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Chapter I
GENERAL INTRODUCTION

The current predominant industry practice of chilling beef carcasses
before processing was initiated after the development of refrigeration.
Traditional meat chilling, begun after carcass dressing, retards microbial
activity and firms fat and lean for subsequent grading and fabrication.
Chilled carcasses may be shipped as quarters or "centrally processed"
into primals, subprimals or even retail cuts before boxing and shipping.
Currently, the beef industry transports most meat as vacuum packaged,
boxed primals and subprimals. Boxed beef is more economically feasible
than quartered beef as it decreases transportation costs and increases
shelf 1ife. At the retail level, boxed or carcass beef is further
processed into retail cuts. Excess bone and fat are then removed and
processed, usually by rendering (Kastner, 1982b).

Hot processing of meat is not a recent development. Before
refrigeration was developed, countries in hot and temperate climates
hot-processed meat. Even today, some areas of the world lack refrig-
eration for meat processing facilities and must practice hot processing.
The original justification for hot-processing systems was reduction in
refrigeration energy requirements since excess bone and fat were not
chilled on the carcass. However, studies have shown other advantages

of hot processing (Kastner, 1977; Cuthbertson, 1979; Erickson et al.,
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1980). With renewed interest in hot processing, a variety of descriptive
terms have been coined: hot boning, pre-rigor excision, hot cutting,
accelerated processing and high temperature processing. All refer to
the practice of removal, and possible further processing of individual
muscles or muscle systems from carcasses before conventional chilling.
The meat may be pre- or post-rigor, depending on the biochemical state
of the muscle upon excision (Kastner, 1982a).

Muscle processed in the pre-rigor state can be tough due to detach-
ment from skeletal restraints and/or more rapid chilling of the muscle
(Schmidt and Gilbert, 1970), Locker (1960) reported sudden shortening
upon muscle excision and further slower shortening upon rigor development
in pre-rigor excised muscles. The degree of muscle shortening influenced
toughness. Ramsbottom and Strandine (1949) reported beef boned at 2 hr
postmortem and chilled as tougher than beef chilled as carcasses. Tem-
perature exerts an influence on the degree of shortening of pre-rigor
excised muscles. Minimal muscle fiber shortening occurs in the tempera-
ture range of 14 to 19°C. At colder temperatures (less than 14°C),
muscles shorten more; at 0°C, muscle shortening of as much as 50% of
the resting length can occur. Cold shortening describes the additional
fiber length decrease occurring at temperatures below 14°C (Locker and
Hagyard, 1963). Additionally, shortening reduces the effectiveness of
aging (Davey et al., 1967).

Electrical stimulation soon after slaughter reduces the effects
of pre-rigor excision and cold shortening in muscle. This postmortem
processing practice accelerates glycolysis and the onset of rigor

mortis (Carse, 1973; Davey et al., 1976). Additionally, electrical
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stimulation may have other modes of tenderization besides the preventicn
of cold shortening. Increased physical disruption of tissue, increased
lysosomal enzyme activity and decreased thermal shrinkage temperature
of beef connective tissue have been proposed to occur in electrically
stimulated meat (Dutson et al., 1980; Savell et al., 1978a; Judge et al.,
1980). Using electrical stimulation in combination with hot boning
should allow for earlier boning, since the rate of rigor mortis onset
is accelerated. Electrical stimulation may eliminate some tenderness
problems associated with cutting and rapid chilling or freezing of hot
processed muscle (Kastner, 1982a).

The objective of the study, as described in Chapter III, was to
evaluate the palatability and cooking loss attributes of semimembranosus
samples from electrically stimulated and hot-boned young bull carcasses

when those muscles were subjected to two chilling conditions.



Chapter II

GENERAL LITERATURE REVIEW

Hot Boning

Hot boning (HB) implies that carcasses are processed soon after
slaughter and before conventional chilling. HB systems fit well into
the current concept of centralized processing and boxed beef marketing
(Erickson et al., 1980). Several researchers have outlined potential
economic advantages and disadvantages of HB (Henrickson, 1975: Kastner,
1977; Dvorak, 1979; Cuthbertson, 1979; Erickson et al., 1980; Henrickson,
1981).

Renewed interest in HB has been spurred by increasing energy costs
and pressure for energy conservation. The meat industry is one of the
largest consumers of energy. Henrickson (1975) estimated that HB of a
600 1b. Choice beef carcass could result in 30% reduction in energy
requirements per carcass and 78% refrigerated space saving when compared
to conventional beef processing. Erickson et al. (1980) found similar
energy reductions (32%) with HB and attributed a significant part of
the savings to removal of the shroud load with hot boning. HB also
reduces the amount of product that must be chilled because excess fat
and bone are removed. An in-plant study has reported overall space
savings of 50% (Dvorak, 1979). Buchter (1982), in a cooperative study

with a Danish meat plant, reported an estimated 50% reduction in

4



chilling room space. Additionally, the plant was able to utilize
chillers in rooms with lower ceilings for chilling, because carcasses
did not have to be accommodated.

Henrickson (1981) reported one source of energy savings for the
meat industry as reduced transportation costs for HB beef as compared
with beef carcasses. These savings are realized with both hot-boned
and conventionally centralized processed boxed beef. However, more
savings are possible with HB beef since only muscle and 1ittle fat is
transported, and the conventional centralized processed beef comparison
included bone plus non-trimmable fat.

Hot boning may reduce labor, material and equipment costs (Kastner,
1977; Cuthbertson, 1979; Erickson et al., 1980; Buchter, 1982). This
technique eliminates the need for the labor intensive and costly opera-
tions of neck pinning, scribing and shrouding. A Dvorak (1979) study
showed a 25% Tabor reduction for HB beef as compared with conventionally
processed beef. Labor reductions are further attributed to increased
worker efficiency. During hot boning, hands stay warm and warm muscles
are more pliable and removable. One plant reported 10 to 15% less
cutting-line labor for HB as compared with conventional processing
(Buchter, 1982).

Other savings could be realized from increased product flow-through,
partially due to decreased chilling time and increased labor efficiency
(Kastner, 1977). Hot boning readily lends itself to mechanical handling
of boxed cartons which contain warm primals or subprimals (McLeod et al.,
1973). Cuthbertson (1979) suggested that hot-processing presents an

opportunity to mold cuts. Apple and Terlizzi (1982) reported that the
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adhesive nature of HB meat made it difficult to load the vacuum package.
However, by using oversize packaging materials and drawing higher vacuum
levels, air pockets and moisture condensation may be avoided. A Danish
in-plant study reported improved appearance of vacuum packaged hot-boned
muscles due to meat molding (Buchter, 1982).

Appearance of HB meat is improved by more uniform color of the muscle,
less staining of the fat and less drip in the vacuum bags (Cross et al.,
1979; Cuthbertson, 1979; Buchter, 1977, 1982; Taylor et al., 1980}. With
conventional processing (cold boning) lack of muscle color uniformity has
been attributed to uneven muscle cooling within the carcass. Hot-boned
muscle has more uniform cooling rates than muscles chilled in the carcass,
so color is more uniform, especially with thick muscles where cooling is
sTower (Cuthbertson, 1979). Taylor et al. (1980) reported color differ-
ences between the inner and‘outer portions of cold-boned semimembranosus
(SM) muscles, while hot-boned SM muscles had minimal differences.

Improvement in meat yield has been cited as a major advantage of hot
boning (Cuthbertson, 1979), as yield is increased by less evaporative
losses from the meat surface during chilling. Vacuum packaging soon
after muscle excision and quicker chilling of HB muscle can produce
increased yields over cold boning. Several researchers have reported
reductions in evaporative losses of HB muscle and/or increased yields
when compared with conventional processing (Kastner et al., 1973; Follett
et al., 1974; Dvorak, 1979; Corte et al., 1980; Erickson et al., 1980;
Taylor et al., 1980; Buchter, 1982; Chrystall, 1982). Still others
have found no difference in meat yields with hot boning techniques

(Schmidt and Keeman, 1974; Kastner et al., 1976).



One major hindrance in the U.S. meat industry's acceptance of hot
boning of beef and lamb is the inability to quality and yield grade
carcasses (Kastner, 1977). Alternate methods of measuring carcass
characteristics would have to be employed. Cross et al. (1981)
suggested three approaches to remedying this problem. A short-term
approach utilizes traits that are measurable in hot, unribbed carcasses
which are closely related to presently measured traits. Some traits
that may be employed are feathering, flank streaking, flank color,
diaphragm muscle marbling, bone maturity and carcass finish. More
long-term solutions are instrumental grading and carcass certification.

Another disadvantage of HB muscle is an unconventional shape as
compared with cold-boned meat. In vacuum bags, hot-boned meat takes
the shape of the vacuum package (Cuthbertson, 1982). Bowling (1981)
reported that shape distortion could present problems for processors
in the H.R.I. trade. However, meat molding could be advantageously
employed. A Danish system uses Multivac® thermoforming to mold HB
muscle (Buchter, 1982). The British have used heat-shrunk Cryovac
BB1 bags or nylon/polyethylene bags for molding hot-boned cuts
(Cuthbertson, 1982).

Hot boning requires greatér hygiene as the warm moist surfaces
could facilitate bacterial growth (Cuthbertson, 1979; Buchter, 1982;
Oblinger, 1982). Buchter {1982) cautioned that greater care, to
prevent carcass and cutting contamination, must be exercised with HB,
Fung et al. (1980) found early postmortem chilling rate important in
contrelling microbial growth, especially with boxed HB cuts. In a

later study, Fung et al. (1981) examined the effects of initial chilling



to 21°C in 3, 5, 9 or 12 hr on the microbial counts of HB beef after
vacuum package storage for 14 or 21 days at 2.2°C and display for 3
days. These researchers found hot-boned beef chilled to 21°C by 9 nr
or less after HB to be of acceptable microbial quality. Walker (1982)
reported that conventional Australian cooling systems do not chill hot-
boned meat quickly enough to insure product quality.

Other potential disadvantages of hot-processing include difficulty
of trimming hot fat (Cuthbertson, 1979; Bowling, 1981); difficulty of
timing slaughter, boning and fabrication operations; acceptance in con-
ventionally designed plants (Cuthbertson, 1979; Buchter, 1982) and the
inability to recognize dark cutting beef soon post slaughter (Buchter,
1982). Also, tenderness of HB muscle has been a major concern. Gener-
ally, a hot-boned product of acceptable tenderness can be produced if
(1) cuts are conditioned at elevated temperatures after boning, (2) cuts
are aged at refrigeration temperatures, (3) carcasses are conditioned at
elevated temperatures before boning and/or (4) carcasses are electrically
stimulated before boning.

The toughness of hot-boned beef may be attributed to pre-rigor
muscle excision, cold shortening or, if the muscle is frozen, thaw
rigor (Locker, 1960; Locker and Hagyard, 1963; Marsh and Leet, 1966;
Marsh et al., 1968; Marsh, 1972, 1977; Davey and Gilbert, 1974;
Chrystall, 1976). Of the two muscle tissue affectors of tenderness,
collagen and myofibrillar proteins, the latter is of the most concern
in hot-boned, pre-rigor muscle. Locker (1960) stated that muscle
shortening occurs upon excision of pre-rigor muscle and further,

slighter shortening occurs as the muscle enters rigor. By monitoring



the onset of rigor mortis, the optimal time, temperature potential for
cold shortening in not-boned muscle can be evaluated.

Post-slaugnter inter-reiationships between rigor onset and muscle
pH, adenosine triphosphate (ATP) and creatine phosphate (CP)} levels have
been determined. After slaughter, muscle pH exhibits a steady decline;
CP is exhausted within a few hr in an effort to keep ATP furnished to
the muscle. While CP is in adequate supply, muscle actomyosin cross-
bridge formation is minimal. However, when CP is depleted, the ATP
Tevel in the muscle starts to rapidly decline, actomyosin crossbridges
are formed, the muscle loses extensibility and rigor is established
(Marsh, 1981). Anaerobic glycolysis causes a steady accumulation of
lactic acid until the muscle is in full rigor. Because anaerobic
glycolysis cannot meet the muscle's demand for ATP, the ATP level
steadily declines as lactic acid accumulates (Marsh, 1977). Therefore,
by monitoring pH, the onset of rigor mortis can be determined (Forrest
et al., 1975).

Locker and Hagyard (1963) studied the effects of time and tempera-
ture on cold shortening in several beef and rabbit muscles. In beef,
greater shortening occurred at 2°C than at 37°C; the temperature region
of 14 to 19°C produced the least amount of shortening. By holding
muscles at 25°C for 11 hr before chilling at 2°C, shortening was reduced
as compared with delaying chilling for 1.5, 7 or 9 hr. Different beef
muscles responded differently to the 2°C chilling. Rabbit muscle showed
no cold-induced shortening.

Calcium concentration increase was found to be responsible for

cold shortening in beef muscle (Davey and Gilbert, 1974). As muscle
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temperature was lowered, the ability of the calcium pump to remove
calcium from the myofibril back into the sarcoplasmic reticulum was
lessened. Cold shortening occurred when the myofibr111ar cal¢cium con-
centration increased 30 to 40 times the original concentration due to
the Towering of muscle temperatures from 15 to 0°C, The difference in
the sarcoplasmic reticulum's calcium cheleting api1ity between muscles
and species may explain the difference in susceptibility to cold
shortening.

Chrystall (1976) reported that by delaying chilling below 8°C until
pH 6 is attained, cold shortening can be minimized. Freezing muscle
should be delayed until pH 5.7 is reached to avoid thaw shortening
(Bendall et al., 1976). Locker and Daines (1976) found muscle tempera-
ture during the completion of rigor mortis more important in determining
the degree of cold shortening than early pre-rigor temperature history.
Bendall (1972) reported cold shortening occurred when muscle was chilled
to 10°C before 10 hr postmortem. However, Lochner et al. (1980) felt
the "very early postmortem" chilling rate was important in determining
beef tenderness. A 2 hr postmortem temperature of 27 to 47°C was found
more linearly related to tenderness than the 10-hr temperature.

The effects of cold shortening can be minimized by several means
(Chrystall, 1976). The hanging position of the carcass is important
in determining the extent of shortening that occurs before skeletal
restraints take over. This explains some of the differential shortening
of muscles within the carcass (Herring et al., 1965; McCrae et al.,
1971). Delaying the chilling of muscles until pH 6 is attained, vacuum

aging of muscles or carcass conditioning at ambient temperatures have
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been used to lessen cold shortening. High temperature conditioning may
hasten rigor development and thus reduce the degree of cold shortening
within muscles (Chrystall, 1976). These latter conceﬁts have been used
to facilitate hot boning.

Schmidt and Gilbert (1970) hot boned the SM, semitendinosus (ST),
longissimus dorsi (LD) and biceps femoris (BF) within 2 hr postmortem
and conditioned the vacuum packaged cuts at 15°C for 24 or 48 hr. Cold-
boned sides were stored at 9°C until muscle excision at 24 hr postmortem.
The 24-hr and 48-hr HB and cold-boned muscles were immediately frozen
until taste panel and shear force evaluation. Shear force values for
the SM, LD and BF were no different for the control and 24-hr conditioned
treatments. However, 48-hr conditioning improved SM tenderness compared
with controls and 24-hr conditioning. Increased shear force values were
obtained for the hot-boned ST samples conditioned for either 24 or 48 hr
when compared with controls. Taste panels found no differences in ten-
derness, juiciness and overall acceptability for the hot-boned SM, ST
and LD conditioned for 24 or 48 hr as compared with controls. General
acceptability was improved for the 48-hr conditioned, hot-boned BF as
compared with the other treatments. These authors concluded that con-
ditioning at 15°C for 24 hr produced SM and LD muscles as tender as
controls, and an additional 24 hr of conditioning produced considerable
aging-induced tenderness. However, shear force measured-toughening was
observed in pre-rigor excised ST even after conditioning for up to 48 hr.

Chilling {or conditioning) temperatures of -5 to 15°C were used to
determine the effects on SM excision at 1 hr postmortem (Follett et al.,

1974)., After 24 hr of conditioning at 15, 10 or 5°C or 12 hr of chilling
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at -5°C, the vacuum-sealed SM muscles were aged at 1°C for 3, 7 or 13
days before Instron tenderness measurements were made. Controls were
cold boned at 36 hr postmortem, vacuum packaged and aged at 2 to 3°C.
The SM muscles conditioned at temperatures of 15, 10 or 5°C and aged
3, 7 or 13 days were more tender than controls aged the same length of
time. The -5°C cooling temperature decreased SM tenderness. No effect
on HB tenderness as compared with controls was observed from condition-
ing at temperatures above 5°C.

Sides from Danish commercial cows were hot-boned at 1 to 1.5 hr
after slaughter in a series of trials by Buchter (1977). Muscles and
muscle systems [SM, LD, BF, Psoas major (PM), ST, gluteus medius (GM)
and quadriceps] from the hindquarter were utilized. The trials invelved
(1) chilling at 5, 7.5 or 10°C for 24 hr, (2) conditioning at 15°C for
4 hr before chilling at 5, 7.5 or 10°C for 20 hr, (3) conditioning at
15°C for 7 hr before chilling at 5, 7.5 or 10°C for 17 hr or (4) condi-
tioning at 15°C for 7 hr, then chilling at 7.5°C for 17 hr as compared
with conditioning at 15°C for 24 hr. Single layer chilling was employed.
A1l vacuum packaged muscles were subsequently aged at 2°C until 10 to 12
days postmortem. Cold-boned cuts were excised at 48 hr postmortem,
vacuum packaged and aged at 2°C with HB cuts. Taste panel results for
the PM, LD, GM and BF indicate chilling at 5 to 7°C decreased the tender-
ness of the PM, GM and BF; the LD was not affected. Hot-boned cuts con-
ditioned at 15°C for 7 or 24 hr were scored comparable in taste panel
tenderness. Instron shear force measurements averaged for all cuts were
higher for HB muscles than cold-boned controls. Decreases in thé differ-

ences between the two boning treatments were observed with increased



13
conditioning time at 15°C. Comparisons between conditioning at 15°C for
7 or 24 hr favored the 24-hr treatment, but differences were slight. Hot
boning of Danish commercial cows increased toughness of muscles and only
by chilling at a very slow rate (15°C for 4 to 7 hr, then 7°C until 24 hr)
could this effect be overcome. Buchter (1982) reported that successful
(acceptable tenderness) industry-applied hot boning procedures consisted
of conditioning 5 hr at 12°C, 17 hr at 7°C and 20 to 24 hr at 2°C after
vacuum packaged hindquarter cuts were hot-boned at 1 to 1.5 hr postmortem.

In a study to assess the quality of hot-boned muscles after vacuum
aging, Schmidt and Keeman (1974) removed the PM, GM, LD, SM, ST and BF at
1 hr postmortem. Those muscles were stored at 7°C for 4 hr, then at 1°C
for 20 hr, then were vacuum packaged at 24 hr postmortem and chilled at
1°C for 7 days. Control sides were aged at 1°C for 8 days before muscle
removal. No differences were found in Warner-Bratzler shear force (WBS)
values or taste panel traits between the two boning treatments.

Taste panel and instrumental compression tenderness measurements
were not significantly affected by HB joints and muscles at 3 hr post-
mortem (Dransfield et al., 1976). Vacuum packaged hot-boned cuts were
conditioned at 10°C for 24 hr, then aged at 1°C for 6 to 10 days. Con-
trol sides were chilled at 5°C until 5 hr postmortem, then stored at
1°C until muscle excision at 24 hr postmortem, In general, hot boning
increased instrumentally assessed toughness by 10%, a result attribut-
able to random variation between animals, cuts or aging (Dransfield et
al., 1976).

Taylor et al. (1980) vacuum packaged 15 primal cuts excised at 1

to 2 hr postmortem and single-layer conditioned the cuts at 10°C for



14
9 hr and at 1°C for a further 18 hr. Control sides were conditicned for
7 hr at 15°C, and then chilled at 1°C until boned at 48 hr postmortem.
Cuts from boning treatments were aged until 5 or 21 days postmortem,
when sensory panel scores and instrumental texture values were recorded.
No boning treatment differences were found for sensory or texture values,
but 21 days aging increased sensory panel texture and juiciness scores
and decreased instrumental texture scores.

The triceps brachii (TB) and PM of 46 steer carcasses were either
hot boned at 2 hr postmortem or stored at 2 to 4°C until conventionally
processed at 48 hr postmortem (Lyon et al., 1983). HB muscles were
stored at 2°C until 48 hr after slaughter when muscles from both boning
treatments were vacuum packaged, aged at 1 to 5°C until 6 days post-
mortem, cut into steaks and frozen at -26°C until WBS force values were
recorded. For the TB and PM, WBS values were similar to controls.
Similarly, Axe et al. (1983) excised the SM and LD at 2 hr postmortem.
However, those muscles were processed into steaks at either 24 hr for
the HB treatment, or at 48 hr for the conventional treatment. After
having been stored at approximately 5°C before processing, steaks were
vacuum packaged and aged at 2°C until 6 days postmortem, then frozen
until evaluated. Increased taste panel connective tissue amount and
WBS values for the hot-boned LD were reported, but no differences for
SM taste panel traits and WBS values were found.

Another approach to hot boning has been the conditioning of sides
for 2 to 10 hr before muscle excision (Kastner et al., 1973; Falk and
Henrickson, 1974; Falk et al., 1975; Kastner and Russell, 1975; Kastner

et al., 1976; Will et al., 1976). Kastner et al. (1973) conditioned
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sides at 16°C for 2, 5 or 8 hr before hot boning the SM, LD, BF and ST.
Hot-boned muscles, stored at 1°C, were cut into steaks at 48 hr post-
mortem. Control sides were chilled at 2°C for 48 hr before boning.
Pooled WBS values for the four muscles were higher for HB steaks con-
ditioned 2 or 5 hr as compared with controls. However, no differences
were observed for the 8-hr holding treatment compared with controls.
Taste panelists were unable to distinguish differences between controls
and any of the hot boning treatments. Kastner et al. (1973) concluded
that an acceptable tender product could be successfully hot-boned after
5 to 8 hr of carcass conditioning at 16°C.

Thirty Choice steers were allotted to side conditioning treatments
of 3, 5 or 7 hr postmortem at 16°C before hot boning and aging until 48
hr postmortem at 1°C (Falk et al., 1975). Control muscles were removed
after a 48-hr chilling period at 1°C. WBS forces were determined for
three muscles (SM, LD and ST). Increased WBS values were reported for
the 5-hr conditioned hot-boned LD and the 7-hr conditioned hot-boned SM
as compared with the LD and SM from the conventionally treated sides.
The hot-boned ST was not different from controls regardless of the
conditijoning period before boning. Hot boning as soon as 3 hr post-
mortem was deemed feasible. Will et al. (1976) studied the same holding
periods (3, 5 or 7 hr) and conditioning temperature (16°C) when assessing
the tenderness of hot-boned BF, LD and SM muscles. Three instrumental
devices and taste panels were used to assess tenderness. All three
muscles for all holding periods were organcleptically similar to con-
trols. When compared to the control, instrumentally measured tenderness

was higher (more tender) for the 3-hr hot-boned BF (by WBS), higher for
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the 5-hr hot-boned LD (by Nip Tenderometer) and higher for the 7-hr
hot-boned SM (by WBS and Nip Tenderometer). Again, 3-hr hot boning
was shown feasible for certain muscles.

Conditioning carcasses at 16°C until 6, 8 or 10 hr postmortem
was studied by Kastner and Russell (1975) and Kastner et al. (1976).
Muscles HB after conditioning and aged at 1°C until 48 hr postmortem,
and muscles from cold-boned sides chilled at 1°C until 48 hr postmortem
were compared. Shear force means for all muscles SM, ST, BF, LD and
supraspinatus (SS) indicated carcasses should be conditioned at 16°C
until 8 hr postmortem before muscle excision {Kastner and Russell,

1975; Kastner et al., 1976).

High temperature conditioning (37°C) was studied by Seideman et al.
(1983). Muscles (SM, LD and ST) were HB at 2 hr postmortem, vacuum pack-
aged, placed in a 37°C waterbath for 3 hr and finally chilled at 1°C
until 48 hr postmortem. Control sides were chilled at 1°C until being
boned at 48 hr after slaughter. The hot-boned SM was not different in
tenderness from controls. However, decreased LD WBS values and less
desirable ST taste panel juiciness, ease of fragmentation, connective
tissue amount and overall tenderness scores were reported for hot-boned,
conditioned samples. Seideman et al. (1983) reported conditioning at
37°C may have increased proteolysis of myofibrillar proteins resulting
in increased LD tenderness, while shortening connective tissue proteins
and thus decreasing ST tenderness.

Previously described hot-boning studies have sought to prevent
cold-induced toughening and pre-rigor excision effects by delaying

the chilling and/or excision time until rigor onset. Electrical



17
stimulation of carcasses hastens the onsat of rigor mortis and, thus,
can be used with hot boning to allow earlier cutting and chilling, both
of which may be more appealing to meat processors than the previously

described hot-boning techniques.

Electrical Stimulation

The use of electrical stimulation (ES) shortly after death to
improve the tenderness of muscle is not a new idea. Harsham and
Deatherage (1951) patented a beef carcass electrical stimulation pro-
cess as a means of tenderizing meat. Renewed interest in ES has been
spurred by the reported effects on decreasing time between slaughter
and grading and the incidence of regrading, increasing muscle tender-
ness, facilitating hot boning and improving muscle color. Today, ES
is used within the meat industry in the U.S., New Zealand, Australia,
Great Britain and France even though the primary reasons for using
ES may be different from country to country.

When a carcass or side is electrically stimulated, visible massive
muscle contraction occurs. Dutson et al. (1980) stated that the major
cause of changes that occur with ES is due to muscle energy depletion
by the contraction of the muscle. The contractions themselves may also
cause some changes. There are several mechanisms by which these changes
may alter the tenderness of ES meat.

Postmortem glycolysis rate is accelerated by ES resulting in more
rapid lactic acid accumulation and pH decline (De Fremery, 1960; Kar-
patkin et al., 1964; Forrest and Briskey, 1967; Carse, 1973; Davey et
al., 1976; Bendall, 1976; Bendall et al., 1976; Chrystall and Hagyard,
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1976; Devine, 1976; Rashid et al., 1983a). Davey et al. (1976) suggested
that the rate of glycolysis is accelerated in two phases, first during
actual ES and secondly, after stimulation has ceased. The effects
during ES are attributed to muscle energy expenditure from contractions.
Forrest and Briskey (1967) reported that porcine muscles with a slow
rate of glycolysis were more responsive to ES than those with an inter-
mediate rate.

Muscle pH fell at rates two to three times that of normal muscles
when lambs were stimulated at 15 min postmortem for 2 min with 250 volts
(V) [15 Hertz (Hz); 0.8 amps (A)] pulsed current (Bendall, 1976). ATP
levels declined with pH; freezing of lambs was feasible within 3 hr post-
mortem as compared with 10 hr for controls. In another study, Bendall et
al. (1976) investigated the effects of varying voltages, Hz and postmortem
stimulation time on the rate of glycolysis in beef. Optimal parameters
were reported as 700 V, 25 Hz (3000 pulses) for 2 min at 15 min post-
mortem. At 1 hr postmortem, pH 6 was reached and 50% of the muscle ATP
supply was depleted; pH 5.7 was reached at 1.5 to 2.0 hr postmortem at
which time 90% of the ATP supply was depleted. Chrystall and Hagyard
(1976) used 300 V and 15 Hz to stimulate lambs for 1 min at 5 min post-
mortem. Two A were delivered through the carcasses and pH 6 was attained
within 1 hr after ES. Pulsed current produced a more rapid pH decline
than continuous current (Bowles, 1981). Rashid et al. (1983b) studied
the effects of 52 or 350 V and 10,000 or 250 Hz in increasing glycolytic
rates of lamb muscles. These researchers concluded that ES with increased
voltages and decreased frequencies (Hz) is more effective in increasing

glycolytic rates as compared with low voltages and high frequencies.
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Because of the rapid fall in pH, carcass aging may start while the
muscles are at or near body temperature. Temperature may even rise dur-
ing ES. Devine (1976) reported a 3°C temperature rise in excised ox
sternomandibularis during 2 min of ES. However, Carse (1973) reported
a 3°C drop in Tlamb carcass' temperature during a 30 min ES. The combi-
nation of high temperature and low pH has been associated with increased
tenderness (Locker and Daines, 1976). Even with rapid chilling, ES sides
are warm at rigor onset (Davey et al., 1976). With earlier rapid cooling
or freezing of ES products, through-put is increased (Bendall and Rhodes,
1976).

A second and much disputed mechanism of improved tenderness in ES
muscle is the prevention of cold shortening or thaw rigor. Bendall et
al. (1976), Chrystall and Hagyard (1975) and Davey et al. (1976) have
postulated this mechanism. However, measurements of muscle sarcomere
Tengths have not substantiated this theory. Savell et al. (1977, 1979),
Seideman et al. (1979), George et al. (1980), McKeith et al. (1980},
Nichols and Cross (1980), Will et al. (1980), Demeyer et al. (1981),
Elgasim et al. (1981) and Salm et al. (1981) have reported no sarcomere
length differences in muscles from stimulated carcasses, whereas Smith
et al. (1977, 1979), Bouton et al. {1980) and George et al. (1980)
reported longer sarcomeres in stimulated muscles. Dutson et al. (1980)
suggested that under normal chilling conditions, cold shortening reduc-
tion is not a major occurrence within ES muscle. In cases of extremely
rapid chilling or within certain muscles of the carcass, ES may reduce

the toughening effect of cold shortening.
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The high temperature, low pH condition existing within ES carcasses
may increase proteolysis or hasten its occurrence (Locker and Daines,
1976). Dutson et al. (1980) studied the stability of the lysosomal
membrane from stimulated and nonstimulated sheep muscle. A 24 to 30%
increase in free activity of lysosomal enzymes that cleave certain myo-
fibrillar protein linkages and possibly connective tissue was reported
from ES muscles. Kang et al. (1983) reported the effects of rabbit
muscle ES on the postmortem changes of myofibrillar proteins. Minimal
changes in actin-myosin interaction during storage of the muscle at 0°C
occurred. Furthermore, the enhancement of proteolysis was theorized due
to the appearance of the degradative products of troponin-T and myosin
heavy chain in stored ES muscle. Savell et al. (1977) found no differ-
ence in sarcomere lengths of stimulated goat, lamb and beef muscle, but
tenderness increased as compared with controls. These researchers
postulated the high temperature, low pH conditions within the ES muscle
may have disrupted the lysosomal membrane and released proteolytic
enzymes into the muscle tissue. Proteolytic enzymes are more active
at higher temperatures and lower pH's. George et al. (1980), Will et
al. (1980) and Sorinmade et al. (1982) observed similar increased
proteolysis in ES beef muscle. However, Sonaiya et al. (1982) failed
to find an effect of ES on the 30,000 dalton component of cow muscle.
This high molecular weight component is the degradation product of the
calcium activated factor (CAF) protease on troponin-T (Parrish, 1977).
Thus, Sonaiya et al. (1982) concluded that ES had no effect on CAF

activity.
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Micrographs from stimulated and nonstimulated sides have suggested
that actual physical disruption of the muscle fibers occurs when car-
casses or sides are ES (Savell et al., 1978a; McKeith et al., 1980; Will
et al., 1980; Sorinmade et al., 1982). McKeith et al. (1980) reported
an increase in contracture bands of muscles of ES cow sides as compared
with controls, but no difference was observed for muscle from stimulated
steer carcasses as compared to nonstimulated carcasses. Electrically
stimulated muscles from steer sides had less defined I-bands and Z-1ines
within the myofibrillar contraction bands (Savell et al., 1978a).
Stretched areas on either side of the sarcomeres involved in the con-
tracture bands were observed. George et al. (1980) found no damage to
muscle fibers as a result of electrical stimulation.

The thermal shrinkage temperature of collagen may be affected by ES
(Judge et al., 1980). Collagen is of three types, I, II and III; the
thermal shrinkage temperature, or degree of intermolecular collagen
cross-1inking of perimysium, a type III collagen, was lowered by 0.6°C
within ES muscle as compared with controls. Hydroxyproline measured
collagen content of ES muscle was not different from controls. On the
other hand, Rashid et al. (1983a) found no ES effect on the swelling
factor of muscles, an indicator of a change in the extent of collagen
cross-linkages.

Besides the benefits of increased tenderness {Carse, 1973; Davey
et al., 1976; Chrystall and Hagyard, 1976; Dutson et al., 1977; Savell
et al., 1977, 1978a, 1978b, 1978c, 1981; Will et al., 1979; George et
al., 1980; Judge et al., 1980; Taylor and Marshall, 1980; McKeith et al.,
1987a, 1981b; Schroeder et al., 1982; Crouse et al., 1983), electrical
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stimulation of carcasses soon after slaughter has other advantages.
Savell et al. (1978b, 1978¢c), McKeith et al. (1980) and Salm et al.
(1981) reported more youthful lean, brighter muscie color and less
frequent and less severe heat ring. This effect on quality grade
parameters could allow for earlier grading (Savell et al., 1978b).
Greathouse et al. (1983) failed to find quality grade attribute
improvements in stimulated carcasses from implanted and non-implanted
young bulls. A softer, coarser textured lean was observed in ES sides
than in controls.

Electrical stimulation produced a lighter, brighter red color
in displayed beef LD steaks (Sleper et al., 1983). In this study of
myoglobin properties of beef LD muscle, total heme concentration and
proportions of surface myoglobin, oxymyoglobin and metmyoglobin were
not different in the control and ES steak comparisons. The lighter
appearance of the ES LD was attributed to more reflected surface and
sub-surface light, possibly due to structural changes within the muscle.
Under aerobic conditions, stimulated steaks formed more metmyoglobin
and had less metmyoglobin reducing ability. Tang and Henrickson (1980)
also found LD, SM and ST steaks from stimulated carcasses to be brighter
red than control steaks. Oxymyoglobin content was increased with ES,
but ES did not affect total pigment and total myoglobin concentrations.
Optimal conditions of ES of beef carcasses soon after slaughter |
have not been elucidated. Much research has been conducted, but
further research is needed. Cross (1979) reviewed the current status
of electrical stimulation and proposed research was needed: (1) to

determine the mechanisms of tenderizing action associated with ES,
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(2) to investigate the proper stimulation parameters (time postmortem,
duration and type of current) and (3) to investigate muscle structure
response to various types of currents. Electrical control of cell
function and the relationship to tissue changes within ES muscle is
a research need noted by Asghar and Henrickson (1982). However, the
known benefits of electrical stimulation make its use appealing to the

meat industry.

Electrical Stimulation and Hot Boning

By combining the economically advantageous process of hot boning
with the rigor hastening and tenderizing technique of electrical stim-
ulation, a new concept in meat processing was conceived. Electrical
stimulation and hot boning (ESHB) of red meat carcasses produces
product of equal or superior quality compared with conventionally
processed carcasses. Several systems have been employed.

Beef steers sides were ES at 30 min postmortem and HB at 5 hr
postmortem (Gilbert and Davey, 1976). Two min of 3600 V alternating
current (AC) was used to deliver 2 A (15 Hz) through the sides. Both
control and ES sides were quickly chilled at 4°C; the SM, LD, GM, BF
and PM were hot-boned at 5 hr postmortem from ES sides and cold-boned
at 24 hr postmortem from controls. Those muscles were halved, wrapped
in Tow gas-permeable plastic bags and either frozen at -18°C or aged
at 10°C for 72 hr before freezing. Muscles from ES sides had attained
pH 6 within 3 to 4 hr postmortem and had reached ultimate pH before
muscle hot boning at 5 hr postmortem. Shear force values indicated
that ESHB muscles, immediately frozen, were as tender as aged controls.

Immediately frozen control LD samples had a large percentage of samples
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in the tough shear force range. Taste panels scored all aged muscles
acceptable in tenderness, juiciness and general acceptability. Bac-
terial quality of the meat was not changed by ESHB. Gilbert and Davey
(1976) concluded that fast chilling of carcasses during the delay before
HB was advantageous for ESHB beef. Minimal microbial growth and easier
hot boning due to greater fat hardening were cited as the rationale for
faster chilling; fast chilling had no detrimental tenderness effects.

Gilbert et al. (1977) stimulated beef sides at 60 min postmortem
with the same stimulation parameters as Gilbert and Davey (1976) (3600
V, AC, 15 Hz, 2 A through the carcass, 2 min duration). Muscles (SM,
LD, GM, BF and PM) were hot-boned and vacuum packaged at approximately
1 hr postmortem. ESHB cuts were either frozen at -35°C at 2 hr post-
mortem or aged in cartons at 5°C until being frozen at 48 hr postmortem.
Controls were cold-boned at 24 hr and either frozen immediately or aged
at 10°C for 65 hr before being frozen. Generally, shear force values
for unstimulated, unaged muscies were higher than for aged, ESHB
muscles. The PM was one exception; no difference was found between
the boning treatments when immediate freezing was used. Aging gener-
ally decreased unstimulated muscle shear force values (except the LD)
as compared with the aged, ESHB muscle. The aged and unaged ESHB SM,
GM, and BF had slightly decreased (less acceptable) taste panel scores
as compared with control counterpart, but these were not significant.
Bacterial growth on the aged ESHB cuts was reduced as compared with
aged cold-boned cuts. These authors concluded that immediate freezing

or slight aging of ESHB cuts produced beef of superior quality as
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compared with conventionally processed cuts. A 2-day chilling cycle was
foreseen for product from ESHB carcasses.

Ten Choice grade beef sides were electrically stimulated and ten
muscles hot-boned within 1 hr postmortem (Cross et al., 1979). The 3
min stimulation of 250 to 400 V AC (60 Hz) was delivered with 4, 10-sec
shocks per min; sides received 1.5 A. Controls were boned after 48-hr
storage at 2 to 3°C. Storage properties of both boning treatments were
assessed at boning and after boxed aging at 2 to 3°C for 20 days. ESHB
cuts had whiter fat, more retained vacuum and less weight loss during
storage than controls. Lean color was not affected by boning treatment.
The shape of the cold-boned cuts was scored more "acceptable using
industry standards” than that of ESHB cuts (Cross et al., 1979).

Vacuum packaged, ESHB beef was also evaluated by Seideman et al.
(1979). Palatability, physical and chemical traits of muscle from
Good grade steer sides that had been ES at 30 to 40 min postmortem and
HB at 50 to 60 min postmortem were evaluated. Sides were stimulated
(440 V, AC, 5 A, 50 to 60 Hz) with 25 impulses of 0.5 to 1 sec duration
each. Conventionally processed sides were boned after 24-hr storage
at 1 to 3°C. After vacuum packaging of the SM and LD muscles from both
boning treatments, muscles were stored at 1£1°C for 2 weeks. Taste
panels scored the LD from ESHB sides as less juicy when compared with
controls; cooking losses were increased and storage losses decreased
for the ESHB SM. An increased percentage of 0.03M P{'.)4'3 buffer soluble
sarcoplasmic proteinnfrom the ESHB LD muscles was reported along with a
decrease in the percentage of the myofibrillar, M, C and « actinin pro-

teins. These results were attributed to stimulation induced proteolysis.
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Sarcomere lengths, WBS values, taste panel traits and the percentages
of other protein components were not different between treatments. A
palatable product was produced by stimulating, hot boning and vacuum
aging for 2 weeks at 1°C,

Will et al., (1979) de]ayed-cth!ed one side from six steer carcasses
at 16°C until hot boning at 2 hr postmortem. Sides were stimulated at
30 min postmortem with 15 min of 300 V direct current; the stimulus deliv-
ered 1.9 A through the carcass. After HB, the SM, LD, PM, ST and SS were
vacuum packaged and stored at 1°C for an additional 48 hr. Corresponding
control sides were conditioned at 16°C and boned at 48 hr postmortem.
Sarcomere lengths of the ESHB and control muscles were not different.
However, the authors reported increased tenderness for ESHB cuts as
determined by taste panel scores and WBS values. At 1, 2, 4, 6 and 8
hr postmortem, ATP content was lower for the ESHB SM, LD and SS muscles
as compared with contro] counterparts. By 12 hr, only the ESHB SM and
LD had ATP'values lower than control counterparts, and by 24 hr, no pH
differences between treatments were observed. Will et al. (1979) con-
cluded that ES does speed postmortem glycolysis in muscles, and that ES
may have modes of tenderizing action other than the prevention of cold
shortening.

At 30 min postmortem, 700 V intermittent AC (60 Hz) was applied
to one side of ten Zebu cow carcasses for 2 min (Corte et al., 1980).
Muscles (SM, LD and BF) were hot-boned at 45 min after bleeding and
either boxed, chilled at 2°C for 5 days and frozen at -20°C, or directly
frozen at -40°C. Control cuts boned at 36 to 40 hr post slaughter and

chilled at 2°C were treated in a manner similar to ESHB cuts. Taste
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panel tenderness ratings for the chilled and aged SM and LD samples from
ESHB sides were increased (more tender) as compared with control counter-
parts; similarly, the immediately frozen ESHB LD tenderness scores were
increased relative to the control samples. Shear force values for stim-
ulated, hot-boned LD's of both temperature treatments were more tender
than control counterparts. ESHB decreased total side shrink.

Three ES voltage systems (high of 1100 V, low of 110 V and extra
Tow of 45 V) applied at 25 and 45 min postmortem were combined with hot
boning at 1 hr (ST and deep pectoral, DP) or 2 hr (SM and TB) postmortem
(Bouton et al., 1980). Hot-boned muscles were wrapped in plastic bags
and were ice water chilled to induce cold shortening conditions. The
1.25 hr postmortem pH was reduced in all ES treatments except the extra
Tow voltage. Mean pH values were below 6 at 4 hr postmortem for all
ESHB voltage treatments. The incidence of cold shortening, as indicated
by WBS values, in samples HB at 1 to 2 hr postmortem was reduced with
high voltage stimulation. Decreased sarcomere lengths accompanied
increased WBS values which led the authors to conclude the ES had pre-
vented coid shortening in the rapidly chilled, HB muscle.

Cross and Tennent (1980) reported the effects of ES sides with
150 to 400 V AC (60 Hz, 1.5 A) for 3 min and boning at 1, 4 or 48 hr
postmortem. Choice and Good grade carcasses were utilized.
Vacuum packaged muscles were allotted to three storage treatments:
(1) frozen at -20°C, (2) chilled for 24 hr at 2 to 3°C and frozen or
(3) chilled for 20 days at 2 to 3°C and frozen. WBS and taste panel
means indicated that samples from ES carcasses, HB at 1 or 4 hr post-

mortem, were similar to 48-hr samples from stimulated and nonstimulated
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carcasses. Nonstimulated muscles boned at 1, 4 or 48 hr postmortem were
not different in tenderness; however, the 1-and 4-hr HB cuts were of
borderline tenderness. Nonstimulated muscles, frozen immediately, or
after 24 hr of storage, were tougher than ES or non ES cuts stored for
20 days. ES improved the tenderness of 1- and 4-hr HB samples, but they
were not equal to ESHB cuts aged 20 days. These authors concluded that
minimal negative effects are experienced when ES muscles are hot boned
at 1 hr postmortem. However, freezing of ES cuts should be delayed
until 24 hr postmortem to avoid tenderness problems.

Kastner et al. (1980) assigned 46 steer carcass sides to two treat-
ments: fabrication after chilling at 2°C for 48 hr, or ES at 1 hr post-
mortem with 2 min of continuous AC (400 to 600 V, approximately 1.0 A
delivered through the carcass, 60 Hz) and HB at 2 hr postmortem. After
excision, the SM and LD were vacuum packaged, boxed and stored at 1 to
5°C until 6 days postmortem; then, steaks were cut and frozen. Increased
WBS values and decreased taste panel myofibrillar tenderness scores were
reported for the ESHB SM muscles as compared with controls. However,
differences were slight. LD juiciness scores were increased in the ESHB
samples versus control counterparts. Color panel scores for the two
treatments were not different after 1 or 4 days of display.

Sides from 80 carcasses were assigned to three hot boning treatments
at 1, 2 or 4 hr postmortem (Nichols and Cross, 1980). Sides were ES at
1 hr after slaughter with continuous, 1 A, AC, 60 Hz for 2 min. Voltages
ranged from 140 to 200 V, but constant amperage was delivered through the
sides. Prior to HB of the SM and LD, sides were stored at 5°C. Control

sides (stimulated and nonstimulated) were fabricated at 48 hr postmortem.
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Three storage treatments of the vacuum packaged cuts were also compared:
muscles immediately frozen at -30°C, muscles stored for 6 hr at 3°C then
frozen (-30°C) or muscles chilled at 3°C for 5 days. Postmortem pH
decline was affected by ES, boning time and storage treatment, but final
sarcomere lengths were unchanged. Appearance of the hot- or cold-boned
muscles was not changed by ES, but boning time exerted an influence on
the color and color uniformity of the SM muscles. SM muscles excised
at 1 or 2 hr postmortem had more desirable and uniform color as compared
with 4-hr and 48-hr boning. Severe temperature differentials within the
large SM muscle were most likely responsible for the decreased color of
the delayed-excised muscles.

Taylor et al. (1980) compared rapidly chilled (-1°C), ESHB muscles
excised at 1 to 2 hr postmortem, cuts HB at 1 to 2 hr postmortem and
conditioned at 10°C for 9 hr before chilling for 18 hr at 1°C, and con-
trol cuts processed at 48 hr. Control sides were conditioned for 7 hr at
15°C, then chilled at 1°C until 48 hr postmortem. Stimulation applied 50
min after slaughter consisted of a 700 V peak current at 25 pulses/sec
for 4, 30-sec periods. ESHB vacuum packaged muscles were chilled on
trays at -1°C until 24 hr postmortem. All treatments were cartoned after
boning and stored at 1°C for 5 or 21 days. Drip losses of the vacuum
packaged HB cuts were-reduced as compared with controls, but ESHB gave
intermediate drip losses. Bacterial contamination of both HB treatments
was not increased over cold-boned counterparts. Rapid chilling of the
ESHB cuts minimized any tenderizing effect of stimulation; instrumental
and sensory panel values of ESHB muscles were not different from the HB

or conventionally processed cuts.
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Demeyer et al. (1981) used Belgian bulls in their study of ESHB
muscle. Sides were stimulated at 45 min postmortem with pulsed, direct
current of 50 Hz giving 100 to 150 V applied for about 160 sec. On-rail
muscle boning followed ES and was completed within 73 min after ES.
Vacuum packaged ESHB subprimals were aged for 7 days at 1°C. Controls
were either conditioned at 15°C or chilled at 2°C before muscle excision.
Shear force values were decreased for ESHB subprimals as compared with
either cold-boned treatment, but sarcomere lengths were unchanged.
Tenderizing action from ES other than cold shortening prevention was
theorized.

Another European study proposed to investigate the tenderizing
action of ES and the product quality obtained from fast chilling of
ESHB muscle (Smulders et al., 1581). Ten bulls were stimulated at 5
to 10 min postmortem with 300 V for 1.5 min. Both continuous and
intermittent (2.5 sec and 1.5 sec) stimulation was used. Ten bulls
served as nonstimulated controls. Hot boning proceeded at 3 to 4 hr
after slaughter; vacuum packaged, HB LD samples were ice water chilled
for 5 hr and then stored at 2°C. Controls were boned at 24 hr after
carcass storage at 2°C. A1l samples were aged at 2°C until 7 days
postmortem. Both continuous and intermittent stimulation increased pH
decline for the first 8 hr as compared with controls. Shear force
values were lower, but cooking losses were higher for the ESHB-control
comparisons. Lighter color was reported for the ESHB LD as compared
with controls. _

Danish in-plant trials involved electrical stimulation and hot

boning of cows and young bulls (Buchter, 1982)}. One min or 30 to 35
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sec of Tow voltage stimulation was employed immediately after bleeding
for cows and young bulls, respectively. Muscles were hot boned "after
dressing." For cow carcasses, drip losses were increased 0.2%, but
tenderness was unaffected by the ESHB treatment as compared with cold
boning. Stimulation increased HB young bull tenderness by 10% as com-
pared with cold boning, and drip losses were not different.

Cuthbertson (1982) reported the results of two factory-based trials
which employed on-the-rail hot muscle seaming of ES and non-ES sides.
Upon chilling, ESHB cuts reached 7°C in the thickest portions by 24 hr
postmortem. Control sides were conditioned at 10°C for 10 hr, then
chilled at 0 to 1°C until 48 hr postmortem at which time they were
boned. Muscles from all treatments were subsequently vacuum aged at
0 to 1°C until 7 days postmortem. Microbial counts of the ESHB cuts
aged until 7 days postmortem increased greatly during the chilling and
storage period in the first trial, but greater attention to air circu-
lation around the ESHB cuts during chilling decreased microbial loads
of the aged ESHB cuts during the second trial. Shear force values of
the ESHB LD from trial 2 were increased, reflective of improved chilling
conditions.

Forty-eight sides averaging Good in grade were stimulated at 45 min
after slaughter with pulsed (1.6 sec on, .8 sec off) AC for 2 min (Axe
et al., 1983). Approximately 1 A of 400 V (60 Hz) current was delivered
through the sides. One-half of the ES sides had the SM and LD removed
at 2 hr postmortem and chilled in loosely wrapped, oxygen impermeable
film at 5°C until 24 hr postmortem steak fabricatijon and vacuum packag-

ing (ESHB). Muscles from the remaining 23 ES sides were excised and cut
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into steaks after 24 hr of 5°C storage (ES). Unstimulated sides were
either hot boned at 2 hr postmortem (HB) or remained as controls. Con-
trol sides were stored at 5°C until muscle excision and steak cutting
at 48 hr postmortem. Storage for all treatments (ESHB, ES, HB and
control) were either immediate freezing at -26°C or vacuum aging at
2°C for 6 days before freezing at -26°C. ES did not increase tender-
ness (WBS and taste panel ratings) of the frozen or aged LD and SM as
compared with controls. HB decreased tenderness of the aged and frozen
LD, but the aged SM was similar to controls. In both storage treatments
for the LD and SM, controls and ESHB samples were not different. Axe
et al. (1983) concluded that ES resolved the toughening effects of hot
boning.

Three postmortem processing treatments involving HB and ES and two
steak storage treatments of PM and TB, long head, were investigated by
Lyon et al. (1983). Steers were either stimulated at 1 hr after
slaughter and HB at 2 hr postmortem (ESHB), hot boned at 2 hr post-
mortem (HB) or conventionally processed at 48 hr postmortem. ES
parameters applied were 2 min of 400 V, 60 Hz AC (continuous current).
Approximately 1 A was delivered through the carcass. Two- and 48-hr
boned PM and TB muscles were fabricated into steaks at 48 hr postmortem.
Samples from each muscle were then frozen at -26°C or were vacuum pack-
aged and aged in cardboard boxes at 1 to 5°C until 6 days postmortem
before being frozen. Increased rates of pH decline were observed in
both ESHB muscles as compared with control and HB muscles. Two-hr HB
PM and TB steaks, aged for 6 days, had equal or lower WBS values as

compared with controls. However, increased (less tender) WBS values
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were reported for the unaged TB. Lyon et al. (1983) concluded that ES
was not necessary to successfully HB PM and TB muscles, but cautioned

that ES may be necessary for other muscles.



34
REFERENCES

Apple, J. M. and Terlizzi, F. M., Jr. 1982. Packaging systems for hot
boned beef. Food Technol. 37(5):68.

Asghar, A. and Henrickson, R. L. 1982. Post-mortem electrical stimula-
tion of carcasses. Effects on biochemistry, biophysics, micro-
biology and quality of meat. CRC Critical Review in Food Sci. and
Nutrition 18:1.

Axe, J. E. B., Kastner, C. L., Dikeman, M. E., Hunt, M. C., Kropf, D.
H., and Milliken, G. A. 1983, Effects of beef carcass electrical
stimulation, hot boning, and aging on unfrozen and frozen longis-
simus dorsi and semimembranosus steaks. J. Food Sci. 48:332.

Bendall, J. R. 1972. The influence of rate of chilling on the
development of rigor and cold-shortening. In "Meat Chilling -
Why and How?" A.R.C. Meat Research Institute Symposium, Number
3, p. 3.1.

Bendall, J. R. 1976. Electrical stimulation of rabbit and lamb car-
casses. J. Sci. Food Agric. 27:819.

Bendall, J. R. and Rhodes, D. N. 1976. Electrical stimulation of the
beef carcass and its practical application. Proc. 22nd Meat Res.
Conf. Vol. 1, Sweden.

Bendall, J. R., Ketteridge, C. C., and George, A. R. 1976. The
electrical stimulation of beef carcasses. J. Sci. Food Agric.
27:1128.

Bouton, P. E., Ford, A. L., Harris, P. V., and Shaw, F. D. 1980.
Electrical stimulation of beef sides. Meat Sci. 4:145.

Bowles (Axe), J. E. 1981. Effects of beef carcass electrical stimu-
lation and hot boning on fresh and frozen longissimus dorsi and
semimembranosus steaks. M.S. thesis. Kansas State Unijversity.

Bowling, R. A. 1981. Meat industry views of prerigor meat. Proc. Ann.
Recip. Meats Conf. of Amer. Meat Sci. Assoc. in cooperation with
National Live Stock and Meat Board. Pub. National Livestock and
Meat Board, Chicago, IL 95.

Buchter, L. 1977. The influence of the chilling rate on the tenderness
of hot deboned beef cuts. Proc. 23rd European Meeting of Meat
Research Workers. Moscow. D5.

Buchter, L. 1982. Hot processing in Denmark. Proc. International
Symposium on Meat Sci. and Technol. Lincoln, NB. In press.



35

Carse, W. A. 1973. Meat quality and the acceleration of post-mortem
glycolysis by electrical stimulation. J. Food Technol. 8:163.

Chrystall, B. B. 1976. Accelerated conditioning of meat. Proc. New
' Zealand Meat Ind. Res. Conf. 18:5,

Chrystall, B. B. 1982. Hot processing in New Zealand. Proc. Inter-
national Symposium on Meat Sci. and Technol. Lincoln, NB. In
press.

Chrystall, B. B. and Hagyard, C. J. 1976. Electrical stimulation and
lamb tenderness. New Zealand J. Agric. Res. 139:7.

Corte, 0. 0., Cia, G., Picchi, V., Procknor, M. L. S. C., and Delazari,
I. 1980. Electrical stimulation and hot boning of beef carcasses
associated with chilling or freezing. Proc. 26th European Meeting
of Meat Research Workers. Vol. II. Prepared by Amer. Meat Sci.
Assoc., Chicago, IL 53.

Cross, H. R. 1979. Effects of electrical stimulation on meat tissue
and muscle properties - a review. J. Food Sci. 44:509.

Cross, H. R. and Tennent, I. 1980. Accelerated processing systems for
USDA Choice and Good beef carcasses. J. Food Sci. 45:765.

Cross, H. R., Tennent, I., and Muse, D. A. 1979. Storage properties
of primal cuts of hot- and cold-boned beef. J. Food Quality.
4:289.

Cross, H. R., Seideman, S. C., and Crouse, J. D. 1981. Grading systems
for prerigor meat. Proc. 34th Ann. Recip. Meats Conf. of Amer.
Meat Sci. Assoc. in cooperation with National Live Stock and Meat
Board. Pub. National Livestock and Meat Board, Chicago, IL 91.

Crouse, J. C., Seideman, S. C., and Cross, H. R. 1983, The effects of
carcass electrical stimulation and cooler temperature on the qual-
ity and palatability of bull and steer beef. J. Anim. Sci. 56:81.

Cuthbertson, A. 1979. Hot processing of meat: A review of the ration-
ale and economic implications. In "Developments in Meat Science -
1." (Ed.) R. Lawrie. Applied Science Publishers Ltd., London 61.

Cuthbertson, A. 1982. Hot processing in Great Britain. Proc. Inter-
national Symposium on Meat Sci. and Technol. Lincoln, NB. In
press.

Davey, C. L. and Gilbert, K. V. 1974. The mechanisms of cold-induced
shortening in beef muscle. J. Food Technol, 9:51.

Davey, C. L., Kuttel, H., and Gilbert, K. V. 1967. Shortening as a
factor in meat aging. J. Food Technol. 2:53.



36

Davey, C. L., Gilbert, K. V., and Carse, W. A. 1976. Carcass electrical
stimulation to prevent cold shortening toughness in beef. New
Zealand J. Agric. Res. 19:13.

Dransfield, E., Brown, A. J., and Rhodes, D. N. 1876. Eating quality
of hot deboned beef. J. Food Technol. 11:401.

DefFremery, D. and Pool, M., F. 1960. Biochemistry of chicken muscle as
related to rigor mortis and tenderization. Food Res. 25:73.

Demeyer, D., Vanderressche, F., Verbeke, R., and Vandevoorde, G. 1981.
Low voltage electrical stimulation of beef carcasses: Distribution
of tenderizing effect in the carcass and relation to changes in
sarcomere length. Proc. 26th European Meeting of Meat Research
Workers. Vol. III. Wein, Austria. 6.

Devine, C. E. 1976. Accelerated conditioning of meat. Proc. New
Zealand Meat Ind. Res. Conf. 18:10.

Dutson, T. R., Yates, L. D., Smith, G. C., Carpenter, Z. L., and Hostetler,
R. L. 1977. Rigor onset before chilling. Proc. 29th Ann. Recip.
Meat Conf. of Amer. Live Stock and Meat Board. Pub. National Live-
stock and Meat Board, Chicago, IL 70.

Dutson, T. R., Smith, G. C., Savell, J. W., and Carpenter, Z. L. 1980.
Possible mechanisms by which electrical stimulation improves meat
tenderness. Proc. 26th European Meeting of Meat Research Workers.
Vol. II. Prepared by Amer. Meat Sci. Assoc., Chicago, IL 84.

Dvorak, N. 1979. On-rajl hot beef boning: An idea whose time has come.
Proc. 21st Annual Meat Sci. Institute. Athens, GA 45.

Elgasim, E. A., Kennick, W. A., McGil, L. A., Rock, D. F., and Sceldner,
A. 1981. Effects of electrical stimulation and delayed chilling
of beef carcasses on carcass and meat characteristics. J. Food
Sci. 46:340.

Erickson, D. B., McCoy, J. H., Riley, J. B., Chung, D. S., Nason, P. G.,
Allen, D. M., Dikeman, M. E., Fung, D. Y. C., Hunt, M. C., Kastner,
C. L., and Kropf, D. H. 1980. Hot processing: Economic feasibil-
ity of hot processing beef carcasses. Kansas Agric. Exp. Station
Bulletin. Bulletin 639.

Falk, S. N. and Henrickson, R. L. 1974. Feasibility of hot boning the
bovine carcass. Animal Science Research. Oklahoma Agric. Exp.
Station. 145,

Falk, S. N., Henrickson, R. L., and Morrison, R. D. 1975, Effect of
boning beef carcasses prior to chilling on meat tenderness. J.
Food Sci. 40:1075.



37

Follett, M. J., Norman, G. A., and Ratcliff, P. W. 1974. The anti-rigor
excision and air cooling of beef semimembranosus muscles at tempera-
tures between -5C and 15C. J. Food Technol. 9:509.

Forrest, J. C. and Briskey, E. J. 1967. Response of striated muscle to
electrical stimulation. J. Food Sci. 32:483.

Forrest, J. C., Aberle, E. D., Hedrick, H. B., Judge, M. C., and Merkel,
R. A. 1975. Conversion of muscle to meat. In "Principles of Meat
Science." W. H. Freeman and Company, San Francisco, p. 148.

Fung, D. Y. C., Kastner, C. L., Hunt, M. C., Dikeman, M. E., and Kropf,
D. H. 1980. Mesophilic and ?sychrotrophic bacterial populations
on hot-boned and conventionally processed beef. J. Food Prot.
43:547.

Fung, D. Y. C., Kastner, C. L., Lee, C. Y., Hunt, M. C., Dikeman, M. E.,
and Kropf, D. H. 1981. Initial chilling rate effects on bacterial
growth on hot-boned beef. J. Food Prot. 44:539.

George, A. R., Bendall, J. R., and Jones, R. C. D. 1980. The tender-
izing effect of electrical stimulation of beef carcasses. Meat
S¢i« 48],

Gilbert, K. V. and Davey, C. L. 1976. Carcass electrical stimulation
and early boning of beef. New Zealand J. Agric. Res. 19:429.

Gilbert, K. V., Davey, C. L., and Newton, K. G. 1977. Electrical
stimulation and hot boning of beef. New Zealand J. Agric. Res.
20:139.

Greathouse, J. R., Hunt, M. C., Dikeman, M. E., Corah, L. R., Kastner,
C. L., and Kropf, D. H. 1983, Ralgro-implanted bulls: Perform-
ance, carcass characteristics, longissimus palatability and
carcass electrical stimulation. J. Anim. Sci. Submitted for
publication.

Harsham, A. and Deatherage, F. E. 1951. U.S. Patent 2544681.

Henrickson, R, L. 1z75. Hot boning. Proc. Meat Ind. Res. Conf.
Sponsored by Amer. Meat Sci. Assoc. in cooperation with American
Meat Inst. Foundation, Arlington, VA 25.

Henrickson, R. L. 1981. Energy aspects of prerigor meat. Proc. 34th
Ann, Recip. Meat Conf. of Amer. Meat Sci. Assoc. in cooperation
with National Live Stock and Meat Board. Pub. National Livestock
and Meat Board, Chicago, IL 31.

Herring, H. K., Cassens, R. G., and Briskey, E. J. 1965. Further
studies in bovine tenderness as influenced by carcass position,
sarcomere length and fiber diameter. J. Food Sci. 30:1049.



38

Judge, M. D., Reeves, E. S., and Aberle, E. D. 1980. Effect of elec-
trical stimulation on the thermal shrinkage temperature of bovine
muscle collagen. Proc., 26th European Meeting of Meat Research
WOr;zrs. Vol. II. Prepared by Amer. Meat Sci. Assoc., Chicago,
IL 74.

Kang, J. 0., Ito, T., and Fukazawa, T. 1983. Effect of electrical
stimulation on postmortem property change of myofibrillar pro-
teins. J. Food Sci. 48:19.

Karpatkin, S., Helmreich, E., and Cori, C., F. 1964. Regulation of
glycolysis in muscle. II. Effect of stimulation and epinephrine
in isolated frog satorius muscle. J. Biol. Chem. 239:3139.

Kastner, C. L. 1977. Hot processing: Update on potential energy and
related economies. Proc. Meat Ind. Res. Conf. Sponsored by Amer.
Meat Sci. Assoc. in cooperation with Amer. Meat Inst. Foundation,
Arlington, VA 51,

Kastner, C. L. 1982a. Optimal hot processing systems for beef. Food
Technol. 37(5):96.

Kastner, C. L. 1982b. Principles and prattices of modern meat tech-
nology. J. Food Prot. 45:1145,

Kastner, C. L. and Russell, T. S. 1975. Characteristics of convention-
ally and hot-boned bovine muscle excised at various conditioning
periods. J. Food Sci. 40:747.

Kastner, C. L., Henrickson, R. L., and Morrison, R. D. 1973. Charac-
teristics of hot boned bovine muscle, J. Anim. Sci. 36:484,

Kastner, C. L., Sullivan, D. P., Ayaz, M., and Russell, T. S. 1976.
Further evaluation of conventional and hot-boned bovine longis-
simus dorsi muscle excised at various conditioning periods. J.
Food Sci. 41:97.

Kastner, C. L., Dikeman, M. E., Nagle, K. N., Lyon, M., Hunt, M. C.,
and Kropf, D. H. 1980. Effects of carcass electrical stimula-
tion and hot boning on selected beef muscles. Proc, 26th European
Meeting of Meat Research Workers. Vol. II. Prepared by Amer.
Meat Sci. Assoc., Chicago, IL 40.

Lochner, J. V., Kauffman, R. G., and Marsh, B. B. 1980. Early post-
mortem cooling rate and beef tenderness. Meat Sci. 4:227.

Locker, R. H. 1960. Degree of muscular contraction as a factor in
tenderness. Food Res. 25:304.

Locker, R. H. and Hagyard, C. J. 1963. A cold-shortening effect in
beef muscles. J. Sci. Food Agric. 14:737.



39

Locker, R. H. and Daines, G. J. 1976. Tenderness in relation to tem-
perature of rigor onset in cold shortened beef., J. Sci. Food
Agric. 27:193.

Lyon, M., Kastner, C. L., Dikeman, M. E., Hunt, M. C., Kropf, D. H.,
and Schwenke, J. R. 1983. Effects of electrical stimulation,
aging, and blade tenderization on hot-boned beef psoas major
and triceps brachii muscles. J. Food Sci. 48:131.

Marsh, B. B. 1972. Post-mortem muscle shortening and meat tenderness.
Proc. of Meat Ind. Res. Conf. Sponsored by Amer. Meat Sci. Assoc.
in cooperation with Amer. Meat Inst. Foundation, Arlington, VA 109.

Marsh, B. B. 1977. Temperature and postmortem change: Energy use and
meat quality. Proc. Meat Ind. Res. Conf. Sponsored by Amer. Meat
Sci. Assoc. in cooperation with Amer. Meat Inst. Foundation,
Arlington, VA 13.

Marsh, B. B. 1981. Properties and behavior of prerigor meat. Proc.
34th Ann. Recip. Meat Conf. of Amer. Meat Sci. Assoc. in coopera-
tion with National Live Stock and Meat Board. Pub. National
Livestock and Meat Board, Chicago, IL 75.

Marsh, B. B. and Leet, N. G. 1966. Studies in meat tenderness. III.
The effects of cold shortening on tenderness. J. Food Sci. 31:450.

Marsh, B. B., Woodhams, P. R., and Leet, N. G. 1968. Studies in meat
tenderness. 5. The effects on tenderness of carcass cooling and
freezing before the completion of rigor mortis. J. Food Sci.
33:12;

McCrae, S. E., Seccombe, C. G., Marsh, B. B., and Carse, W. A. 1971.
Studies in meat tenderness. 9. The tenderness of various lamb
muscles in relation to their skeletal restraint and delay before
freezing. J. Food Sci. 36:566.

McLeod, K., Gilbert, K. V., Wyborn, R., Wenham, L. M., Davey, C. L.,
and Locker, R. J. 1973. Hot cutting of lamb and mutton. J.
Food Technol. 8:71.

McKeith, F. K., Smith, G. C., Savell, J. W., Dutson, T. R., Carpenter,
Z. L., and Hammons, D. R. 1980. Electrical stimulation of mature
cow carcasses. J. Anim. Sci. 50:654.

McKeith, F. K., Savell, J. W., and Smith, G. C. 198la. Tenderness
improvement of the major muscles of the beef carcass by elec-
trical stimulation. J. Food Sci. 46:1774.



40

McKeith, F. K., Smith, G. C., Savell, J. W., Dutson, T. R., Carpenter,
Z. L., and Hammons, D. R. 1981b. Effects of certain electrical
stimulation parameters on quality and palatability of beef.

J. Food Sci. 46:13.

Nichols, J. E. and Cross, H. R. 1980. Effects of electrical stimula-
tion and eariy postmortem muscle excision on pH decline, sarcomere
length and color in beef muscles. J. Food Prot. 43:514,

ObTinge?,)J. L. 1982. Microbiology of hot-boned beef. Food Technol.
37(5):86.

Parrish, F. C. 1977. Skeletal muscle tissue disruption. Proc. 29th
Ann. Recip. Meats Conf. of Amer. Meat Sci. Assoc. in cogperation
with National Live Stock and Meat Board. Pub. Natijonal Livestock
and Meat Board, Chicago, IL 87.

Ramsbottom, J. M. and Strandine, E. J. 1949. Initial physical and
- chemical changes in beef as related to tenderness. J. Anim.
Sci. 8:398.

Rashid, N. H., Henrickson, R. L., Asghar, A., and Claypool, P. L. 1983a.
Biochemical and quality characteristics of ovine muscles as
affected by electrical stimulation, hot boning and mode of chilling.
J. Food Sci. 48:136.

Rashid, N. H., Henrickson, R. L., Asghar, A., and Claypool, P. L. 1983b.
Evaluation of certain electrical parameters for stimulating lamb
carcasses. J. Feod Sci. 48:10.

Salm, C. P., Mills, E. W., Reeves, E. S., Judge, M. D., and Aberle, E. D.
1981. Effect of electrical stimulation on muscle characteristics
of beef cattle fed a high energy diet for varying lengths of time.
J. Food Sci. 46:1284.

Savell, J. W., Smith, G. C., Dutson, T. R., Carpenter, Z. L., and Suter,
D. A. 1977. Effect of electrical stimulation on palatability of
beef, lamb and goat meat. J. Food Sci. 42:702.

Savell, J. W., Dutson, T. R., Smith, G. C., and Carpenter, Z. L. 1978a.
Structural changes in electrically stimulated beef muscles. J.
Food Sci. 43:1606.

Savell, J. W., Smith, G. C., and Carpenter, Z. L. 1978b. Beef quality
and palatability as affected by electrical stimulation and cooler
aging. J. Food Sci. 43:1666.

Savell, J. W., Smith, G. C., and Carpenter, Z. L. 1978c. Effect of
electrical stimuiation on quality and palatability of light-
weight beef carcasses. J. Anim. Sci. 46:1221.



4

Savell, J. W., Smith, G. C., Carpenter, Z. L., and Parrish, F. C., Jr.
1979. Influence of electrical stimulation on certain characteris-
tics of heavy-weight beef carcasses. J. Food Sci. 44:911.

Savell, J. W., McKeith, F. K., and Smith, G. C. 1981. Reducing post-
mortem aging time of beef with electrical stimulation. J. Food
Sci. 46:1777.

Schmidt, G. R. and Gilbert, K. V. 1970. The effects of muscle excision
before the onset of rigor mortis on the palatability of beef. J.
Food Technol. 5:331.

Schmidt, G. R. and Keman, S. 1974, Hot boning and vacuum packaging of
eight major bovine muscles. J. Food Sci. 39:140.

Schroeder, J. W., Cramer, D. A., and Bowling, R. A. 1982. Postmortem
muscle alterations in beef carcass temperature, pH and palatability
from electrical stimulation. J. Anim. Sci. 54:549.

Seideman, S. C., Smith, G. C., Dutson, T. R., and Carpenter, Z. L. 1979.
Physical, chemical and palatability traits of electrically stimu-
lated, hot-boned, vacuum-packaged beef. J. Food Prot. 42:651.

Seideman, S. C., Crouse, J. D., and Cross, H. R. 1983. High tempera-
ture conditioning of hot-boned beef primals. J. Food Quality.
In press.

Sleper, P. S., Hunt, M. C., Kropf, D. H., Kastner, C. L., and Dikeman,
M. E. 1983. Electrical stimulation effects on myoglobin proper-
ties of bovine longissimus muscle. J. Food Sci. 48:479,

Smith, G. C., Dutson, T. R., Carpenter, Z. L., and Hostetler, R. L.
1977. Using electrical stimulation to tenderize meat. Proc.
19th Meat Ind. Res. Conf. 147.

Smith, G. C., Dutson, T. R., Cross, H. R., and Carpenter, Z. L. 1979.
Electrical stimulation of hide-on and hide-off calf carcasses.
J. Food Sci. 44:335.

Smulders, F. J. M., Eikelenboom, G., and Van Logtestign, J. G. 1981,
The effect of electrical stimulation and hot boning on beef
quality. Proc. 27th European Meeting of Meat Research Workers,
Vol. I. Wein, Austria. 151.

Sonaiya, E. B., Stouffer, J. R., and Beerman, D. H. 1982, Electrical
stimulation of mature cow carcasses and its effect on tenderness,
myofibril protein degradation and fragmentation. J. Food Sci.
47:889,

Sorinmade, S. 0., Cross, H. R., Ono, K., and Wergin, W. P, 1982.
Mechanisms of ultrastructure changes in electrically stimulated
beef longissimus muscle. Meat Sci. 6:71.



42

Tang, B. H. and Henrickson, R, L. 1980. Effect of postmortem electrical
stimulation on bovine myoglobin and its derivatives. J. Food Sci.
45:1139.

Taylor, D. G. and Marshall, A, R. 1980. Low voltage electrical stimu-
lation of beef carcasses. J. Food Sci. 45:144.

Taylor, A. A., Shaw, B. G., and MacDougall, D. B. 1980. Hot deboning
beef with and without electrical stimulation. Meat Sci. 5:109.

Walker, D. J. 1982. Hot processing in Australia. Proc. International
Symposium on Meat Sci. and Technol. Lincoln, NB. In press.

Will, P. A., Henrickson, R. L., and Morrison, R. D. 1976. The influence
of delay chilling and hot boning on tenderness of bovine muscle.
J. Food Sci. 41:1102.

Will, P. A., Henrickson, R. L., Morrison, R. D., and Odell, G, V. 1979,
Effect of electrical stimulation on ATP depletion and sarcomere
length in delay-chilled bovine muscle. J. Food Sci. 44:1646.

Will, P. A., Ownby, C. L., and Henrickson, R. L. 17980. Ultrastructural
postmortem changes in electrically stimulated bovine muscles. J.
Food Sci. 45:21.



Chapter III

EFFECTS OF ELECTRICAL STIMULATION, HOT BONING AND CHILLING
ON BULL SEMIMEMBRANCSUS MUSCLE

ABSTRACT

Taste panel, Warner-Bratzler shear force (WBS) and cooking loss
characteristics of the semimembranosus (SM) muscles from thirty elec-
trically stimulated and hot boned (ESHB) or control young bull sides
were evaluated. One side from each carcass was electrically stimulated
(ES) at 45 min postmortem with 2 min of pulsed (.68 sec on, .32 sec off)
alternating current (420 V, 60 Hz). Approximately 1 amp was delivered
through the carcass. At 2 hr postmortem the SM was excised from each
ES side, loosely wrapped in oxygen impermeable film and chilled in a
tray (ESHB-tray) or in a cardboard box (ESHB-box). The SM from each
contrel side was removed at 48 hr postmortem. All control carcasses
and ESHB muscles were chilled initially at 5 to 7°C until 24 hr post-
mortem, and then stored at 2 to 4°C for an additional 24 hr. At 48 hr
postmortem, WBS and taste panel steaks were cut, vacuum packaged, aged
(2 to 4°C) until 6 days postmortem and then were frozen at -20°C until
evaluated. Taste panel beef flavor was scored as more intense (P<.05)
for the control steaks than for steaks from either of the ESHB treat-
ments. No other differences between treatments were found (P>.05) for
WBS, cooking losses or taste panel traits.
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INTRODUCTION

The use of young bulls for block beef production is gaining increased
attention because bulls have more rapid and more efficient gains and
leaner carcasses than steers or heifers. However, research has shown
bull meat to be more variable in palatability (particularly tenderness)
than steers or heifers of the same chrcnological age (Seideman et al.,
1982). Hot boning too has received much attention because of the poten-
tial economic benefits of that process (Cuthbertson, 1979; Erickson et
al., 1980).

Storage of hot boned (HB) muscle at approximately 5°C followed by
aging at conventional refrigeration temperatures has produced steaks
equal in tenderness to control comparisons (Follett et al., 1974; Lyon
et al., 1983). However, Buchter (1977), using comparable storage condi-
tions and aging practices, found the HB product to be less tender than
control counterparts. But, when electrical stimulation (ES) was coupled
with similar storage and aging conditions, HB muscles were equal or
superior to control counterparts (Axe et al., 1983). Even though sev-
eral ESHB systems have been successful (Kastner, 1982), electrical
stimulation and hot boning should be further evaluated. This s par-
ticularly true for young bull beef as the spectrum of ESHB systems
needs to be evaluated in light of present and future production prac-
tices. Additionally, ES may not only aid HB, but may also reduce the
variability in tenderness experienced with bull beef (Riley et al.,
1983). Even though ESHB studies involving bulls have produced a product

that was equal (Smulders et al., 1981) or superior (Buchter, 1982) to
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control comparisons, these involved ES, HB and storage and aging proce-
dures different than those of this study.

Thus, our ocbjective was to evaluate the effects of electrical
stimulation, hot boning and chilling on the palatability and cocking

loss characteristics of young bull semimembranosus muscle.
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EXPERIMENTAL METHODS

Thirty Angus bulls were allotted to three groups of ten bulls each.
At 320 days of age, bulls were placed in dry lot pens and fed a 75%
concentrate ration. Animals in group 1 were implanted with Ra]gro® (a

protein anabolic metabolite from Gibberella zeae) at birth and at 106

day intervals until slaughter. Animals in groups 2 and 3 were not
implanted (Greathouse et al., 1983). Table 1 contains carcass char-

acteristics of the three groups.

Table 1 - Means for carcass characteristics for bulls.

Hot Adjusted
Group Live carcass USDA fat Avg. age
weight, kg weight, quaTTEy thickness, days
kg grade cm
1 501 309 Good-87 1.57 522
2 515 326 Good-76 1.32 552
3 454 279 Good-75 1.02 581

Grade superscript, 67-100 = High Good.

Normal slaughter procedures were followed. At 45 min postmortem,
one side of each carcass was electrically stimulated for 2 min with
420 volts (V) of pulsed (.68 sec on, .32 sec off) alternating current
(60 Hertz, Hz). Approximately 1 amp was delivered through the carcass.
Stimulation was accomplished by inserting one stainless steel probe

laterally along the humerus and one in the posterior end of the
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semimembranosus (SM) muscle. ES was randomly assigned between sides of
gach carcass. AT 2 hr postmortem, the SM muscle was hot boned (HB) from
the ES side (ESHB), loosely wrapped in oxygen impermeable film and chilied
at 5 to 7°C in a cardboard box (ESHB-box) or in a tray (ESHB-tray) at 5 to
7°C. ESHB box and tray treatments were randomized within each group.

Control sides were chilled at 5 to 7°C until 24 hr postmortem and
then stored at 2 to 4°C until 48 hr postmortem. At that time, those
sides were ribbed, carcass data were collected, and the SM muscles were
excised.

Temperature and pH decline data were collected at 45 min (pH only),
2, 4, 6, 8 and 24 hr postmortem for all treatments. Thermometers were
inserted in the approximate center of the SM muscle, 20 cm above the
pubic symphysis; cores (1.27 cm diameter) for pH determinations were
removed from an area 2.5 cm posterior to the pubic symphysis. A 1 to
2 g sample was blended with 10 m1 of 5 mM NalAc in 150 mM KC1 (Bendall,
1973) and the pH determined.

Steaks for taste panel and Warner-Bratzler shear force analyses were
cut from ESHB-box, ESHB-tray and control SM muscles at 48 hr postmortem.
Two adjacent 2.54 cm steaks were removed from the proximal end of each
SM muscle. Steaks were vacuum packaged in oxygen impermeable film and
aged in a cardboard box at 2 to 4°C until 6 days postmortem. After
aging, steaks were frozen and stored at -20°C until evaluated.

After not more than 7 months of frozen storage, four pairs of
steaks from the ESHB and control treatments (eight steaks total) were
randomly selected for taste panel evaluation. Steaks were thawed

overnight at 2°C and modified oven broiled at 163°C to an internal
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temperature of 70°C. Al1l cooking temperatures were measured with a
thermocouple attached to a potentiometer. Taste panel cores were
removed perpendicular to the meat surface using the drill press method
of Kastner and Henrickson (1969). The 1.27 cm diameter cores were kept
warm in egg poaching pans which were warmed with hot water.

A six-member taste panel was selected, trained and served in accord-
ance with AMSA Guidelines for Cookery and Sensory Evaluation of Meat
(AMSA, 1978). Panelists scored the SM cores for juiciness, flavor
intensity, myofibrillar tenderness, overall tenderness and connective
tissue amount, using an 8-point scale for each trait (8 = extremely
juicy, extremely intense flavor, extremely tender or no connective
tissue; 1 = extremely dry, extremely bland flavor, extremely tough
or abundant connective tissue). Serving orders were randomized and
no more than two sessions were held per day.

Steaks for Warner-Bratzler shear force evaluation also were analyzed
for total cooking losses. Thawing and cooking procedures and sample
testing order were the same as for the taste panel steaks. However,
before cooking, all subcutaneocus fat was removed from the steaks; steaks
were 1ightly blotted, weighed, cooked, 1ightly blotted and reweighed.
Raw and cooked weight differences were used to calculate total cooking
losses. After cooling for 2 hr to 21°C, eight 1.27 cm diameter cores
were removed in the same manner as for taste panel samples. Cores were
sheared once with a Warner-Bratzler shear device and the average peak

shear force was calculated.



Statistical Analysis

Analysis of variance was used to test for differences; groups 1,
2 and 3 were pooled. Where differences (P<.05) existed among the
treatments, means were separated using the least significant differ-

ence procedure (Barr et al., 1982).
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RESULTS AND DISCUSSION

Taste Panel, Warner-Bratzler Shear Force and Cooking Loss

Means for taste panel, Warner-Bratzler shear force (WBS) and cooking
loss values from ESHB-tray, ESHB-box and control side treatments are pre-
sented in Table 2. Beef flavor was scored as more intense (P<.05) for
control steaks than for steaks from either ESHB treatment. No differ-
ences were found for other taste panel traits and WBS values (P>.05).

Our results agree with Axe et al. (1983) who stimulated steer sides
and then hot boned, stored and aged steaks for times and at temperatures
similar to those used in this study. Our procedures were different from
those authors in that the pulse rate during stimulation was different
and subprimals, not steaks, were aged. Our ESHB technique improved upon
the technique of Kastner et al. (1980) who evaluated SM muscles from
steer sides that were ES (continuous, not pulsed) at 1 hr, HB at 2 hr
postmortem and aged at 1 to 5°C until 6 days postmortem. Even though
our treatments were different from those of Buchter (1982) and Smulders
et al. (1981), our results agree with those authors in that the ESHB
systems may be successfully applied to bull carcasses.

Contrary to our results, some researchers have reported that ES
increased taste panel beef flavor intensity as compared with unstimulated
carcasses (Davey et al., 1976; Savell et al., 1978; Greathouse et al.,
1983). Elgasim et al. (1981) and McKeith et al. (1981) found beef flavor
unaffected by ES and Corte et al. (1980), Kastner et al. (1980) and Axe

et al. (1983) reported beef flavor unaffected by ESHB.
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Table 2 - Taste pane1a, Warner-Bratzler shear force and cooking loss
means by treatments for the semimembranosus muscle.

Variable Control  ESHB-tray® ESHB-box®  Std. dev.
of means
Flavor intensity 6.1 5.9° 6.0° +0.05
Juiciness L 5.3 5.3 + 0,12
Connective tissue amount 5.4 5.4 5.5 + 0.10
Myofibrillar tenderness .o 547 D + 0.11
Overall tenderness 5.5 5.5 5.5 £ 0.11
Warner-Bratzler
shear force (kg) 3.8 3.7 3.7 + 033
Cooking loss (%) 27.4 25,0 27.2 + 1.20

very intense, very juicy, practically none or
very tender;

a
Scores: 7

6 = moderately intense, moderately juicy, traces, or
moderately tender;

5 = slightly intense, slightly juicy, slight or
slightly tender.

bMuscIe chilled in a tray.

CMuscle chilled in a box.

deMeans within same row with different superscripts differ (P<.05).
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Cooking Tosses for the ESHB-tray, ESHB-box and control steaks were
not different (P>.05, Table 2). These results disagree with Axe et al.
(1983) who found decreased cooking losses for SM samples from ESHB

steers when compared with control counterparts.

pH and Temperature Declines

Side ES at 45 min postmortem effectively increased the pH decline
in both ESHB treatments as compared with the control treatment (Fig. 1).
By the time the SM was hot boned at 2 hr postmortem, the mean pH had
attained 6.0. Controls reached pH 6 by 4 hr postmortem. Susceptibility
to cold shortening is reduced after a pH of 6 is attained (Chrystall,
1976). Thus, cold shortening should not have been a problem in either
ESHB treatment or the controls. When temperature declines (Fig. 2) are
examined, both ESHB treatments were approximately 38°C at 2 hr post-
mortem. Bendall (1972) reported carcasses should not be chiiled to
10°C before 10 hr to avoid cold-induced toughening. At 10 hr post-
mortem, temperatures for all treatments were well above 10°C, further
evidence that cold shortening conditions did not exist for any of the
treatments.

Figure 1 also illustrates that between 2 and 10 hr postmortem,
ESHB-box muscles had a slightly increased pH decline as compared with
ESHB-tray treatment. This agrees with the findings of Rashid et al.
(1983) who found pH declines in ES ovine muscle to be increased by
slowing the chilling rate. However, differences in their pH declines
between the two ES treatments were of a greater magnitude than in our

study. Rashid et al. (1983) slowly chilled sides at 14°C for 5 hr,
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Figure 1 - Postmortem pH decline for the semimembranosus muscle by
treatments.
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Figure 2 - Postmortem temperature decline for the semimembranosus
muscle by treatments.
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while faster chilling was accomplished at 2°C. No difference in pH
declines for fast and slow chilling treatments was reported for non-gS
muscle (Bendall, 1972); however, a study by Marsh (1954) showed that
chilling rate affects the relative rate of pH decline in non-ES muscle.
Fung et al. (1981) studied the effect of initial chilling rate on
the microbial quality of hot-boned beef. These researchers reported
that chilling HB muscle to 21°C within 9 hr of boning increased bac-
terial quality, color and odor scores as compared with slower chilling
rates. Muscle chilled using the ESHB-tray treatment reached 21°C
within 4 hr of boning (6 hr postmortem), but muscle chilled more
slowly (ESHB-box) did not attain this temperature until approximately
10 hr after boning (12 hr postmortem, Fig. 2)}. The ESHB-tray treatment
would 1ikely produce SM muscle of higher microbial quality as compared
with the ESHB-box treatment without affecting the palatability of the

product.



SUMMARY

Young bull SM tenderness and cooking Toss characteristics were not
adversely affected by side ES at 45 min postmortem and HB at 2 hr post-
mortem or by chilling the muscle in trays or boxes at 5 to 7°C ambient
temperatures for the first 24 hr then 2 to 4°C for a further 5 days
when compared with conventional processing. Chilling conditions sim-
ilar to those of tray-stored cuts would likely be the most compatible
with acceptable microbial quality (Fung et al., 1981). ES accelerated
postmortem glycolysis in the HB muscle, resulting in relatively low pH
values at high temperatures, and thus reduced the possibility of cold-
induced and pre-rigor excision toughening observed in some HB systems

(Kastner, 1982).
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Table 3 - Degrees of freedom, mean square error terms and F-values
for taste panel traits, Warner-Bratzler shear force and cooking
loss percentage means for the semimembranosus muscle.

Source of Variation D.F. M.5: F
Flavor Intensity 57 0.0707 2.84*
Juiciness 57 0.4462 0.45
Connective Tissue Amount 57 0.2964 0.19
Myofibrillar Tenderness 57 0.3937 0.03
Overall Tenderness 57 0.3671 0.08
Warner-Bratzler Shear Force 57 3.,2057 0.12
Cooking Loss 57 43,1152 0?3

*
P<.05.
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Semimembranosus temperature
location, 20.3 cm above
pubic symphysis.

Semimembranosus pH sampling
area, 2.5 cm above pubic
symphysis.

- . ,]

Figure 3 - Temperature and pH sampling locations.
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Figure 4 - Sampling arrangement for the semimembranosus muscle.
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Taste panel, Warner-Bratzler shear force (WBS) and cooking loss
characteristics of the semimembranosus (SM) muscles from thirty elec-
trically stimulated and hot boned (ESHB) or control young bull sides
were evaluated. One side from each carcass was electrically stimulated
(ES) at 45 min postmortem with 2 min of pulsed (.68 sec on, .32 sec off)
alternating current (420 V, 60 Hz). Approximately 1 amp was delivered
through the carcass. At 2 hr postmortem the SM was excised from each
ES side, loosely wrapped in oxygen impermeable film and chilled in a
tray (ESHB-tray) or in a cardboard box (ESHB-box). The SM from each
control side was removed at 48 hr postmortem. A1l control carcasses
and ESHB muscles were chilled initially at 5 to 7°C until 24 hr post-
mortem, and then stored at 2 to 4°C for an additional 24 hr. At 48 hr
postmortem, WBS and taste panel steaks were cut, vacuum packaged, aged
(2 to 4°C) until 6 days postmortem and then were frozen at -20°C until
evaluated. Taste panel beef flavor was scored as more intense (P<,05)
for the control steaks than for steaks from either of the ESHB treat-
ments. No other differences between treatments were found (P>.05) for

WBS, cooking losses or taste panel traits.



