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Anderungen in der Ultraschalldampfung bei Fleisch wahrend des Gefrierens

CHRISTOPHER A. MILES and DONALD SHORE

Agricultural Research Council, Meat Research Institute, Bristol BS18 7DY, United Kingdom

Wir haben friiher bewiesen, dag die Ultraschallgeschwindigkeit, die bei Eis groger ist als bei Wasser, angewendet
werden kann, um den Prozentsatz von Eis im Gefrierfleisch zu bestimmen. Wir haben jetzt festgestellt, dag

die Ultraschalldampfung, die bisher im Gefrierfleisch nicht gemessen wurde, im Bereich des Ausgangsgefrier-
Punkts erheblich steigt und im abgetauten Produkt auf einen viel kleineren Wert sinkt. Messungen im
Temperaturbereich -20%C bis +40°C bei Frequenzen zwischen 0, 5 und 8 MHz haben erwiesen, dag die Form der
Frequenzabhingigkeit des Dampfungsgrads bei Frisch- und Gefrierfleisch ahnlich ist; der Dampfungsgrad ist

aber beim letzteren hoher.

Changes in the attenuation of ultrasound in meat during freezing

CHRISTOPHER A. MILES and DONALD SHORE

Agricultural Research Council, Meat Research Institute, Bristol, BS18 7DY, United Kingdom

We have shown previously that the velocity of ultrasound, which is greater in ice than it is in water, can
be used to estimate the proportion of ice in frozen meat. We now report that the attenuation of
Ultrasound, which has not previously been measured in frozen meat, increases markedly in the region of the
Tnitial freezing point and drops to a much lower value in the unfrozen product. Measurements over the
temperature range -20°C to +40°C, at frequencies ranging from 0.5 to 8 MHz, showed that the form of the
f"‘Equency dependence of the attenuation coefficient was similar in fresh and frozen meat but that the

Magnitude of the attenuation was higher in the latter.
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Changements de 1'atténuation de 1'ultrason dans la viande lors de sa congélation

CHRISTOPHER A. MILES and DONALD SHORE

Agricultural Research Council, Meat Research Institute, Bristol, BS18 7DY, United Kingdom

Nous avons déja démontré que la vitesse de 1'ultrason, laquelle est plus élevée dans la glace que dans
1'eau, peut servir & estimer la proportion de glace dans la viande congelée. Nous pouvons maintenant
constater que 1'atténuation de 1'ultrason, qui n'a pas été mesurée avant dans la viande congelée, augmente
sensiblement prés du point initial de congélation et tombe & un niveau beaucoup plus bas dans le produit
non congelé. Des mesures dans la gamme de températures de -20° & +40°C a des fréquences allant de 0, 5 @
8 MHz ont démontré que la forme de 1a dépendance de fréquence du coefficient d'atténuation a été semblable

dans la viande fraiche et la viande congelée, mais que la grandeur de 1'atténuation a été plus élevée dans

la viande congelée.
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Changes in the attenuation of ultrasound in meat during freezing

CHRISTOPHER A. MILES and DONALD SHORE
Agricultural Research Council, Meat Research Institute, Bristol, BS18 7DY, United Kingdom

Introduction

We have shown previously that the velocity of ultrasound in unfrozen meat changes og]y slightly with tempera-
ture but that at the onset of freezing the velocity increases rapidly so that at -5°C, at which temperature
foods such as meat are generally regarded as substantially frozen (Reay, Banks and Cutting, 1950), the velocity
has increased by about 70% of its unfrozen value and at -20°C the velocity is roughly double that at e

(Miles and Cutting, 1974).

The attenuation of ultrasound has not been measured previously in frozen tissue and in this paper we give a
Preliminary description of the development of a practical method of measuring it in frozen meat and report how
1t is affected by the temperature of the product and the frequency of the radiation. We intend to publish a
ull report elsewhere.

Materials and Methods

Measurements of attenuation Measurements were made using the buffer rod apparatus shown in Fig.1. Discs of
Piezeolectric ceramic, type PZT5A obtained from Vernitron Ltd., Southampton, U.K., were used to generate ultra-
Sound. Ceramics, resonating (nominally) at 1, 2, 4 and 6 MHz, were mounted centrally on accurately ground
hard crown glass cylinders, 5 cm in diameter, using electrically conducting cement as shown in Fig.1.  Perspex
?Uffer rods were used at 500 kHz and all rods were made long enough to ensure that the sample was irradiated

n the Fraunhofer zone (Wells, 1977) of the ultrasonic beam.

To take measurements a sample was sandwiched between two buffer rods, which were accurately aligned and which
Carried transducers of theosame nominal frequency, mounted in opposgtion (Fig.1).  The temperature was
controlled to within #0.1°C at any level in the range -20°C to +40°C by pumping fluid through a cylindrical
€nclosure which surrounded the sample and also served to align the buffer rods. The temperature of the sample
Was monitored with a thermocouple.

Generation and reception of the electrical signals was accomplished using the arrangement shown in Fig.2. A

ransmitter applied an electrical pulse across one of the ceramics (x) at a repetition frequency of approxi-

Mately 1 kHz, inducing the emission of short pulses of ultrasound into the buffer rod. When the pulse reached
the interface between the buffer rod and the

sample part of its energy was reflected, to be
(7 5 n SOCKET CENTRAL returned as an echo to the transmitter, and
‘ GROUNE \ b part was transmitted (Fig.3) to be attenuated in
rDjiE:IL ,} comectony P the sample. Further loss occurred when the
|l S e 3 attenuated pulse was reflected at the second

CERAMIC X

sample/buffer interface and only part was trans-
ciecrmones. | Mitted to be received by the receiving ceramic
(Fig.3). This signal was displayed and its
amplitude (Ts)y measured on an oscilloscope
together with the first echo (Rs)y on the trans-
e B mitter Tine. The process was repeated using the
ENLARGED & other ceramic (y) as transmitter which gave trans-
SECTION. mitted and reflected amplitudes of (Ts)y and (Rs)y
respectively.
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Fig.1. Apparatus for measuring the attenuation

of ultrasound in frozen muscle
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The whole procedure was repeated with the sample
replaced by the same depth (d) of a reference
1iquid of known properties, either water or ethyl
alcohol. This yielded four more values (Tc)ys
(Tc)y, (Rc)x and (Rc)y. These data allowed a
comparison between the attenuation coefficients of
the sample (as), and reference liquid (ac):
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Fig.2. Arrangement for generating and receiving

electrical signals
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Y
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A A: transmitter

4 Temperature
controlled cell
A B

+——— __ Piezoelectric

B: oscilloscope

A ceramic.
C < C: amplifier, if necessary
Received
signal.
21-22 where Z.I = the acoustic impedance or the buffer rod
and r. = ’
£ Z1+Z2 and Z2 = the acoustic impedance of the reference liquid

Since the attenuation coefficients of water and ethyl alcohol at frequencies up to 8 MHz are much smaller than
those of tissue, their contribution in equation (1) is negligible compared with the other terms.

Origin of samples

A1l muscles were M. semitendinosus dissected from beef sides that had hung for a few days in a chill room 3%
+2°C.  Following excision, the muscles were kept at +1°C in polythene bags for a short period until require 4
In some instancea it was necessary to store muscles for a week or more, in which case they were vacuum pac

and stored at +1°C.

BUFFER ROD SAMPLE BUFFER ROD

\——:> Fig.3. The progress of an ultrasonic pulse from

transmitter to receiver. At each inter-

R face part of the energy is reflected and
.

part transmitted

Chemical Analysis

200 g of each muscle was trimmed of any external fat cover, comminuted, freeze-dried and the extractab1€ fat
content measured by a standard method (Hanson, 1973), Soxhlet extraction with 40° to 600 petroleum spirit-

Effect of temperature
fibre

The attenuation in four muscles held at temperatures in the range -20°C to +40°C was measured along the MH;
using a Krautkramer USIP10W flaw detector as transmitter éFig.Z) and transducers nominally resonating at 215
The sample temperature was initially reduced to about -20°C and measurements made after equilibration at th
temperature and at set temperatures above.

Effect of frequency

A total of 11 musg1es were measured along the fibres at -ZOOC, OOC, +20°C and +40°C using transducers
nominally resonating at 500 kHz, 1, 2, 4 and 6 MHz. The excitation pulse was derived from a Tektronix
Function Generator, gated to give bursts of radio frequency sine waves at a repetition frequency of abou

FG502
t

1 kHz.  The radio frequency was set to within +500 Hz using a counter. Preliminary measurements determiveed
the frequency that gave an optimum response for a given transducer pair and useful readings were also 0

ptail
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at +10% of this. Having determined the frequency settings they were kept constant throughout the experiment.

Results
Effect of temperature

435
MUSCLE
e
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5 3= % ™ Fig.4. Attenuation and velocity of propagation
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<
10+ 35 Velocity in comminuted beef at a
nominal frequency of 2.5 MHz (data of
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At a centre frequency of_%.zs MHz the attenuation coefficient along the fibres of 4 frozen muscles at -20°C
"anged from 4 to 9 dB cm™!.  As the temperature was raised the attenuation increased at a rate that increased
g1th 1ncreas1ng_¥emperature until, in the region of -3 to -10C, each sample showed a marked maximum of between
4 and 35 dB cm~!.  From this value the g?tenuation fell steeply to a _relatively low and more slowly varying
evel in the thawed state: 1 to 3 dB cm ' over the range -0.5 to +37°C (Fig.4).

Table 1. The linear relation between the attenuation coefficient and the frequency of ultrasound
transmitted along the fibres of beef M.semitendinosus held at -20°C, 00C, 200C and +400C

Temperature
~ENpeErature A1l ]
(EE) Individual Muscles po:¥:§ =
Slope; dB/cm/MHz | 3.51 4.39 33 4.92 4.05
s (0.40)  (0.19) (0.17) (0.19) (0.18)
Correlation
coefficient 0.925 0.989 0.987 0.993 0.952
Slope; dB/cm/MHz | 1.45 1.83 2.59 2.02 1.44 2.76 1.88 2.01
" (0. 19) - (0513} <= (02) = =(0.07) (0.13) (0.28) (0.97) (0.09)
Correlation
coefficient 0.911 0.973 0.989 0.992 0.948 0.938 0.981 0.918
Slope; dB/cm/MHz | 1.03 Tie- 37 .33 1.29 1:25
= (0.05)  (0.05) (0.07) (0.08) (0.04)
Correlation
coefficient 0.952 0.991 0.970 0.988 0.971
Slope; dB/cm/MHz | 2.23 1.99 1.70 1.45 1.71 1.88 1.82
(0.27) (0.17) (0.18) (0.09) (0.14)  (0.09) (0.09)
40
Correlation
coefficient 0.928 0.960 0.952 0.991 0.970 0.988 0.928

Data in brackets are standard errors
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Effects of frequency

Graphs showed that the attenuation coefficient increased approximately linearly with frequency over the rangé
500 kHz to 8 MHz. Least squares linear regression analysis (Table 1) showed that at no temperature did any
sample have an intercept significantly different from zero, but there were significant differences between the
slopes of individual muscles (Table 1).

Discussion

The method described in this paper is particularly suitable for measuring highly attenuating and distortable
substances such as biological tissue, frozen in situ. A comparative rather than an absolute method, it
requires a knowledge of the attenuation and acoustic impedance of a reference 1iquid such as water or ethyl
alcohol. Basically the attenuation is calculated by substracting from the total loss, the measured losses
caused by the reflections at the glass/sample interfaces. By making a comparison with a reference 1iquid the
technique allows for such affects as beam spread, attenuation in the buffer rods and variations in the
sensitivity of the transmitting and receiving transducers at different frequencies.

The expedient of taking measurements with the beam travelling first in one and then in the other direction
provides for the fact that the interfaces between sample and buffer rods may not be ideal (under ideal

conditions r, = rys cf. equation 2). Irrespective of whether or not that condition holds, the attenuation i
the sample should”be independent of the direction of transmission of the ultrasonic beam and consequently:
2 2
EF =ara) L=t )
(Is), c - (Is)y g (3)
(Te) (4r)(1-r)) (Te), (TeryHr,)

Thus equation (3) provides a check on the accuracy of the measurements as they are taken.

It is interesting to consider the implications of the results of these investigations on the suggestions that
the velocity of ultrasound might be used to provide a quantitative estimate of the ice content of partially :
frozen muscle (Miles and Cutting, 1974; Miles, 1974) and a rough but rapid estimate of the fatness of mixturé
of fatty tissue and muscle held at a fixed temperature (Miles and Fursey, 1976). The potential for using
ultrasound transmission in commerce to interrogate meat structure or composition in thick products, such a5
commercial blocks of frozen boneless meat, is restricted fundamentally by the finite attenuation of the ultrd
sonic beam as it propagates through the product. The experiment showed that, at the frequency of the tests:
2.25 MHz, the attenuation in muscle peaks over a rather narrow temperature range near the transition
temperature (Fig.4). It follows that meat undergoing a process of freezing or thawing will attenuate an
ultrasonic beam substantially whenever there exists within it a substantial region of frozen tissue near the
transition temperature. This property itself might be useful in monitoring progress in freezing and thaw’"gk
The actual attenuation of a partially frozen block can be computed from the results of Fig.4 if the tempera!
distribution within the block is known and the choice of an appropriate frequency for measuring pulse trans!
times will rest on balancing the benefits of increased resolution at high frequencies against the increase 12
attenuation (Table 1) and consequent reduction in the depth of tissue that the ultrasonic beam will penetrat

In attempting to use measurements of the velocity of ultrasound transmission to estimate the fatness of frozef
mixtures of muscle and fatty tissue, the results of this investigation indicate that there will be a
considerable advantage in reducing the temperature of the product to as low a temperature as possible. Theit
results have shown that at -200C, for example, lean meat is considerably more transparent to ultrasound tha"its
is at -10°C.  The question of whether or not attenuation in the fat will significantly affect the issue aWé
measurements of the attenuation in fatty tissue.
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