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INTRODUCTION

Tenderness, an attribute resulting from the total effect of

muscle composition, aging before cooking, and changes in connec-

‘tive tissue and myofibrillar proteins during cooking, is the quality
of meat most desired by consumers {(Simmons and Rixson, 1975; Henrickson,
1978). Electrical stimulation and hot boning have been studied exten-
sively as methods of improving tenderness of skeletal muscle and of
reducing processing cost (Henrickson et al., 1974; Bendall et al.,
1976; Davey et al., 1976; Gilbert et al., 1977; Shaw and Walker, 1977;
Savell et al., 1978 a, b, c; Smith et al., 1978; Bouton et al., 1980
a, b; Elgasim et al., 1981; Ray et al., 1982). Electrical stimu-
lation, followed by hot boning, reduced chilling space and aging

time from 10 - 20 days to 2 days.(Gilbert et al., 1977).

Generally, bull meat is coarser, less tender, and drier than
steer meat (Henrickson, 1978). Hurst et al. (1975) reported that
young bull meat was leaner and had higher Warner-Bratzler shear
values than steer meat, but when other researchers (Klosterman
et al., 1954; Bailey et al., 1966; Field et al., 1966) compared
young bulls with steers for "overall acceptability," no differences
were observed.

Sensory and objective measurements are used to evaluate effects
of productisn and processing treatments on tenderness and texture
of roasts and steaks. Differences in the temperature from one area
to another in those cuts may affect sensory and objective measure-

ments, depending on the sampling plan. Machlik and Draudt (1963)

suggested using small pieces of muscle heated in a water bath ({model
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system) to obtain reproducible results in heat related studies. They
heated semitendinosus muscle cores in a water bath (50° - 90°C) and
abtained decreased shear values for cores heated at 568° - 60°C and at
71° - 75°C, which they attributed to the shrinkage (58° - 60°C) or
breakdown (71° - 75°) of collagen. Similar observations were reported
by Paul et al., (1973} and Penfield and Meyer (1975).

Brady and Penfield (1981) compared the effects of conventional
roasting of beef semitendinosus (ST) roasts with those of heating
small cores of ST muscle in a water bath on Instron textural charac-
teristics and on solubilization of hyroxyproline for two rates of
heating (93%ar 1¢9°C) and two end point temperature (60°or 70°C).

The slower rate of heating (930C) in the water bath resulted in greater
total cooking losses and a higher percentage of hydroxyproline soclubi-
lized than were obtained with conventional roastimg; with the faster
heating rate, no differences between cooking systems were found in
those measurements. No differences between cooking systems were found
with either heating rate for Instron measurements of penetration hard-
ness, cohesiveness, or chewiness, or for shear cohesiveness, or firm-
ness. They concluded that the cocking system had some influence on the
quality of the cooked meat.

We compared conventionally chilled or electrically stimulated -
hot boned bull adducter (AD) muscles, roasted to 7GOC, and small AD
strips heated in a model system to 70°C for cooking properties, sen-
sory tenderness and texture, Instron texture characteristics, and
percentage solubilized hydroxyproline. Relationships between sensory
tenderness and texture attributes and Instron texture measurements and

between those measurements and solubilized hydroxyproline were studied.



REVIEW OF LITERATURE
Model system as a tool for meat research

Roasts or steaks have been used in meat cookery research, but
large variations in heat penetration rates and the poor reproducibi-
lity of sensory and objective measurements have been observed with
large samples. According to Machlik and Draudt (1963) those short-
comings maybe overcome by using a model system to study the definitive
thermal effect on meat. Most model systems for coocking meat use small
pieces heated in a water bath. Details of the procedures of those
systems vary to obtain the objectives of the experiment.

" Winegarden et al. (1952) used a modél system to study the effects
of heating time (1, 2, 4, 16, or 64 min) and temperature (60° - 95°C at
5°C intervals) on the microscopic appearance and softening of connec-
tive tissues. They used samples of bovine ligamentum nuchae (princi-
pally elastin}, the deep flexor tendon (principally collagen), and the
aponeurotic sheet (varying amounts of collagen and elastin). Samples
were cut into strips of 2.1 cm with slightly varied thickness. Their
model system was a "thermostated" stainless steel bath with a 600-ml
beaker containing distilled water heated to and maintained at the
desired temperature. After the water in the beaker reached the temp-
erature for the test, connective tissues were heated in the beaker for
a definite time. No apparent change was observed in either colla-
genous or elastic tissue heated at 60° or 65°C for short times. With
heating at temperatures higher than 6506, rapid physical changes

occurred in collagenous tissue, but not in elastic tissue.



Machlik and Draudt (1963) used a constant temperature bath to
heat ST muscle cores (1.3 cm dia x 5.1 cm long) to study the effect
of heating time and temperature on shear value. Muscle cores were
heated from 50° - 70°C for 2 hrs, and from 70° - 90° for 5 hrs.
Marked decreases in shear values from those of the muscle heated to
50°C were obtained at 58° - 60°C and at 71° - 75°C, which they attri-
buted to the shrinkage of the collagenous tissues at 58° - 60°C and
to the breakdown of collagen at 712 - 75%,

To study the relationship between sensory and objective measure-
ments for tenderness of meat, Marsh et al. (1966) developed a model
system for cooking small samples (80 - 200 g) of bovine sterno-mandibu-
laris muscle. ©Samples were placed in polyethylene bags, which were
vacuum shrunk on the samples: the bags were sealed and immersed in an
8-liter glass tank containing water, and the samples were eguilibrated
at 30°C for one hour. After equilibration the thermostat was set
at 80°C and heating was continued for another hour or until samples
reached an internal temperature of B80SC. VTenderness of the cooked
samples was measured by a sensory panel and a tenderometer that recorded
a force penetration curve of a blunt brass wedge used to cleave the
samples. Sensory tenderness scores were correlated (r = 0.64** to
0.94 ***) yith the work required to cleave the samples.

To compare the length of the sarcomeres in the muscle fiber with
other predictors of beef tenderness, Howard and Judge (1968) used LD
muscle slices (5.1 em thick) cut parallel to muscle fibers. Slices
were cut into medial and lateral halves, and thermocouples were in-

serted into their centers. Slices were placed separately in Cryo-vac



bags, which were evacuated, sealed and heated in a constant tempera-

ture water bath to end point temperatures of 600, 640, 68°

, QT 72°C.
After the samples reached an internal temperature of 1°9C less than
that of the water bath, they were held in the water bath for another
12 min, then they were removed and stored at 4°C for 24 hr before
measurements for tenderness of the samples were made. Sarcomere length
was correlated (r = 0.54%* to 0.56**) with tenderness in the medial
muscle position for all end point temperature studied.

Laakkonen et al. (1970) developed a model system to study the re-
lationship between tenderness of beef cooked at extremely low tempera-
ture and its water holding capacity (WHC), pH, or water soluble compo-
nents. They used slices (2.5 em thick, 100 - 130 g) of ST, LD, or
rectus femoris (RF) beef muscles sealed in plastic bags and submerged
in a 30°C water bath. The temperature of the water bath was increased
at 0.1°C/min until the bath reached 60°C; that temperature was main-
tained for 10 hrs. Only minor changes in properties of the muscle
occurred during the first three hours of heating. Major decreases
in shear values and weight losses occurred in the next three hours
of heating when meat was in the 50° - 6dJC range. Gradual increase
in pH with heating was observed. A rapid decrease in the amount of
water solubles was observed during the fourth to sixth hours of
heating. Dubé et al. (1972) used a constant temperature bath similar
to that of Machlik and Draudt (1963) to study the relationship between
the sulfhydryl content of beef and objective measurements for tender-

ness (shear value, fiber sarcomere length).

Paul et al. (1973) studied the heat induced changes in the

extractability of collagen in beef ST and biceps femoris (BF) strips
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(2 x 2 x 7 cm) placed in 22 mm test tubes and heated to 587, 67°, 75°

s
or 82°C in a water bath. The water bath was programmed to follow the
heating curve of a ST roast cooked at 163°C. Increased collagen solu-
bilization occurred in both museles with increased end point tempera-
ture. Correlation was significant (r = -0.BD ** for ST, r = -0,55 *
for BF) between collagen sclubilization and penetrometer readings,

but between collagen solubilization and shear values, correlation was
significant for BF { -0.45 *)} only.

Penfield and Meyer (1975) studied the effect of heating rate
and end point temperature on the shear value and the percentage solu-
bilized hydroxyproline in ST strips cooked in model system. Muscle
strips (2.5 x 5.7 em) in 50-ml test tubes were cooked in a shaking
water bath at a rate simulating tﬁe heating curve for a Z-kg round
roast at 93°C (slow rate), or at 149°C(fast rate) to &00, 500, 600,
or 70°C. Results indicated that shear values decreased with increased
end point temperature; percentage solubilized hydroxyproline increased
with end point temperature for both slow and fast rates. Lower shear
force values and greater solubilized hydroxyproline were obtained in
strips heated at the slow rate than were abtained in those heated at
the fast rate.

Hearne et al. (1978) used the same model system, strip dimen-
sions, heating rates, and end point temperatures as those of Penfield
and Meyer (1975) to study the effects of heating on the shear force,
muscle fiber measurements, and cooking losses in bovine ST muscle.

They obtained greater coocking losses with the slow rate of heating

than they did with the fast rate. For both heating rates, Warner-
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Bratzler shear force values of cooked strips decreased when end point
temperature was increased from 40° to GDOC, but increased when end
point temperature was increased from 60° to 70°C. With the fast heat-
ing rate, increased end paint temperature increased muscle fiber disin-
tegration. Because muscle fiber disintegration was identified as a
predictor for tenderness, they suggested that there were other factors
opposing the tenderizing effect of increased muscle fiber disintegration.

Brady and Penfield (1981) compared the effects of two heating
rates (93° - slow, 149°C - fast), two heating systems (water bath, oven
roasting) and two end point temperatures (600, 70°C) on the Instron
textural characteristiecs and on solubilized hydroxyproline. ST strips
(2.5 x 5.7 cm) were heated at a rate simulating the heating curve of
a roast. Their results indicated that more solubilized hydroxyproline
occurred when strips or roasts were cooked at a slow rate to an end
point of 70°C than when they were cooked to an end point of 60°C. Also,
greater solubilized hydroxyproline was obtained in strips cooked in a
model system than in roasts cooked by oven rasting. Instron texture
measurements were neither affected by the heating rate nor by the heat-
ing system used.

McDowell et al.- (1982) compared Instron and sensory measurements
of top round roasts cooked by dry (oven roasting) or moist (oven film
bag) heat and strips (2 x 2.3 x 7 cm) from top round heated at a rate
simulating that of a 1.4 kg top round roast. They found that strips
had lower Instron values than any of the roasts. With sensory measure-
ments, strips were more like roasts cooked by dry heat than they were

like roasts cooked by moist heat.



Meat tenderization by electrical stimulation (ES)

Meats have been preserved mainly be refrigeration and freezing,
but the advent of fast freezing brought about serious complaints of cold
shortening, an induced myofibrillar contraction occurring mainly with
prerigor muscles (pH above 6.0) when subjected to near 0°C (Locker and
Hagyard, 1963). Consumers' demand for tender meat and the evidence that
cold shortening is a major cause of meat toughness led processors and
scientists to work jointly on methods to prevent cold shortening, in-
cluding ES.

Carcass ES is a process of tenderizing meat by applying electric
shocks immediately after animal is slaughtered or right after it is dressed.
Despite the fact that numerous studies have been‘conducted on the effects
of ES, its tenderization action still cannot be explained fully. Locker
et al. (1575), Bendall et al. (1976), Chrystall ad Hagyard (1976) attri-
buted the tenderization of ES to the prevention of cold shortening. They
postulated that when compared with unstimulated carcasses, ES caused an
accelerated glycolytic rate, which resulted in an increased depletion rate
of energy source (adenosine-triphosphate) and an increased rate of pH de-
cline.  The depletion of energy source for muscle contraction and the
lowering of pH in the muscle before the ES muscles reached the temperature
that induced cold shortening were believed to prevent cold shortening.
Savell et al. (1978b) attributed tenderization by E5 to the disruption of
myofibrils, resulting from massive muscle contraction. They based their
explanation on the histological appearance of both ES and unstimulated mus-
cles. Contracture bands similar to those formed in muscles by extremely

rapid post-mortem glycolysis or by physical disturbance such as pricking or



9
cutting of fibers at time of death were observed along the myofibrils

of ES muscles, but they were not present in unstimulated muscles.
Savell et al. (1977) and Moeller et al. (1976) suggested that tenderi-
zation was caused by the enhanced activity of the autolytic enzymes in
stimulated muscles. They postulated that the rapid decline in pH in

ES muscles coupled with the relatively high temperature of the muscle
caused the disruption of the lysosomal membranes, which resulted in the
release of hydrolytic enzymes, which subsequently promoted the aging

process and tenderization.

Conditions for applying electrical stimulation. The conditions

for applying ES have varied. Researchers in New Zealand used high vol-
tage (1600 L 3600 volts; 30 cycles/sec) and continuous shocks for 2

min {Davey et al., 1976; Gilbert and Davey, 1976; Chrystall and Hagyard,
1976; Gilbert et al., 1977). Researchers in the United States used

lower voltage (100 - 450 volts; 60 cycles/sec) with intermittent shocks
over a 60 sec period (Savell et al., 1976, 1977, 1978a, b, c; Smith et
al., 1979; Grusby et al., 1976; Ray et al., 1982). All of those authors
reported an accelerated rate of pH decline with subsequent tenderization
of meat in ES carcasses.

Bouton et al. (1978) pointed out that the use of high.voltage ES
presents a major safety problem, particularly in an abbatoir environ-
ment where strict safety precautions are essential. Shaw and Walker
(1977) found that high voltage was not necessary to accelerate glyco-

lysis; voltages in the range of 20 - 110 were as effective in accele-

rating 9lycelysis and rigor mortis as voltages of more than 1000.
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Bouton et al. (1980b) reported substantial reduction of pH in carcasses

stimulated at 1 hr post mortem with 1100 volts for 120 or 90 sec (10
msec pulse width, 14.3 pulses/sec) or with 110 volts for 90 sec (2 msec
pulse width, 40 pulses/sec) within an hour after stimulation, but not
with carcassesstimulated with 45 volts for 90 sec (10 msec pulse width,
14,3 pulses/sec). However, when ultimate pH values (after 22 hours)
were compared, the pH of low voltage (45 volts) stimulated carcasses
tended to be equal to the pH of the carcasses stimulated with higher
voltages. High voltage was superior to low voltage in preventing cold

shortening.

Time of applying electrical stimulation. Locker et al. (1975}

stated that the most benefit could be attained from ES by stimulating
the animal as soon as possible after slaughter. Generally, ES is
administered after the dressing process and within 40 - 60 min post
mortem (Davey et al., 1976; Gilbert and Davey, 1976; Gilbert et al.,
1977; Savell et al., 1976, 1977, 1978a, b, 5 Shaw and Walker, 1977;
Cross et al., 1979; Bouton et al., 1978, 1980a, b; Elgesim et al.,
1981; Taylor and Marshall, 1981; Ray et al., 1982).

Bendall et al. (1976) compared the effects of ES on undressed
beef carcasses immediately after slaughter with the effects on dressed
carcasses, 50 min post mortem. Similar rates of pH decline were ob-
tained for cacasses stimulated immediately or 50 min after slaughter.
They stated that the time at which carcasses should be stimulated is
a matter of convenience. The effectiveness of ES in tenderizing meat
remains as long as application is not delayed beyond 60 min; its ef;

fectiveness falls rapidly after 60 min post mortem.
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Effect of electrical stimulation on bovine raw muscle "quality."

Results of many studies conducted at Texas A & M University indicated
that ES has no negative effects on raw muscle color, pH, or carcass
shape (Smith et al., 1977). Grusby et al. (1976) reported that ES did
not affect the USDA color scores for US Standard or US Good Grade beef
carcasses. 1hey alsc observed that ES did not produce heat rings.
Heat rings are non uniform color formation caused by different rates
of chilling within a carcass with an elevated pH (Savell et al., 1978c).
Savell et al. (197Ba, c) and Cross et al. (1979) found that ES bright-
ened the red color and reduced the incidence of heat rings in beef.

No change in color of lean in ES carcasses was observed by Smith et
al. (1979).

Cooking and eating quality. The rate of pH fall or the ultimate

pH in postmortem muscle can affect the quality of meat in several ways.
Bouton et al. (1971) reported that pH affects the WHC of meat, which

in turn affects the thawing and cooking losses from meat. Savell et
al. (197Ba) obtained greater cooking and thawing losses in stimulated
muscle than in unstimulated muscle, which they attributed to the pH-
temperature relationship, which caused a reduction in WHC of and physi-
cal disruption of myofibrils in stimulated muscle. That led to greater
moisture loss {(cooking and thawing loss) from stimulated muscle. Like-
wise, Bouton et al. (1980b) reported that cooking losses for muscles
taken from carcasses stimulated with high voltage (1100 volts) were
greater (P < 0.05) than those from unstimulated carcasses. With muscles
obtained from carcasses stimulated with low voltages (110 and 45 volts),

no differences for cooking losses between stimulated and unstimulated
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muscles were obtained. Similar findings were reported by Savell et
al. (1978a) and Smith et al. (1979).

According to Davey et al. {1976), the eating quality of meat
that most likely would be affected by ES is tenderness. Higher tender-
ness scores and lower shear force values were obtained by 5avell et al.
(1977), Cross et al. (1979), Bouton et al. (1980a, b), Taylor and
Marshall (1980) for ES muscles than for those obtained for unstimulated
muscles.

Because ES may affect the WHC of the muscle, other sensory attri-
butes likely to be affected are juiciness and firmness. Savell et al.
(1978b), Bouton etAal. (1980b) reported that steaks from stimulated
carcass sides were less juicy than steaks fraom unstimulated sides; the
rating of juiciness parallelled the cooking losses. In contrast, Cross
et al. (1979) found that steaks from ES beef sides were juicier (P < 0.05)
than those from unstimulated sides. Savell et al. (1976) found no dif-
ferences in juiciness scores for meat from the stimulated and the un-
stimulated sides of beef carcasses. Firmness and texture of both aged
and unaged muscles from stimulated sides were not different from those

of unstimulated sides (Gilbert and Davey, 1976).

Hot boning (HB)

Hot boning, also known as pre-rigor excision, hot processing,
high temperature processing, accelerated or rapid processing, or pre-
chill processing is the process of cutting the carcass into muscle
components soon after slaughter and normally before rigor mortis deve-

lops. Traditionally, primal cuts have been excised from carcass sides
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after the muscles have entered and passed through rigor mortis during

the chilling process. Carcasses are chilled normally at -42 to 0°C for
24 hr to dissipate excess heat and moisture of newly slaughtered ani-
mals. Thereafter, carcasses are chilled at 0% to 3°C until fabricated
(Locker et al., 1975; Forrest et al., 1975). For conventional chilling,
carcasses are fabricated or cold boned after carcasses passed through
rigor mortis.

To save refrigerated space and energy consumption, hot boning of
carcasses was introduced. Henrickson et al. (1974) found that by re-
moving waste fat and bone before chilling, chilling space was reduced
by 30 to 35 %. Furthermore, they stated that boneless meat had a
faster cooling rate than that of intact carcasses. Gilbert and Davey
(1976) suggested that boneless meat could be boxed and automatedly
handled during the chilling and freezing processes. Nason (1979)
estimated that 42 % of the energy requirements for cold processing
is saved with HB of meat.

The major hazard in HB is the cold shortening of unrestrained
muscles during the onset of rigor mortis, so beef should be kept in
the temperature range of 14° - 19°C to minimize cold shortening,
Locker and Hagyard, (1963). To prevent weight loss and contamination,
packaging usually is included in the boning process. Schmidt and
Gilbert (1970) reported that vacuum packing of HB muscles in Cryo-vac
bags retarded microbial growth.

Schmidt and Gilbert (1970) evaluated the sensory qualities of
pre-rigor excised beef. Primal cuts were excised at 2 hr post mortem,

chilled for 22 hr at 9DC, and aged for 24 or 48 hr at 15°C. Mean
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shear values for pre-rigor excised S5M and ST muscles stored for either
24 or 48 hr were higher than those obtained for the cold boned control
muscles. However, sensory tenderness scores indicated that pre-rigor
excised muscles were as "acceptable" as the control muscles.

Schmidt and Keman (1974) compared the qualities of eight HB
(1 hr post mortem) muscles with their cold boned (after 8 days storage
at 1°C) counterparts. HB muscles were conditioned at 7°C for 4 hr
after boning, then chilled overnight at 108, vacuum packed, and aged
for 7 days at 1°C. Larger (P < 0.01) fiber diameter was obtained for
HB muscles, but no differences in shear value, flavor, juiciness, ten-
derness, or "overall acceptability" were noted between the hot and cold
borned muscles.

Kastner et al. (1973) compared the qualities of muscle excised
at 2, 5, or 8 hr post mortem (stored at 16°C) with CC (2°C) beef muscles
(boned 48 hrs post mortém). Less tender meat was obtained for HB musles
removed at 2 (P < 0.05) or at 5 hr (P < 0.10) than for CC muscles,
but no difference in tenderness was obtained for muscles HB after 8 hr
holding. Flavor was not different for any holding periocd.

Kastner et al. (1976) compared measurements for tenderness of
LD bovine muscle conditioned in intact half carcasses at 16°C and ex-
cised at 6, 8, or 10 hr post mortem with bovine LD muscle chilled at
2°C and excised at 48 hr post mortem. Hot and cold boned muscles did
not differ in shear value, myofibrillar protein extractability, or
sarcomere length. Higher mean diameter (P < 0.10) and mean fiber
kinkiness (P< 0.01) were observed for muscles HB after 6 hr holding

than for cold boped muscles. Conditioning intact half carcasses at



15
16°C and boning LD muscles after 8 hr of holding produced meat of

"acceptable" tenderness.

Ray et al. (1982) obtained less (P < 0.01) tender meat from
SM and ST muscles that were HB 1 hr post mortem than that from muscles
that were cold boned 7 days after slaughter. Taylor et al. (1981) re-
ported no difference between HB beef primal joints (conditioned 3 hr
at 15°C before chilling) and cold boned (24 hr post mortem) beef pri-
mal joints for tenderness, juiciness, or Instron texture measurements.

Kastner et al. (1973) reported that cooking loss was not differ-
ent between cold and hot boned meat conditioned at 16°C for 2, 5or B
hr before HB. Taylor et al. (1981) obtained less (P < 0.01) evapora-
tive loss and slightly less drip loss from uncooked HB primal beef
joints conditioned at 15°C and allowed to go into rigor mortis than
from those that were cold boned. Ray et al. (1982} found that hot
boned SM and ST muscles heated to 63°C cooked (72 min/kg) faster

(P < 0.01) than cold boned muscles (%5 min/kg).
Electrical stimulation-hot boning (ESHB)

Gilbert and Davey (1976), Davey et al. (1976), and Gilbert et
al. (1977) found that with E5 of beef carcasses, fast chilling rates
sufficient to reduce deep tissue to below 8°C in 24 hr could be tole-
rated without cold shortening, because rigor developed within 5 hr.
That finding led to the development of an ESHB process, which speeds
up the processing time in addition to reducing the chilling space and
. operational cost (Gilbert and Davey, 1976).

Gillis and Henrickson (1969) showed that pre-rigor excised

muscles allowed to freely contract were less (P < 0.05) tender than
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muscles restrained during the development of rigor or excised post
rigor; as muscle contraction increased, tenderness decreased. Gilbert
and Davey (1976) compared the sensory qualities of ESHB bovine muscles
with thase of cold boned (24 hr after slaughter) muscles. Stimulated
sides of the bovine carcass were boned 5 hr after slaughter. LD, BF,
SM, and psoas major (PM) were divided into halves; each half was vacuum
packed separately, and one-half of each muscle was aged at 10°C for 72
hr; the other half was frozen and stored at -18°C. Similar treatment
was given to the 24 hr chilled, cold boned counterparts. Sensory eva-
luation indicated that tenderness, juiciness, and "general acceptability"
of the ESHB cuts were as "acceptable" as the unstimulated cuts; ESHB
cuts improved further with aging.

Gilbert et al. (1977) compared tenderometer and sensory measure-
ments for LD, BF, SM, and PM muscles boned 24 hr post mortem with ESHB
2 hr post mortem muscles. ESHB muscles were divided into halves and
gach half was vacuum packed separately, then stored in two boxes, with
lids. One box was aged at 5°C for 46 hr, the other box was frozen at
-35°C. Unstimulated muscles were chilled; cut in half, vacuum packaged,
and cartoned in two groups, with one group frozen at -35°C and the other
group aged at 10°C for 65 hr. Unstimulated, unaged cuts all were tougher
and less uniform in tenderness than their stimulated counterparts. 5ti-
mulation greatly reduced the vulnerability of cuts to cold shortening,
despite early boning and rapid freezing. Aging the ESHB muscles be-
fore freezing produced a uniform degree of tenderness.

Taylor et al. (1981) compared cooking losses and eating quality

assessments (objective and subjective) for meat subjected to the two
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HB processes used to produce vacuum packed primal beef joints with the
same measurements for meat given the cold boning process (24 hr post
mortem). HB (1 to 2 hr post mortem) beef primal joints were condi-
tioned for 3 hr at 15°C, then chilled at 10°C for 9 hr, then trans-
ferred to a chiller at 1°C for 18 hr before freezing or they were ES,
chilled at 10°C for 24 hr, then frozen. Slightly more evaporative and
drip losses were obtained from ESHB muscles than from unstimulated HB
muscle, but losses were slightly less when compared with cold boned
muscles. Tenderness, juiciness, Instron texture, color, pH, and sar-
comere length measurements were similar for all three boning processes.

Ray et al. (1982) reported that ESHB bull or steer ST and SM

muscles cooked pre-rigor were rated less (P < 0.01) tender and had
higher (P < 0.01) Warner-Bratzler shear values than the unstimulated
CC (7 days at 2°c) muscles. Furthermore, ESHB muscles produced greater
(P < 0.01) cooking yield and required less time (P < 0.01) to reach an

internal temperature of 63°C than did the unstimulated CC muscles.

Methods of evaluating tenderness

Consumers are the ultimate evaluators of cooked beef tenderness.
All other measurements, chemical, physieal, or histological, are assessed
by how well they correlate with sensory evaluation. Campbell et al.
(1979) stated that prerequisite to all quality attribute evaluation is
the careful control of the sample preparation. They also pointed out
that only when conditions of preparation are carefully controlled and

defined can differences in quality be attributed to known variables.
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Sensary evaluation. The choice of the method used for sensory

evaluation depends on the purpose of the test. Larmond and Petrosavits
(1972) used a paired comparison test as an alternative to correlation
coefficients to study the relationship between objective and sensory
measurements of tenderness. They found that a sensory panel's evalu-
ation for beef tenderness was influenced more by Instron "shear cohe-
siveness" than by Instron "firmness" values. A disadvantage to the
paired comparison test is that it can not give an absolute tenderness
assessment of the sample; the value given to each sample is relative
only to that of the other sample with which it is compared (Larmond,
1976).

A method commonly used for meat tenderness evaluation is numeri-
cal scoring, where a numerical scbre with a descriptive term is assigned
to each sample. The score is based on the assumption that each score
has the same meaning or sensation to each judge (Harries et al., 1972;
Larmond, 1976).

To help the judge standardize his procedures for evaluating
tenderness, Harrison et al. (1949) used the chew count method to help
each panelist standardize his scoring from session-to-session. The
number of "chews" necessary to thoroughly masticate a certain size
piece of meat is counted. Szczesniak and Torgeson (1965) pointed out
that people tend to chew with greater force when meat is tough than
when it is tender. To check bias judgement, chew count should be used
only as a guide in setting the panelist's chew range for a given score
(Harrison et al., 1949).

Because tenderness is not a single property, but a composite of






















































































































































































































































































































































