrastructural changes occurring in muscle
tissue after death may help to explain more clearly, the origin of the electrical
properties of meat.

Approach: Beef striploins (from heifers of similar age and weighing 390-
420kg) were held at 20º and 30ºC to cause variation in the disruption to the
membrane integrity. pH and electrical measurements were recorded at 7h,
1d, 2d and 7d after slaughter. Samples were taken for analysis of the
ultrastructure by transmission electron microscopy.

Outcome: Transmission electron micrographs show more ultrastructural
disintegration in meat samples with low impedance/high conductivity values
(Figure 3a,b,c). Although changes in ultrastructural integrity are difficult to
quantify, the micrographs demonstrate that electrical impedance decreases
and conductivity increases with increasing membrane damage. The rate of
change in electrical properties was faster in meat conditioned at 30ºC than at
20ºC. The micrographs  reveal a faster rate of ultrastructural damage for these
samples. The results of this work, and the literature reviewed, favours the
conclusion that the electrical properties of meat change during ageing as a
result of cell membrane and ultrastructural damage in the striploin.

14
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Figure 3a: Electron micrograph of beef
striploin at 1 hour after slaughter, with a
high electrical impedance value of 77
(dimensionless units) and a low
conductivity value of 1.7mS/cm.
Micrograph shows intact, well preserved
myofibril pattern in striploin (24,000X). 

Figure 3a: Electron micrograph of beef
striploin at 2 days after slaughter, with a
medium electrical impedance value of 24
(dimensionless units) and a medium
conductivity value of 7.5mS/cm.
Micrograph shows damage to the
ultrastructure of the striploin, cell
membranes are damaged (24,000X). 

Figure 3c: Electron micrograph of beef
striploin at 7 days after slaughter, with a
low electrical impedance value of 10
(dimensionless units) and a high
conductivity value of 11.9mS/cm.
Micrograph shows a large amount of
damage to the ultrastructure and cell
membranes in the striploin (24,000X).

#Contents"$ %

R4579 Meat Quality No.28  15/6/04  3:17 pm  Page 15



CONCLUSIONS

● A rapid ELISA (enzyme linked immunosorbent assay) was developed to
detect a protein fragment (1735Da) which originates from troponin T
and which appears during the post slaughter tenderisation of meat.

● Using this ELISA the concentration of 1735Da fragment was seen to
increase over 14 days after slaughter in beef striploin.

● The concentration of 1735Da fragment and its rate of increase, after
slaughter, were related to tenderness in beef striploin.

● An increase in amino acid concentration was observed in beef striploin
over the ageing period.

● Some amino acids (measured 1 and 2 days after slaughter) were related
to tenderness in beef striploin.

● Conductivity and pH measurements were correlated with tenderness
measurements in both beef and pork striploin within certain quality
classes.

● Electron micrograph studies show that cell membranes and the muscle
structure, in beef striploin, become progressively damaged during the
post slaughter ageing process. This damage results in the post slaughter
decrease in electrical impedance and increase in electrical conductivity.

RESULTS FROM OTHER RESEARCH ON THIS  TOPIC

● A new acoustical (ultrasound) approach is being developed in this
laboratory (in conjunction with UCD) for analysing composition of meat
and for the prediction of meat quality. Following instrumentation
development, a strong relationship between the composition of meat
emulsions and acoustical measurements has been observed. A
relationship between acoustical measurements and the tenderisation
process in beef striploin has also been identified. The potential of this
technology to predict the eating quality of meat is being examined (The
National Food Centre, Project ARMIS No. 4981).

● Autofluoresence was successful in quantifying collagenous tissue (r =
0.98). This technique also has the ability to monitor ageing in muscle
and, when tenderness is measured at the same time, it can explain 50%

16
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of the variation in tenderness. (Dr. Kjell Ivar Hildrum, Matforsk –
Norwegian Food Research Institue, Oslovien, N-1430 AS, Norway)

● NMR can be used to map pH in beef muscles. However as the procedure
takes 40 minutes to carry out, the methodology needs to be improved to
be able to follow pH during rigor formation. (Dr. Joseph Culioli, INRA,
Centre de Clermont-Theix, Station de Recherches sur la Viande, Saint
Genes Champanelle, 63122, Auvergne, France)

● pH and parameters representing the pH rate of decline during rigor
correlated well with tenderness and consumer acceptance of beef.
Carcasses with a higher rate of pH decline and an ultimate pH below 6.0
provided more acceptable meat. (Dr. Asa Josell, Swedish Meat Research
and Development, P.O. Box 504, Vaestra Laanggatan 20, Kaevlinge, S 244
24, Sweden)

RECOMMENDATIONS TO INDUSTRY

Presently, routine methods of measuring meat quality revolve around a few
measurements including pH and temperature. Commercially available probes
include hand held probes for the measurement of pH, temperature, and
electrical conductivity and impedance of meat. No test for the eating quality of
pork or beef currently exists. This project has identified areas with potential for
predicting tenderness. Foremost is the detection of the soluble 1735Da
fragment and development of an ELISA test for its measurement in beef. The
research suggests that the ELISA test may provide an indicator of beef
tenderness. Further studies are needed to confirm these results on a large
sample of carcasses and to focus more closely on monitoring 1735Da during the
first 2 days after slaughter. If successful, a rapid test kit for routine detection in
meat plants of this fragment can be developed. Funding for continued research
into the ability of this ELISA test to predict tenderness is being sought.
Novel physical methods such as ultrasound and autofluoresence have shown
potential in the prediction of composition and tenderness of meat. Further
work is required in this area. Commercially available probes for pH and
electrical conductivity have shown limited use as tenderness indicators.
However if carcasses were first segregated into quality classes, pH and
conductivity measurements were related to tenderness.

17
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