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SUMMARY

A new acoustical technique was developed for the quantitative analysis of the
texture and composition of meat and meat products. This new approach
exploits the fact that the acoustical velocity and attenuation of waves
propagated through meat are affected by its mechanical properties, thus
allowing characterisation in terms of its composition and eating quality. The
method is based on a new high-resolution ultrasonic resonator. This technique
is rapid and uses small samples. Procedures for the acoustical analysis of meat
were developed and the results were correlated with taste panel and shear
force measurements of meat tenderness.

Both the acoustic velocity and the attenuation of meat emulsions increased
with increasing fat and protein content. Frequency had little effect on the
acoustic velocity but the rise in the attenuation with increasing fat and protein
content was more marked at higher frequencies. These results demonstrate
the potential of the new technique for simple routine analysis of the
composition of meat emulsions.

The new acoustical method also has potential for measuring eating quality in
meat. Changes in the structure and hence the tenderness of meat samples
during ageing were reflected in changes in the acoustic velocity and
attenuation. These ultrasonic parameters were also dependent on the
orientation of the muscle fibres to the direction of the ultrasound wave. This
anisotropy of response showed a strong relationship with most sensory
properties, being very sensitive to tenderness and overall acceptability scores.
This finding is important for the further development of the acoustical
analysis of meat eating quality.

It is expected that further development will lead to prototype equipment that
could eventually be produced for commercial applications.
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INTRODUCTION

The tenderness of beef is of primary importance to the consumer. Eating a
steak that is tough is not an enjoyable experience regardless of any other
qualities such as flavour. It follows then that reliable methods to measure the
tenderness of meat prior to sale will find favour with the meat industry.
Providing customers with steaks that are “guaranteed tender” remains a major
challenge of the meat industry. Presently, reliable methods can be applied only
in a laboratory using expensive texture measuring equipment or trained
sensory panels. Rapid methods that could be applied in the industry have long
been a goal of meat researchers. Attempts at using technologies such as
ultrasound, radio frequency, NIR and other forms of spectroscopy have had
limited success. The main problem is that meat texture is complex and these
methods have insufficient resolution relative to the complex structure of meat
(noise).

The overall texture of meat derives from the amount and nature of the
connective tissue (collagen) and the state of the muscle fibres. The connective
tissue content and structure changes as an animal grows but also varies
considerably between individuals and between muscles within an individual
carcass. After rigor mortis, enzymes within the meat progressively break down
the muscle fibres but not the connective tissue. The connective tissue
therefore determines a baseline for meat tenderness. The extent by which the
fibres are broken down during storage prior to consumption (ageing)
determines how close the final tenderness is to this baseline. Many factors,
both endogenous and exogenous, affect the rate and extent of breakdown of
the muscle fibres and therefore the final eating quality.

A novel ultrasound technique has been developed with the potential to rapidly
and accurately measure tenderness on small samples of meat. This technique
has much higher resolution than previously applied methods and is therefore
very sensitive to meat texture. It is hoped that this will lead to the development
of equipment that could be applied in the industry to measure meat texture.
The method is also sensitive to differences in meat composition, particularly fat
and protein content. It is possible, therefore, that composition and texture
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could be measured simultaneously to give an overall picture of the likely eating
quality. This could be particularly useful in processed meats, where it is
important to know the composition and textural properties of intermediate
emulsions in order to control the eating quality of the final product.

OBJECTIVE AND MAIN TASKS 

The aim was to develop effective acoustical methods for the objective
characterisation of the structure and composition of meat and thereby predict
the eating quality.

The main tasks were:

● development of an acoustical technique 

● development of the appropriate acoustical measurement procedures 

● evaluation of the acoustical technique of meat quality analysis in
comparison with traditional methods 

THE ULTRASOUND TECHNIQUE

The equipment consists of a stainless steel sample cell and two lithium
niobate piezoelectric transducers (Figure 1). The transducers generate
acoustical waves in the megahertz (MHz) frequency range within the meat
sample. The characteristic resonance of this resonator is determined by the
mechanical properties of the sample being analysed.Temperature control is an
essential element in acoustical measurements as ultrasonic velocity is highly
temperature-dependent. The cell temperature was measured using a specially
calibrated temperature probe and maintained using a very accurate water bath
circulator. The acoustical measurements were automatically carried out using
a PC-controlled frequency synthesiser/analyser or a PC-controlled impedance
analyser.

The resonator cell consists of two main components, the resonator chamber
and the transducers (Figure 2). One transducer excites the acoustical wave
travelling in the direction of the second transducer and this wave is reflected

3
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4

Figure 1:  Set-up of the acoustical instrumentation for measuring temperature
transitions, tenderness and protein and fat contents of meat.
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Figure 2:  Construction of the Ultrasonic Scientific resonator cell used to transmit
waves of ultrasound through the meat sample.
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from the second transducer back to the first and reflected again to the second
transducer and so on. At the frequencies corresponding to the whole number
of half-wavelengths between the transducers, a resonance occurs resulting in
maximum amplitude of the signal and a sharp change in the phase. The
ultrasonic velocity through the sample and the attenuation coefficient of the
sample were calculated by software adapted to facilitate multi-frequency
measurements over a range of temperatures in meat samples.

RESULTS

Analysis of meat composition by the acoustical technique
Meat emulsions were prepared using pork or beef striploins. A series of water
dilutions were then made up using these emulsions. The composition of the
diluted emulsions was determined using standard AOAC laboratory methods.
The acoustical parameters of these dilutions were then measured at 25ºC. The
results demonstrated a clear relationship between the acoustical velocity and
attenuation coefficient and the protein and fat contents of the meat emulsions
(Figures 3 and 4). The velocity and the attenuation coefficients both increased
with increasing fat and protein contents. While the relationship between
composition and ultrasonic velocity followed the same pattern for all
measured frequencies (between 2 and 7 MHz), the rise in ultrasonic
attenuation with increasing fat and protein content of beef was greater at
higher frequencies (Figure 3). Overall the results demonstrate a high
sensitivity of the acoustical method to meat composition. This makes the
acoustical technique valuable for simple routine analysis of meat composition.

Analysis of meat texture using the acoustical technique
Meat consists of parallel bundles of muscle fibres with connective tissue
between them. This structure dictates many important physical-chemical
properties of meat including tenderness, firmness, chewiness, etc. The
alignment of fibres leads to different acoustical properties when waves are
propagated parallel with or perpendicular to the fibres. When the fibres of the
muscle are aligned parallel to the direction of ultrasonic wave propagation, the
compressions and extensions are along the axes of the muscle fibres. Whereas

6
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Figure 3:  The relationship between the composition of beef and pork emulsions
and their acoustical parameters.
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Figure 4:  Muscle fibre alignment in relation to the acoustical wave direction.
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when the fibres are aligned perpendicular to the direction of propagation, the
compressions and extensions are transverse to the muscle fibre axes.
Therefore, the effect on the acoustical parameters of any changes in the fibre
structure due to ageing would be expected to depend on the orientation of
the fibres to the direction of the acoustic wave. It was discovered that this
orientation-dependent difference in the acoustical parameters (anisotropy)
gives important information about the structure of meat.

To measure the effect of muscle anisotropy on the acoustical values, meat
samples were analysed with their muscle fibres aligned either parallel with or
perpendicular to the direction of the acoustical waves (Figure 5). Noticeable
differences in the ultrasonic velocity and attenuation were found due to fibre
orientation. The ultrasonic velocity was about 1% higher in the meat samples
with the fibres aligned perpendicular to the wave direction, whereas the
ultrasonic attenuation coefficient was several times greater in the meat
samples with the fibres aligned parallel with the wave direction. These
differences in the ultrasonic parameters of the meat were more than three
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orders higher than the resolution of the acoustical measurements and
therefore can be easily detected using this equipment.

Monitoring changes in meat texture during ageing
Meat undergoes a series of transitions with temperature changes. As the
temperature increases the meat proteins denature and the lipids melt. These
changes in the components of meat have a profound effect on meat structure
and consequently on the acoustical anisotropy. Characterisation of the protein
and fat transitions is important for the functionality of meat as a food and as
an ingredient in processed foods. High-resolution measurements of
temperature profiles of the ultrasonic parameters of muscle samples with
parallel and perpendicular fibre alignment were used to characterise the
changes in the structure of meat with increasing temperature.

Meat samples were aligned with their fibres either parallel with or
perpendicular to the wave direction. The temperature of the meat samples
was increased from 5 to 80ºC at a rate of 1⁄4 of a degree per minute. The
measurements were carried out at frequencies between 3.6 and 4.0 MHz. The
ultrasonic velocity and attenuation were found to change with temperature
for both meat sample alignments. The ultrasonic velocity for perpendicular-
aligned meat samples was found to be, in general, greater that the velocity for
parallel-aligned samples and the difference changed with temperature (Figure
6). The high resolution of the measurements allowed the differential in
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ultrasonic velocity with temperature to be calculated. The curve for meat
samples with parallel fibre orientation showed marked changes at several
temperatures however these changes were not apparent in the perpendicular-
aligned meat samples. The ultrasonic attenuation coefficient in meat was also
profoundly affected by temperature (Figure 7). Between 17 and 22ºC the
attenuation coefficient increased dramatically in the meat samples with
parallel fibre orientation, but not in the samples with perpendicular fibre
orientation. In this temperature range the attenuation coefficient for the
parallel-aligned samples was up to three times higher than for the
perpendicular samples.

These results demonstrate a significant rearrangement in the structure of meat
over this temperature range. The relationship between these protein and fat
transitions with meat temperature and the anisotropy of the acoustical
parameters will facilitate the development of an ultrasound method for the
analysis of meat structure and composition.
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Correlation of taste panel results with acoustical data 
Traditional methods were used to evaluate the eating quality of meat. The
force required to shear through meat samples was measured by the Warner-
Bratzler technique. Experienced panellists assessed the eating quality of meat
using the following parameters: tenderness, juiciness, flavour, firmness, residual
connective tissue, overall texture and overall acceptability. The protein, fat,
moisture and ash content of meat was determined by standard AOAC
laboratory methods.

Overall there was a clear tendency for the mean sensory scores to improve
with ageing of meat as determined by standard methods: rising tenderness,
juiciness, flavour, texture and overall acceptability scores, and decreasing
chewiness and firmness scores. Despite this, however, there were large
deviations in the scores of individual panellists for all sensory characteristics.
This indicates the subjectivity of sensory analysis of meat quality and the need
for large panels and considerable replication to obtain a reliable result with
sufficient sensitivity to distinguish meat handling effects. Sensory analysis of
the meat is therefore labour intensive, time consuming and costly.
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Ultrasonic velocity and attenuation were measured in beef striploins at 25ºC
with their fibres aligned either parallel with or perpendicular to the direction
of the acoustical wave using the procedure illustrated in Figures 1, 2 and 5.
The measurements were taken over the ageing period of 0 to 14 days post-
mortem at several time points each day to give a full picture of the changes in
structure and acoustical parameters (Figure 8). The acoustical velocity and
attenuation measured at 6 different frequencies reached a peak after
approximately 10 days of ageing and the difference in these parameters due
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Figure 8:  Correlation between anisotropy of ultrasonic velocity (Uper – Upar, difference     
perpendicular to the direction of propagation of the ultrasonic wave) and sensory proper-
measurements.
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to fibre orientation (anisotropy) reached a maximum at about day 6. After
about day 10 the acoustical parameters declined and the anisotropy was found
to be negligible. This was taken to indicate the completion of the structural
reorganisation within the meat samples. Also the ultrasonic velocity appeared
to be more sensitive to the ageing process, in comparison with the ultrasonic
attenuation, which seemed to be subject to more noise.

e     in ultrasonic velocity between samples with fibres parallel and samples with fibres
r- ties of meat samples as determined by a taste panel score and shear force
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Overall there was a good relationship between the sensory properties and the
anisotropy of ultrasonic velocity (Figure 9). This relationship resulted from
the high sensitivity of the ultrasonic velocity to the changes in the structure
of the meat that affects its sensory properties. Therefore ultrasonic velocity is
a good indicator of meat eating quality and hence could be used for the
objective characterisation of the changes in meat eating quality over time.

To complete the acoustical analysis, the acoustical parameters of 2 muscles
with different connective tissue content (L. dorsi and semimembranosus) from
10 animals were measured. The acoustical results were compared with
sensory characteristics determined by standard methods). The same
qualitative relationship between the acoustical parameters and meat eating
quality was observed. This relationship was less strong than that found for the
changes in acoustical and sensory parameters with ageing probably due to the
narrower range of eating quality in these samples. However, this relationship
was comparable to that determined between the different sensory properties
and instrumental texture measurement (Warner-Bratzler shear force).
Therefore, the measurement of these acoustical parameters is considered to
have potential as a method of evaluating the eating quality of meat.
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CONCLUSIONS

● A new acoustic resonance technique has been demonstrated to have
potential for measuring the composition and eating quality of meat.

● The acoustical velocity and attenuation of meat emulsions are closely
related to their fat and protein contents.

● The acoustic velocity is more sensitive to structural differences in meat
than is the acoustic attenuation.

● Fibre orientation has an effect on the acoustical velocity and
attenuation of meat samples. This anisotropy is dependent on meat
temperature and meat structure 

● The anisotropy of ultrasonic velocity has a good relationship with eating
quality.

RECOMMENDATIONS TO INDUSTRY

The potential of a new technique for the measurement of composition and
texture of small samples of meat and meat emulsions was demonstrated.
Further development and validation is needed before the technique could be
exploited commercially. A follow-on project to develop the technology to the
stage of prototypes is planned.

Another recently completed project attempted to identify physical and
chemical indicators that could be used to predict tenderness. This Research
Report, entitled “Predicting the eating quality of meat” (The National Food
Centre, 2001), should be read be anyone in the industry concerned with meat
eating quality and its measurement or prediction. That report lists the routine
methods of measuring meat quality that are currently available to the
industry. The main method is to monitor the pH and temperature in the early
post mortem period, though electrical conductivity and impedance
measurements also give useful information about structural changes in meat.
A rapid ELISA method was developed in that project that can track the
structural changes in meat during ageing and could be used to predict the final
tenderness. Other technologies, such as autofluorescence and NMR, which
have been investigated by others, are also briefly discussed.
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