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MANI PULATI ON OF MEAT QUALITY, PARTI CULARLY TENDERNESS
BY THE PROCESSCR
J.J. MACFARLANE, P.V. HARRIS, and WR SHORTHOSE

Sunmary

Meat tenderness, an attribute highly sought after by the consumer, is
directly affected by the treatment of the animal (or its carcass) imediately
before, during and after slaughter. This is a consequence of effects on the
course of post-nortemglycolysis and on the contraction of nuscle. Increase in
toughness of nuscle as a result of contraction reduces the effectiveness of the
traditional aging process for tenderizing meat. The devel opment of enzymes
specific in their action on various structural conponents of meat nmay further
increase the control of neat tenderness by the processor

I | NTRODUCT! ON

To the meat scientist, meat quality can be a rather ill-defined term
that covers any attribute of neat that is inportant when meat is traded or
consuned

In considering the processor's role with respect to neat quality, it is
apparent that an animal has inherent quality attributes when it arrives at an
abattoir. These vary according to the genetic characteristics of the aninal,
the condition under which it has grown, or its age. They include attributes
such as the conformation of the carcass, the fat cover, the degree of marbling
the relative amount and the structure of connective tissue in the nuscles. In
the generally brief time spent by the live animal at a works, changes in these
attributes would be relatively small. The processor sometimes can, and does
effect some changes in themafter the carcass has been dressed, e.g. by trinmng
of f excess fat, a procedure well recognized as being extrenely wastef ul

The retailer and the consumer nmay be concerned with some quality
attributes over which the processor usually Has little direct control, e.g. colour
and flavour. The word ' usually' is stressed because inportant exceptions occur
e.g. if processing conditions result in neat with a high ultimate pH  Such neat
is dark purplish in colour and has a rather bland flavour. But the only purpose
in producing meat is to sell it to consuners and therefore their requirements
are of paranount inportance. For themtenderness is considered to be one of the
nmost sought-after attributes

Since the finding by Locker (1960) that relaxed nuscles are nore tender
than partly contracted nuscles, the neat processors role has-assumed a new
significance in maintaining meat tenderness. Accordingly, it seems appropriate
to enphasize this aspect of meat quality and to review some of the ways in which
it can be influenced or manipulated by the processor. For this purpose the
processing operation has been divided into three tine periods, nanmely the pre-
slaughter, the pre-rigor and the post-rigor periods. However, nuch of the
i nportance of these periods stenms fromthe events that occur in the transformation
of nuscle into neat and their effect onits structural conponents. Therefore the
main features of the structure of nuscle and its conversion to neat are briefly
outlined here, followed by some coments on the measurenent of neat tenderness
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(@) Muscle and its Conversion to Mat

The cellular unit of muscle is the fibre, a long thin cell enclosed in
a nenbrane, the sarcolenma. The fibres are grouped into bundles bound by connective
tissue and the bundles are again held together by connective tissue to make a
nuscl e.

Wthin the fibres are the nyofibrils formed by interdigitating nyosin
and actin filanments as illustrated schematically in Figure 1. The actin filaments
are linked at their md-points; the material at this position is referred to as
the Z band. Contraction of nuscle is achieved by increasing the overlap of actin
and nyosin filaments as a result of the application of a suitable stimulus; when
a muscl e subsequently relaxes (after removal of the stimulus), overlap is decreased
again. If nyofibrils are viewed under a microscope, a repeat pattern can be seen
as a result of the differences between myosin filanents, actin filaments and z
bands. The repeat distance, usually neasured between adjacent Z bands, is referred
to as the sarconere length. Changes in the contraction state of nuscle can often
be conveniently fol |l owed by measuring changes in sarcomere |ength.
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Fig. 1. Schematic representation of the arrangement of myosin and actin
filaments in a muscle fibre.

Also within the fibre systemis the supply of energy for contraction.
This is carried to the nuscles by adenosine triphosphate (ATP) which is broken
down to provide energy for contraction. Energy for the resynthesis of ATP from
the breakdown products is provided by glycogen. @ ycogen can be broken down
either by an aerobic process to carbon dioxide and water or by an anaerobic
process to lactic acid. After the death of an animal, the latter process operates
and there is a decrease in pH the extent of which is generally deternined by
the glycogen present in the nuscle at the time of slaughter. The final pH attained
isreferred to as the ultimte pH (Callow, as reported in Lawie 1966).

Among factors that determne the tenderness of nmeat are the anpunt and the

structure of connective tissue, the state of contraction of the nyofibrils and the
ultimate pH of the nuscle.

220



(b)  Measurement of Tenderness

To investigate the influence of factors that affect tenderness, it is
necessary to be able to assess it. Since it is the tenderness of neat as
assessed during consunption that is of concern, the prine indication of
acceptability of, and changes in, texture has to be obtained fromtaste pane
assessments.  However, these are time consuming to carry out and require
relatively large quantities of sanple, and the nunmber of sanples that can be
tested inagiventime is limted by fatigue of panellists. Therefore, resort
is often made to objective nmeasurements of texture using various mechanica
devices, sone of which have been compared by Bouton and Harris (1972a). The
VMrner-Bratzler shear value, which is referred to in this paper, nmeasures force
required to pull a blunt knife through a sanple cut to standard di mensions
with the blade perpendicular to the fibres

A reliable means for predicting the tenderness of cooked nmeat fromsinple
non- destructive measurements on raw meat woul d be obviously useful to the neat
processor and to the research worker. H nnergardt and Tuony (1970) and Hansen (1972)
have investigated the relationship between the force required to push a multi-
pl unger probe into raw neat and the tenderness of the cooked product. Hansen has
patented a device for testing raw meat in order to determine how tender it wll
be upon cooking (U S. Patent Application No. 776,234). Hendrickson, Marsden and
Mrrison (1972) and Carpenter, Smith and Butler (1972) evaluated this device
referred to as the Armour "tenderometer", and found rather |ow correlations
between its ratings and assessments of the tenderness of the cooked nmeat. The
useful ness of this device to the meat processor for quality control and for
classifying meat according to tenderness is thought to be very limted

I, PRE- SLAUGHTER PERI CD

Bouton, Harris and Shorthose (1972) have denonstrated that the ultimte
pH of neat influences its mechanical properties. A change of ultimate nuscle pH
fromb5.7 to 6.8 resulted in about a four-fold decrease in Varner-Bratzler shear
val ues.

As nmentioned earlier, the amunt of glycogen present in a nuscle at the
time of death of an animal limts the decrease in pH post-nortem  Should the
gl ycogen reserves be depleted by some nmeans, e.g. excitation, activity unconpen-
sated by rest, shortage of food, or stress due to exposure to adverse weather
condi tions such as conbined wind, rain and cold, then a relatively high ultimte
pH can be anticipated. The nusculature of cattle is less susceptible than that
of pigs and sheep to *glycogen depletion by such factors, although fear is a mgjor
factor causing marked depletion of glycogen reserves in cattle (Lawie 1972)
There can be wide variations in the tenperanent of animals and therefore the
response within a group of animals to an external stinulus would be expected to
be variable, with a resultant increase in the variability of meat tenderness

Again, the body tenperature of an animal at the time of slaughter may be
hi gher than normal (about 40°C) due to prior exertion of the animal. This could
be inportant because, at 40°C, a small increase in tenperature can great 1y
accelerate the rate of decrease of pH (Marsh 1954). Therefore there woul d be a
tendency towards the occurrence of a |ow muscle pH while nuscle tenperature was
still high. This conbination of conditions is thought to be responsible for
the undesirable pale soft exudative condition of pork muscle and also for excessive
exudation of fluid frombeef cuts held for display (Briskey and Kauffman 1970)

It has been suggested by one of us (WRS) that the reasons for variability
inultimte nuscle pH between animals may on occasion arise fromrather subtle
causes.  For exanple, the ultimate pH of neat froma group of animals may vary in
a cyclic manner related to order of slaughter. This indicates the kind of pre-
slaughter factors that may need study to reduce variability of neat quality.
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1. PRE-RI GOR PER CD

Since the variability in tenderness introduced by post-slaughter factors
may be comparable with that caused by pre-slaughter factors, the former effects
need to be known and adequately controlled before definitive investigations
of pre-slaughter factors are possible.

(a) Miscle shortening

In practice, the effects of nuscle shortening on tenderness can be |arge
and, in our view, are likely to outweigh those due to other factors such as breed
and level of nutrition. Potentially tender meat can, if allowed to contract,
becone unacceptably tough.

Ldckyer and Hagyard (1963) reported that the shortening of nuscle from
a freshly slaughtered animal was influenced by its temperature. The tendency
of muscle to shorten appeared to be | east between 14 ‘%nd*19°Cwhere, in
unrestrained nuscle, it may only be about 10% At higher or |ower tenperatures,
the shortening of nuscle is referred to as rigor shortening or cold shortening
respectively.

The influence of nmuscle shortening on the toughness of meat after cooking
is illustrated in Figure 2. It can be seen that as sarconere |ength decreases
bel ow about 1.8um, there is a corresponding, rapid increase in toughness which
reaches a maxi num when sarconmeres are about 1.3 ym in length after which toughness
decreases again. Sarcomere lengths below 1.4 um are unlikely to be achieved in
nmuscles allowed to go into rigor on the carcass. Provided sarconere lengths are
greater than 1.8 um, tenderness is not markedly affected by contraction state.
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Fig. 2. Variation of cooked meat toughness with contraction state of muscle.

Sarcomere length in resting muscle: ca 2.2 um.
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Col d shortening is the nore pronounced the sooner muscle temperature is
| owered bel ow 10°C fol | owi ng slaughter of the animal. According to Scopes (1971),
there is little tendency for nuscle to cold shorten once the pH has fallen bel ow
6.3.  However Marsh, Woodhams and Leet (1968) found continued inprovenent in the
tenderness of lanb carcasses with increasing time of holding at 18-24° (up to
about 16 hours) before chilling. At 18-24°C, the pH of the nuscles would be
expected to be 6.3 or less within about 8 hours

Recommendations, made before the effects of cold shortening on tenderness
were appreciated, called for carcasses to be cooled as rapidly as possible after
slaughter (Anon. 1967), for the dual purpose of inhibiting mcrobial growth and
reduci ng evaporative weight loss fromthe carcass. The cooling rates suggested
woul d al nost certainly result in cold shortening of the nuscles on the outside
or in thinner regions (e.g. longissinmus dorsi) of even large carcasses, and
hence lead to | ess tender neat.

The effects of cold shortening in |arger carcasses are expected to be |ess
severe and in fact -nmuscles near the deep butt of beef may be effectively in rigor
before their tenmperature reaches 15°C. However, according to their depth bel ow
the surface of the carcass, nuscles may cold shorten or rigor shorten; the extent
of cold shortening will decrease with increasing depth and may be replaced by
rigor shortening at certain depths. Because in cold shortening nore tension is
devel oped in nuscle than in rigor shortening the effects of cold shortening are
expected to be more pronounced. The cuts nost susceptible to cold or rigor
shortening include the cube roll, strip loin, runp and topside

(b) Conditioning

In this process, carcasses are not cooled bel ow about 10°C until the
nuscles are set in rigor mortis, after which cooling can be rapid. Slow rates
of chilling need to be considered in relation to nicrobiological changes. For
exanpl e, pathogens such as sal nonel | a organi sms can grow on carcasses at
temperatures above 7°C. In practice, microbial growth on the surfaces of
carcasses can be controlled by maintaining the surface tissues in a relatively
dry state. In a conditioning process suggested for works in New Zeal and (Anon
1972), surface drying is achieved by maintaining a reduced humdity (SO-85%in
convection systens) throughout the conditioning period. Cbviously evaporative
wei ght | osses from carcasses result fromthis treatnent

(c) Altered posture

Anot her approach to the prevention of nuscle shortening is to restrain
muscl es physically until they are in rigor nortis. For most of the economically
i nportant nuscles this can conveniently be done while they are in the carcass
by arranging it in postures that approxi mate the standing position of the anim
(Herring, Cassens and Briskey 1965). This can be achieved sinply by suspending
the carcass not fromthe conventionally used Achilles tendon, but from the aitch
bone or pelvis, as first described by Hostetler et al. (1970). The new rmethod
has been evaluated at the Meat Research Laboratory (Baxter et al. 1972), and
its effectiveness is illustrated by the data presented in Table 1 which was
obtained froma trial carried out on 12 beef animals in a comrercial abattoir



TABLE 1

Mean Vrner-Bratzler shear values and sarconere |engths obtained for beef nuscles
renoved 2-3 days post-mortemfromsides subjected to different hanging treatnents

Treatments
Achilles tendon Aitch bone
Muscles suspension suspension
Shear value? Sarcomere Shear valuea Sarcomere
(kg) length (um) (kg) length (um)
Semimembranosus 8.4 1.70 5.1 2.76
Gluteus medius 8.0 1.68 4.0 2.39
Longissimus dorsi 11.1 1.80 5.7 2.00
Vastus lateralis 8.8 1.74 5.4 2.80
Biceps femoris 6.5 1.78 6.7 2.93
Semitendinosus 6.1 2.30 6.0 2.28
Psoas major 3.6 3.20 5.0 2.29

2 _ shear values of 0 - 4.6 indicate tender meat, 4.6 - 9.2 slightly tough and
> 9.2 tough meat.

Least significant differences (5% for the conparison of hanging treatments on

Longi ssinus dorsi 3.0; all other nuscles 1.6.

Sanpl es were cooked at 80°C for 1% hr.

It can be seen that for nost of the economcally inportant nuscles, aitch bone
suspension resulted in lewer shear val ues.

(d) Pressure treatnent

In the above discussion of the pre-rigor period, stress has been placed
on neans of avoiding shortening of nuscle because of the risk of increased
toughness. However from Figure 2 it can be seen that if nuscle is highly
contracted, to about 30%of its rest length, it is about as tender as 'relaxed

muscl e (Marsh and Leet 1966). It has proved difficult to shorten nuscle
consistently to this extent to take practical advantage of the effect on
tenderness. In seeking ways in which this mght be achieved, the effects of high

pressures on muscle have been studied (Micfarlane 1973). It has been found that
the tenderness of nost beef and sheep nuscles can be considerably inproved over
that obtained by conventional processing if, immediately after conpletion of the
dressing operations, the pre-ri gor nuscle is removed fromthe carcass and subjected
to a pressure of about 100 M\l/mg for 2-4 ninutes. |nmmediately after pressurization
the nuscle appears to be virtually in rigor and contracted to about 60%of its

rest length. Such a pressurizing process may provide a method for the rapid
processing and tenderizing of meat, although the treatnent appears to result in
some |oss of juiciness.

V. POST-RI GOR PERI OD
(a) Aging

Aging, or prolonged storage of neat at tenmperatures above its freezing
point, is a traditional method for inproving the tenderness of meat. Recent
investigations on the effect of aging on the ultrastructure of nuscle suggest that
the tenderizing effect operates primarily via the myofibrillar conponent of nuscle,
as a result of weakening at the junction of the actin filaments with the Z bands
(Davey and Dickson 1970). This view is consistent with the results of studies
by Bouton and Harris (1972b) on the changes of the mechanical properties of nuscle
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during aging. These authors found aging had negligible effect on connective

tissue strength but did reduce fibre strength. Therefore the benefit to be

obtained fromaging neat is linmted by the contribution of the connective tissue
conponent of nuscle to neat toughness. This linitation could account for at

least part of the between nuscle and between animal variability in the effectiveness
of aging treatnents

A factor of concern to the processor that can introduce variability into
the aging process is the influence of contraction state. It has been found that
the effectiveness of the aging treatment is decreased the nore contracted the
nuscle, to the extent that aging becomes ineffective on nuscle contracted to
the stage where it has near maxinmum toughness (Davey, Xuttel and G lbert 1967)

(b) Tenderi zers

Tenderization by the application of weak acids and salts, as for exanple
in cured neats, or by the use of enzyme preparations is accepted practice by neat
processors (Bratzler 1970). Proteol ytic enzymes such as papain, bronelin, and
ficin, provide an effective means of inproving the tenderness of meat by acting
to various extents on both connective tissue and fibrillar proteins. A nore
recent devel opment is the comercial use of ante-norteminjection of the enzyne
so it is distributed through tissue of the living animal by the vascular system
(Pritchard 1971).

“There is scope for the devel opment of enzymes that are specific in their
action on particular structures in nmeat. For exanple it is thought that the
formation of thermally stable internolecular cross-links in the collagen of
connective tissue is responsible for the toughness of neat from ol der animals
(Shi mokomeki, Elsden and Bailey 1972). Devel opment of an enzyme that is specific
for these cross-1inks might permt the processor to overconme toughness of ol d age
without affecting the possibly desirable textural characteristics of other
conponent s.

v.  CONCLUSI ON

The apparent sinplicity of the slaughtering process and the subsequent
preparation of meat is deceptive. Thi s may ‘account for the tendency of processors
to accept animals, slaughter them then process their nmeat with little regard
for the effect of ante- or post-nmortemhandling conditions on quality attributes
other than superficial appearance and perhaps m crobiol ogi cal acceptability.

In fact, a profound and conplicated process takes place in the slaughter-e
house - the conversion of nuscle into nmeat. The results of research during the
past decade have enphasized the inportance, and the potential inportance to neat
quality, of the events that occur during this change. These events are affected
by many factors including the immediate pre-slaughter handling procedures. A so
changes in themcan affect the response of meat to traditional processes such as
aging. Application of present know edge will help to reduce the variability in
the properties of corresponding cuts of meat fromsimlar animals, and further
resEarch shoul d | ead to new processing methods for the inprovenent of neat
quality.
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