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INTRODUCTION 

The r~moval of muscle and/or muscle systems from the bovine 
skeleton_ ,may be· initiated within 30 to 45 minutes after bleeding. This · 
period may be less, provided one can achieve skinning, washing, inspecting 
and electrical stim,ulating within a snorter period. Two approaches have 
been used for early removal of muscles. First, beef muscles excised at 
2, 5 and 8 hour post-mortem without elect~ical stimulation were held 
for 8 ~ours at 16°C, before boning to reduce quality changes due to rigor 
mortis [39·, 16]. Thus, one may accelerate the glycolytic process by mainta
ining the tissues at a high temperature. Second, many studies have been 
reported where · electrical stimulation was used to accelerate the onset 
of rigor mortis to allow early boning of beef muscles [44, 21, 81 1 62]. 
Hot boned beef muscles stimulated at 1 hour post-mortem were con
ventionally boned at 24 hours [20]. All of the stimulated muscles were . . 

more tender- and more uniform in tenderness than the unstin1ulated 
muscles. Rapid cooling of the tissues can be initiated vvhen the pH is 
below 6.0 and the ATP content is 500/o of its initial level, without a change 
in tenderness due to cold shortening [7, 44, 72]. Electrical stimulation 
was further demonstrated to provide a positive effect on tenderness [b7]. 
Thus, the generał opinion of research workers is that hot boning can 
be .initiated within 1 hour post-mortem by appropriate post-nwrteni 
carcass handling practices without affecting beef quality. 

The well-known biochemical and biophysical changes occurring in 
muscles in its conversion to meat will be re-=emphasized. After death, 
mo~t of the -changes in muscle occur in the nonprotein nitrogen and 
glycogen f ractions. However same prof o und changes also occur in the 
muscle fiber components during rigor mortis. These important biochemical 
and biophysical changes are complete in about 24 hours after slaughter 
at cold storage ten:iperature. When the blood supply to -the muscle has 
terminated the ATP level is maintained by the breakdown of creatine , 
phosphate which serve to phosphorylate ADP to ATP. O_ne theory 
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:~ :1ggests that calcium ions are released from the muscle fiber sarcoplasrnic 
reticulu1n or mitochondria [10]. The ions activate the adenosine ~:ri- · 
pbosph(lte {ATP)- to adenosine diphosphate (~DP). · The fiber need for 
,-~·:..!-) initi ates the breakdown of glycogen to lactate and hydrogen ions. 
A':= a result of glycolysis, and catabolized creatine phosphate, some ADP 
is phosphorylized to ATP until either all the glycogen is depleted or the 
b,lycolytic enzymes are inactivated by a low pH. On termination of 
glycolysis, the remaining.ATP and ADP is tran~formed to inosine mono
phosphate (IMP). This loss of ATP causes the muscle proteins actin 0nd · 
n1./ osin to associate forming the actomyosin complex. __ As cthis ass~ciation -. 
tak0s place, meat is considered to be in rigor [47]. When the pH fa lls . . • 
es r1 result oJ lactic acid formation, the water holding capacity (WHC) -~ 
l.s greatly ctecreased [25]. · --

The anaerobie cPnversion of g1ycogen to lactic acid causes a r apid .· 
decline c,f ATP ioll_owed by the parallel loss of muscle fiber extensibility.' .. · 

~ Thus, the 3cid fo„r 'mation which invariably occurs in the COJlvetsion of 
m~,scle t i) n1ea pro .Tidts same quality advantages, as well~ as disadvan
tagr~s. A le,;,;_, ~,H ( 5.4) is desirable for a bright lean color, bacterial control, 
and c l~re ~(Jlo:r cł e /~-·~oprnent, b ut it causes a reduction in water-holdi.ng 
capacit"' a ~~j i.r'l the ~:~et ention of water soluble nutrients. Therefore, it 
seen1~ hgical and desirable for the processor to take full advantage of 
tb.2se biochemical and biophysical changes in the heat processing of 
i ;' ,Jat to achie\·c t1uality products, as well as the conservation of 
cn ::-re!v. I . 

" .JO,/ 

~~ ?f !?Sent kne:v'v'](Jdge of pre-rigo·r muscle and the processes of rigor 
·rrw ··ti s s ugge~ts th&t a rapid heat treatment of . pre-rigor muscle w ould 
in1ctivate the enzymes before much progress t_oward rigor could proceed. 
The re3uHing cook td product would have a high water-holding capacity, 
and be E-1ere t ender than rneat heated post-rigor. The color of the cooked 
product sh-~~ uld be no diff erent than would be expected in post-rigor 
m1,:;·&t. A brit:f study using one bovine muscle indicated -thą.t meat quality 
ca~ be achievetl through controlled heating of pre-rigor muscle [9]. Deep 
rat fried pre-rigor stec: ke3 were found to be tnore tender than post-rigor 
lried steaks [60]. Thus, it seems that . time after death, heating rate, 
and the degree of doneness are all critical features in the preparati_on of 
pre-riyor muscle to arrest the rigor process. 

The application of an electrical stimulus to bovine .- musclę increases 
the post-mort em glycolysis of mu~cle which initiates the on set of · rigor 
mortis at an earlier time sequence. Therefore, induction of electrical 
curr cnt through the bovine muscle shortly after death permits an e~rly y

fabrication of the carcass to boneless cuts prior to chilling. This accelerated 
processing technology has enc9uraged earlier · cutting .and the incorpora-
ting of "hot'' meat into manufactured products. · 

Improved tenderness and reduced cooking loss are the major i~cen
tives for the development of a pre-rigor heating process. O~her advantag~s 
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suggests that calcium ions are released from the mu~C~~ · fiber sarcoplasmk 
reticulum or mitochondria [10]. The ions activate •:·the adenosine tri~ -· 
phosphate (ATP)· to adenosine diphosphate (~DP). - Th~ fiber need foi 
ATP initiates tJie breakdown of glycogen to lactate . ·and hydrogen ions. 
As a result of glycolysis, and catabolized · creatiile phosphate, some ADP 
is phosphorylized to ATP until either all the glycogęn is depleted or the 
glycolytic enzymes are incictiVated by a tow J)H. _ On termination of 
glycolysis, the remaining.ATP and ADP is · .trans:,fąi;meą; -·t,Q • illosine moną7 ·· _ 
phosphate (IMP). This loss of A'l:P causes the mtiscle -proteins actin and_ :. 
myosin to associate forming the actomyosin- complex . ..,..As ,this associatio~•-. 
takes place, meat is considered to . be in dg9r [47]> .WP.ęn ,the pH fa~ł:8· · 
as a result of lactic acid .f ormation, the wa ter holding ca paci ty (WHq) . ,j 
is greatly decreased [25]. . ·· "· 

The anaerobie conversion of gilycogen to lactic acłd ea:uses a rapią:· · : . 
decline of ATP followed by the parallel loss ' óf · musc~e-fiber · extensibility. · · 

· Thus, the acid f · mation Which invariably ocCurs in the· copversion ói · 
muscle to meat provides some quality advantages, as well ·as disadvan
tages. A loW pH (5.4) is desirable for a bright lean colo:r;, · ba~tetial control; · 
and C\lre color development„ but it causes a reduction in water-holding 
Capacity and in the retention Of water soluble·-nUtrients~ Therefore, it 
secms logical and desirable for the processor 'to · take--iull _advantage of · -
these biochemical and biophysical changes in the · beat processing of · · 
meat to achieve quality p·roducts, as . well -as_ /h~:" cóhservation °f

1
_ 

energy. ___ ·; ~ . , . , , .... : , • . ;.., · ; . · ·. 

· Present knowledge .of pre-rigo'r m,uscle- and -' ihe_ prooeSses of rigo~. :, 
mortis suggests that a rapid heat . treatment of . pre„rigót muscle would: · 
inactivate the enzymes before much progi-ess· toward rigor ·c;ould proceed: 
The resulting cooked product would have a high wa ter-holding capacity, · 
and be more tender than meat heated post-rigor. T-lie 'cólor of the cooked. · 
product should be no diff erent 'thań. : wOuld· ·be'. ef pected in post-ri~or. : · 
meat. A brief study using one bovine musćle . iń:dtcated th~t meat quality, :: ·. 
can; be achieved through cońtrolled heating. of prre,;.'ńgor : m\lscle [9]. Dee~: :· 
fat fried pre-rigor _steakes were found to: be~'~tnore· tender: than post-rigtJr _-,; 
fried steaks [60]. Thus; it seems that · time, affor death heating rate/ :': 
and . the degree of doneness are all , eriti~~l feŚtJl,tes· 1~--the' preparati_on .(:)f ... 

. pre-rigor ·muscle to arrest the· rigor-proCess. - ·. · · ··/ · ··.· · · -1 
• • ' • > 

The application of, an ·-electrical stimulus -' .to ·. bovine,·· musclę increases. 
the post-mortem glycolysis .of mu~cle "which · initiates ·the · ·oriset. of · ri~or \~· 
mortis at an earlier time sequence. Therefore, - ińductioll· ·óf electrical _:_:• 

· current through the bovine muscle: shortly aft~r · death. per-:mits art -e~r1J:.~i~ 
fabrication of the cai"cass to boneless cuts prior· tO- Ćhilling. This accelerate~ · .. 
processing technology · -has encc;>tiraged ęar~er - utting- •.and t~e. incorp~ra-.: .. ; 
ting of "hot" meat into manufactµred • pro4ucts. '- · · . ; ·. "\ ·; • 1 

•. ._ ' • · .:· " • 

· Improved tendemess ·and reduced coo~ing · 10s~ • ·ar~ the, m~jor "iD:c~n- ~ -
tiv~s for the development of a pre-rigor heating proąess: Other ,advantagęs 

- • l 
- • • ,J 

.·• .. 
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would ~include lower microbial contamination, reduced heating time, iess 
labor costt and !ower energy requirements for each heating process. The 
objective ; of this paper is to assemble · and presęnt inforrnation on the 
use of. '~hot" meat in the manufacture of meat produc~.-

MUSCL~S AND MUSCLE SYSTEM 

· The published research on "hot" boning of the bovine carcass suggested 
that hot_ bontng of błock beef is feasible [68, 39, 30, 69, 41 , 81, 62, .44] . 

• The . importance of seaming muscles to reduce drip loss from the raw 
tis~u,.(?S .was ,fOund to be important [32]. Early sectioning of lamb carcass 

.- ~as ·c.lso_ lound. to be feasible [45, 46]. "Hot" cut pork m uscle was repo~ted 
equal . i~ Otrei-an quality to the conventionally prepated cuts [47, 29]. 

·- Cured : p0rk •products were also found to have acceptable quality [47J; 
Seven pork muscles from the hot carcass were ·excised and exposed to 
~ tempe;rature· of 0°C [53]. Marsh ·[53] found that the muscle varied as to 
their tenderness response. This tenderness difference was caused by the 
individual muscles response toward the development -of rigor mortis; 
With this preponderance of evidence, it appears thai the meat industr.y 
could welf afford to consider mare eff icient alternate methods of process
ing thę :human meat supply, particularly now since electrical stimulation 
has become so, well-~ccepted._ Pre-rigor muscles and/or muscle system~ 
vacuum _packaged and ·then cooled, provided . some quality · advantages 
[39, 68., q9]. ·By applying · a vacuum pack?ge, meat is less subject to 
bacteri_al cantamination arid can be boxed for storage or shipment. Freezing 
of va~uum ·. paCkaged muscles from electric8Uy stimulated carcasses, . 
removed , 1. hour post-mortem, shoud be delayed t9' avoid tenderness. 

· variation [12]. Cross and Tennent [12] suggested that further work will 
be ·required. to identify precisely h-Ow rapidly the .temperature can be 
red~cęcL .. · 

. . 

I 
COOKING PRE-RIGOR MUSCLE 

: . -·' . 

~Concern~ for processing costs has increased the need for more efficient 
systems of food preparation. One approach has been to centralize food. 
preparatio.n so as to reduce the · need for equipment and energy. This 
has led to pre-cooked rneat. , , · 

-: · Preo:-cooked meat items have become po.pular for institutional f eeding 
and• 1n . '~eli" niarkets. ; Some of these meat ite:ins are roasts, steaks, 
grourtd ·b~ef ·Iuncheon meat · canned stew, hamburger patties and TV 

. ' ' .. 
dinners. Studies have shown that ·tneat cooked immediately after rigor. 
mortis is relatively tough, but meat cooked pre-rigor is relatively terider 
rss, 64, -ao, 15, 52; ao~ \9J. ... - _ , : · - - · _ -. 
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lf the beat treatment is extręmely rapid ·and. e~te.nded far -_ enough, 
enzyme denaturation would . occur before significant · progress toward 
rigor coulg. take place [54] . . Present _ kno~leQge· -of . the~. ·.r~gor process 
suggests that meat coo~ed pre-rigor would not only be te~der but would 
possess a high water-holding capacity. Some cOncern for shape of the 
roast was expressed [9, 65]. Treatment -of the nieat prior .to cooking and 
the heatiI).g method would seę_m to be. important· .criteria -for the pre
cooking of pre-rigor meat Heat rigor n~des in all ,the cooked, hot bone~ 
tissues were observed, but they -were more freque_h~ly_-bbserved in the 

1
tissues heated by ·microwaves [60, . 56]. Thus, it 'Sppears tliat microwave 
cookery is too -rapid while oven cookery is too slow. The optir~1um. heating 
temperature rate,., and cooking end-point are; areas for further ·research. 

GR.OUND BEEF 

The demand for gróund .beef has become very extęnsive as a result of 
convenient eating establishment and the varied uses which the consumer 
has made of this meat item. 'The present U.S. -consumption is approxi
mately 18.2 kg per capita with an expected 250/o incre.ase in tl).e next 
5 -years. · · . 

Meat for grinding has, in ~he• past., be·en produced ·fróm :-cow beef. In 
plants where hot boning is practiced, . witho-ut · ·eiectr.ical. stimulation, the 
carcass is boned on the taił - as an extension of ·the slaughter ·line. In most 
cases boning is initiated witąin ·· 1' hour .after -bleeding.;. It~~akes· approxi
mately 15 minutes to free the skeleton of tissu~s. ·The tndividual muscle 

. . ; ., . 

picces are moved by _ conveyor; -,~o ·the point o·f : pa·c~ag'ing- .or. grinding~ 
P.re-rigor beef was used fór frozen ground .beei J)·attie~ [37].. They found 
the shrink during freezing, rartcidity ··development,· and 1ightness of cólor · 
were basically thę same as for post-rig~r- prepared P.atties. The· pre-rigor 
patties had a higher· pH, reduced cooking loss and greater acceptability 
by consu~ers fo·r: tenderness, juiciness, and overall palatability. Th_ese 
data along ~ith others indicated that the . use . ef pre~Tig9r-.grou~d beef · 
patties . could result in a saving of time and energy to_ pl"Ocessors [33). 
An evaluation <;>f patties for microbial content ·showed that pre-rig~r 
processing may ·permit slightly more aerobic· .microorganisms [37]. ~owe
ver, they ·were unable to recover any ąalmonella ,and the Staphylococci 
levels. were the same as for cold boned. The' shell life of hot-boned 
ground be~f from carcasses ~hich had received electrical stimulation was 

. prolonged by~ days [63]. Rac~ach ·an~ Henrickson [.6.3] were tmable to 
detect Clostridium prerfringens, _Salmonella, · or, .. Coliform, but founc;ł 
Staphylococcus aureus · at a level ąf 10 cell~ per .-·gr~nł. ·. 

The bacteriological traits of pre-rig()r park sausage Were evaluated and 
associated with organolepti~ traits · (42]. Lin e~ :al . .. [~21 found _ pr.e-rigor 
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INTRODUCTION 

The r~mova1 of mllscle and/or muscle systems from the bovine 
ske~eton .. may be, initiated within 30 to 45 minutes ałter bleeding. This • 
period may be less, Provided one can achieve skinning, washing, inspecting . 
and electrical stimulating within a sliorter period. Two approaches have 
been used for early removal of muscles. First, beef muscles excised at 
2, 5 and 8 hour post-mortem without elect~ical stimulation were held 
for 8 hours .at 16°C, before boning to reduce quality changes due to rigor 
~?rtis (39·~ 16]. Thus, one may accelerate the glycolytic process by mainta
ining the tissues at a high temperature. Second, many studies have been 
reported where · electrical stimulation was used to accelerate the onset 
of r.igo.r mortis, to allow early boning of beef muscles [44, 21, -81, 62]. 
Rot boned b~ef muscles stimulated . at 1 hour post-mortem were con
ventionally boned at 24 hours [20]. All of the stimulated muscles were 
more tendeJ? •and more u~iform in tenderness · than the UJ?.stimulated 
muscles. Rapid cooling of the tissues can be initiated when the pi-I is 
helow 6.0 and the ATP content is 500/o of its initial level, without a change 
in tenderne~s due to cold shortening [7, 44, 72]. Electrical stimulation 
Was fiqther demonstrated to provide a positive eff ect on tenderness [67]. 
Thus„ the generał opinion_ of research workers is that hot boning can 
be .. initiated within 1 hour , post-mortęm . by appropriate . post_-mbrtem 
careass , handling practices without affect_ing beef quality. · · 

The- well-known biochemical and biophysical changes occurring in 
mu~cles, in. its conversion . to meat will be ·re...remphasized. After death, 
most of · the ·-changes in . ~uscle oc~ur in the · nonprotein nitrogen and 
glycog.en 4 fractions. However some prof o und changes also occur in the 
~li~cle .fiber compone.nts during rigor mortis. These important biochemical 
a~d biophysical changes are _complete in about 24 hours after slaughter 
at cold storage · tei:J:ipe_rature. When the blood supply to -the muscle has 
terminated, the ATP level is maintained by the breakd_own of creatine 
Phosphate which serve· to• phosphorylate ADP to ATP. 0,ne theory 

; •• I l1o. , 

„ ł ;; ,O 



r • , 
I :·· R. L. Henrickson . 

226 ----- ---- - ----~----------:;-- -:------- -
I 

suggests that calcium ions are released from the muscle fiber sarcoplasmic 
reticulum or mitochondria [10]. The ions activate •: the adenosine tri- · 
phosphate (ATP)· to adenosine diphosphate (~DP). - The fiber need for 
ATP initiates t_he breakdown of glycogen to lactate and hydrogen ions. 
As a result of glycolysis, and catabolized creatine phosphate, some ADP 
is phosphorylized to ATP until either all the glycogen is depleted or the 
glycolytic enzymes are incictiVated by a low pH. On termination of 
glycolysis, the remaining.ATP and ADP is · tran~.fo~rne:~ :to, i~osine mo-no
phosphate (IMP). This loss of A'rP causes the mllscle proteins actin and 
myosin to associate forming the actomyosin· complex. As .th1s association 
takes place, meat iS considered to be in rigor {47]. -WP.en ,the pH falls · · 
as a result of lactic acid formation, the water holding capacity (WHC) -~ 
is greatly decreased [25]. 

The anaerobie conversion of g•lycogen to lactic acid ~auses a rapid_ 
decline of ATP followed by the parallel loss ' of muscle-fiber extensibility. 

• Thus, the acid. f mation which invaria-bly occurs in the~ cOJlversion of 
muscle to meat provides some quality advantages, as well as disadvan
tages. A loW pH (5.4) is desi~able for a bright lean colo:i;-, ba~terial control, 
and cµre color ·development, but it causes a reduction in water-holding 
capacity and in the retention of water soluble , nutrients.: Therefore, it 
seems logi cal and desirable for the processor to take ·.·1 ull advantage of 
these biochemical and biophysical changes in the beat processing of 
meat to achieve quality p·roducts, as weU .as the; conservation of 
energy. · __ ... · .. I · .. ·. ~. · . 

. Present knowledge .of pre-rigo·r muscle and . the processes of rigor 
mortis suggests that a rapid heat . treatment of . pre~rigor muscle would 
inactivate the enzymes before much progress toward rigor:couid proceed. 
The resulting cooked product would .have a high water-holding capacity, 
and be more tender than meat heated post-rigor. T-łie · color of the cooked 
product should be no different than would' be' expected in post-rigor 
meat. A brief study using one bovine musćle , indtcated -thai meat quality 

, . ca11: be achieved through colltrolled heating of pre..;.rigor muscle {9]. Deep 
~' · · fat fried pre-rigor _steakes were found to: be>tnore: tender. than post-rigor 

fried steaks [60]. Thus, it seem& that · ~ime . after · death, heating rate, 
'-·- and the degree of doneness are . all criti~al features in the preparati_on of 

.. pre-rigor muscle to arrest the rigor process. r . . 

The application of an · electrical stimulus to ·bovine·'- musclę increases_ 
the post-mortem glycolysis .of mu~Gle which · initiates the on set of · ri~or 
mortis at an earlier time sequence. Therefore, . ińduction ·of electrical 

· current through the bovine muscle shortly afier death. perńlits an e~rly _; 
fabrication of the carcass to boneless cuts prior· to chilling. This accelerated 
processing technology has enc9uraged ęarlier ~~eutting .and the incorpora-
ting of "hot"_ meat into manufactµred products. · · · ·, · · 

Improved tendemess ·and reduced cooking loss • are the major i~cen
tiv~s for the development of a pre-rigor heating process. _ Ot~er advantagiąs 
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would include lower microbial contamination, reduced heating time, iess 
la~or ~ostt and lower energy requirements for each heating process. The 
0 hJective ;of this paper is to assemble ·and presęnt information on the 

, use of "hot" meat in the manufacture of meat products .. 

MUSCL~S AND MUSCLE SYSTEM 
.. , ' 

- The published research on "hot" boning of the bovine carcass suggested 
that hot boning of błock beef is feasible [68, 39, 30, 69, 41 , 81, 62, .44]. 

-The importance of seaming muscles to reduce drip loss from the raw · 
tisisu,es -was -JOund to be important [32]. Early sectioning of lamb carcass 

.- was 0.Iso_ Ióun~. to be feasible [45, 46]. "Hot" cut pork muscle was reported 
equal i~ ove~all quality to the conventionally prepar·ed cuts [ 4 7, 29]. 

·· Cured park products were also found to have acceptable quality [47}; 
Seven pork muscles fro m the hot carcass were excised and exposed to 
~ temperature· of 0°C [53]. Marsh ·[53] found that the muscle varied as to 
their tenderness response. This tenderness difference was caused by the 
individual muscles response toward the development ·of rigor mortis~ 
With this preponderance of eviden ce, it appears tha~ the meat industr.y 
could welf afford to consider m.ore efficient alternate methods of process
ing thę .hum~n ni-eat supply, particularly now since electrical stimulation 
has become so 'Yell-~ccepted. _ Pre-~igor muscles and/or muscle system~ 
vacuum pacltaged and then cooled, provided ·_ some quality · advantages 
[39, 6_8, .. ~]. By applying -a vacuum pack~ge, meat is less subject to 

· bacter~.al contamination arid can be boxed for storage or shipment. Freezing 
of vaCuum ·. p~Ckaged muscles from electrica"Uy sti~ulated carcasses, . 
removed , 1 hour post-mortem, shoud be delayed t9 avoid tenderness 

· variation [12]. Cross and Tennent [12] suggested that further work will 
be required to identify precisely h-Ow rapidly the temperature can be 
red:y.cęcf.. · 

, . 
l 

COOKING PRE-RIGOR MUSCLE 
• '!"' , • 

~Concern· for processing costs has increa~ed the need for mare efficient 
sy~tems of food preparation. One approach has been to centralize food. 
preparation so as to reduce the · need for equipment and energy. This 
has led to. pre-cooked meat. · · 

-- · Pre-cooked meat items have become po.pular for institutional f eeding 
and ·in.· wdeli" niarkets. ; Some of these meat iteins are roasts, steaks, 
ground ·b~ef ·Juncheon meat; canned stew, hamburger patties and TV 

. ' ' .. 
dinners. Studies have shown that · meat cooked immediately after rigor 
mortis .is relatively tough, but meat cooked pre-rigor is relatively terider 
[55 , · . . -, 64, ·60, 15, 52; ao~ :9-J. ~ . . I : • • • 
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lf the heat treatment is extremely rapid and_ extended far -. enough, 
enzyme denaiuration would . occur before significant · progress ·toward 
rigor coul4 take place [54] . . Presęnt _ knoW:ledge· -of .. the :_. r~gor process 
suggests that meat coo~ed pre-rigor would not only be te~der but would -
possess a high water-holding capacity. Some cOricern for shape of the 
roast was expressed [9, 65]. Treatment · of the rrieat prior· .to cooking and 
the heati~g method would seę_m to be. important' -criteria -for the pre
cooking of pre-rigor meat: Heat rigor nodes in ali the cooked, hot boned 
tissues were observed, but they . were :mare frequently _ o~served in the 
.tissues heated by microwaves [60, . 56]. Thus, it appears tłiat microwave 
cookery is .too rapid while oven cookery is tao slow. ·The optimum. heating 
temperature rate,. and cooking end-point are· areas for f urther ·research. 

GR.OUND BEEF 

The demand for gróund · beef has become verj ·extensive as a result of 
convenient eating establishment and the varied uses which the consumer 
has made of this meat item. 'The present U.S. -consumption is approxi
mately 18.2 kg per capita with an expected 250/o increase i~ tbe next 
5 -years. · · . .-: ,. . 

Meat for grinding has, in the past., been produced •fróm :cow beef. In 
plants where hot boning is practiced, . witho-ut -·eie·ctrical. _stimuiation, the 
carcass is boned on the taił as an extension of ·the slaughter ·Hne. In most 
cases boning is initiated witą.in 1 hour .after · b~eedingI: _It"takes;· approxi
mately 15 minutes to free the skeleton of tissues. ·The iń'dividual muscle 
piCces are moved . by . conveyor; to the point of · pac~ag[ng .Or grinding, 
P.re-rigor beef was used fór frozen gro und beef P·attieą [37].. They f o und 
the shrink during freezing, rartcidity . development, and lightness of color · 
were basically thę same as for post-rig~r. prepared P.atties. The· pre-rigor 
patties had a higher-pH, reduced cooking loss and greater acceptability 
by consuqiers fo·r: tenderness, juiciness, and overall palatability. Th_ese 
data along with others indicated that the . use . ef pre-.rig~r. grou~d. beef · 
patties . could result in a saving of time ~nd energy ~O_ processors [33]. 
_An evaluation of patties for microbial . content showed that pre-rig?r 
processing may ·permit slightly more aerobic· microorganisms [37]. ~owe
ver, they ·were unable to recover any $almonella .and the Staphylococci 
levels. were the same as for cold boned. The shelf life of hot-boned 
ground beef from carcasses ~hich bad received electrical stimulation was 
_ prolonged by~ days [63]. Rac~a~ch--·an~ Hęnrickso~~ (6.3] were unable to
detect Clostridium prerfring~ns, Salmonella, or .Colif orm, but , found 
Staphylococcus ·aureus at a level ąf. 10 cells per gram. 

The bacteriological tra.its of pre-rigor p~rk saus~ge ,;,ere evaluated and 
a~ociated with ~rganolepti~ traits · [42]. Lin et al. [42J found _pr.e-rigor 
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. sausage to h~ve a higher bacterial count, higher taste panel score, but 
a lower Gookmg loss than post-rigor sausage. All sausages were palatable 

· - through 21 days storage at 2°C and 56 days at -22°C. • 

.SAUSAGE · 

Pre-rigor meat is well-known foi- its ability to emulsify fat [77, 1, 13]. 
Ho~ever, its usefulness is limited by the short period for · which it 
retai~s this desirable property [24]. The high water-holding capacity of 

· ,pre-rigor ~eat was attributed to its higher pH, and the presence of ATP. 
· The emulsifying property was also preserved by freezing, mincing or by 
~re~blending Ineat With salt (NaCl) and ice [24]. Acton and Saffle [1] 
indicated .that pre-rigor beef had 340/o more extractable protein than 
post-rigor meat. 

Ho~ ·meat that is coarsely ground or chopped, salted with 2-40/o sodium 
chloride (NaCl) within 2 hours post-mortem and held under refrigeration 
(0°C) will retain its water-holding capacity for 3 days. Water-binding 
~nd fat- eniulsification ability of this product for · sausage manufacture 
is almost as good as hot meat . Other researches noted that salting of 
pre-rig~t_ , meat p:reserved the high ·water-holding prop.erty although it 
accele~at~ect· the breakdown of ATP . [25, 26]. The combined affect of high 
ATP le\7~~. high pH, and added salt causes sucha swelling of the fibrillar 
protein~ ·-that . ńo· association of · actin and myosin takes place so that 
rigor ·cann.ot' occ~r- in the fiber fragments even after a complete break
down _·;of ·,' ATP.' Therefore, the water-holding capacity does pot 
d~c~case :. [ 27]_~ · .' ,. ,. 

''Hot'~ mea-t is p~t readily avajlable to the sausage maker because they 
do not. ~ave slaughtering facilities. However one can maintain the high 
Water~hólding capacity by rapid freezing the hot ·meat at _-20°C or !ower. 
freezi~g at t~is temperature stops the enzymatic breakdown of ATP 
~nd glycogen. iri order tó utiJize this product, the sausage manufacturer 
rnust p'rocess meat'. in · its frozen state without thawing. Smpe hav·e 
suggest'ed . that the meat be coarsely ground in the pre-rj,gor state a~d 
frozen in ·.a thin• Iayer · (1-2 inches thick) at -40°C with storage at 
~t -20°c · [28]. The-frozen meat should then be added to the chopper 

_ in the frozen · state with salt and water. The remaining steps are as con
ventionaUy ~ccomplished. Sausages f rom such unsalted pre~rigor fr~zen 
llleat will have a high WHC and make a better sausage _ than P0st-rigor _ 
n?nfrozen meat .. . One can preserve the high WHC of "hot" beef for mo~ths 
in thE!' frozen state. Thus, the a bili ty to preserve high WHC of pre-rigor 
beef by rap id freezing of gro und salted or unsalte<;ł beef, before the 

· complete br.eakdown of ATP, is available to the sausage manufacturer. 
Care should: be · taken to keep the 1pre-rigor $alted and unsalted meat at 

f' 
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-20°C to prevent the pre~kdown of ATP. bue to ~ the iriUuence· _of tem
p-erature on ATP and lactate, ,it ha~ been suggesteą· that it 'is ~better t9 
~alt the beef before · freezing rather tban during - tĄe p:reparation of the 
sausage e~ulsion [35]. Pre-blended meats for use_ in sausage Ilł:anufacture 
will „Provide increased extraction of soluble proteins during comminution, 
increased fat emulsifying ability of the e xtracted protein-~ ·a more desirable 
color formation, and will permit product analysis for sausage fomula-

. . l - , 
_...1·o·n I:- .. ·: , " . . 

• ~ '. ·•\ ' . ' r 

RESTRUCTURED MEAT 
• \ •- • - ~-•. ' . ' . ' 1 -

Corńmerciąl interest in restructu:red· raw mea i. h~~ . irięre~sed largely 
-<lue to the raPid expansion of the' .fast t'ood i~duśt,rY. Formt~g of loafs, ' 
rólls, _pork · chops ~nd beef steaks has been made 'feasibl~ py the use o:f 

. .. a hydro lic meat press which utilizes a_ wide variety of shapes. · Most of 
the reported research witp raw reshaped meat has· been ,_c

1

oricerned with 
ground or flaked , products [23, 17, 49; 57]~ Bindi~g' properti~S of meat 
have been well•studied and repo.rted. ·Myosi~-was shown., to be the . most 
-capa.ble of . the three major muscle p:r;-otet~s . (riiyQ~i~, ··act~rpyosin, sarco
plasmic) for developing an adequate bind stręngth .[43,.) ~,

1

:70, 19, 66, 58] ! 
Extracts of myosin is best achieved with the ąid ~ of ·2°/o salt- and 0.5-0/o 
phosphate [61J. Crude myo.sin extr'ać{ed froill pre~~igo1~-~ m~scle has 
a greater binding strength than that ext~acte~ !~Pni. pą~t-rigor muscle [78] · 
Hot boned meat rolls had a high cooking yield ~n~ posse~sed good binding 
strength. Huffman et al. [36]° found that th~ bi~din:g .st~en,gth\ 1nd cooking 
yield was higher for salt-phosphate meat thań I ':m.eat treatę'ci -with only 

. salt . [36]. An increased mixing tinie provided littl~ effęct on the · binding 
strength. Vacuum mixing of :pre-rigor · meat -provi4_ęd a . greater yield 

. of crude myosin than po~t-rigor · ·:meat [7.4]. A diff e~e·n·ce · between hot
boned and cold: boned beef ~n re_gard to , shear -'forc~~ · ·fi·avór, juiciness, 

· tenderness and · panel acceptability has ·been established and subs~antiated 
l~9, 68, 39]. 'Thu·s, it seems that' l?eef _ rolls or loaves can · be p~epared 
.from low-cost beef muscle parts that are ·not well~suited for · roasts or 
. steaks. Restructered pork · chops prepared. froni p?'e.:.rig()r inE;°~1; po~sessed 
.:-a inore desirable eating ~ality .than chaps "from post-rig~r :rnuscle ' [36]. 
··Color of the restructure·d chops .. was less ~esirable than- the· ~egular pork . 
1oin chop. · · .. · 

~~CURED MEAT 

V ery little research has ~een reported on the curi~g ·of · p1:e-rigor m~at~ 
•✓Cured "hot? belli es f o und to be short er but wid~ thąn regular belli es .[ 48] · · 
.· Pressing the cured slab partially· reduced the length and wi~th di!fere~ce. 
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Even th?ugh this shape difference existed, all other quality advantages 
favored the hot curing method. Bacons can be cured and smoked and be 
ready for ·_sale within 15 hours after slaughter. Ham cured and smoked in 
the pre-rigor ~tate was acceptable in tenderness, juiciness an·d flavor [47]. 
The pre-chill cured ham muscle had a more stable cured meat color 
as evide:nced- by a greater quantity of extractable nitrosopigment after 
54 hours ·displąy [29, 3, 59, 50]. The rate of cure penetration was faster 
in p~e-figor meat than in post-rigor m eat [3]. While curing pre-rigor ham 
mus~lę_ i~. a _ vacuum tumbler, it was found that the piekle absorption was 
n1ore uniform [74]. Taste pa_nel scores and Warner-Bratzles shear values 
indicąted that the hot cured and smoked nam was significantly mare 
tender than post-rigor, ham [ 47] . ThL, vvas to be expected since the pH 
and ATP leyels were still high, ·thus providing a high water-holding 
capacity. T~~ · feasibility of using pre-rigor pork in the production ·of 
cured prodµ.cts such as ham, bacon and. loins secn1s to be v.rell established. 

· A studty of the bacterial populations in hot cured and smoked _ham 
reveaJed no significańt bacterioiogical problen-1 [51]. The r eady-to-eat ham 
was quite .. comparable to the conventionally processed h am. Since the 
spoilage of ··cured meat depends upon the level and types of initial 
viable; bacterial numbers and their resistance to treatment, competition, 
and ability to grow under the conditions o_t ,St orage, "hot" cured ready-to
eat ham- has advantages _ove~ the conventional method of ham curing [5]. 
Accęlerated proces·sing cou1d be equally as effective as normal procedures 
in reducing. "in:-pracess" cantaminatian [11]. When curing c::>rned beef 
the cure, ;pen.etrates individual muscles at different rates [_8] .- The calar 
of each muscle, ęven though good, varied due to the inherent pigment. 
Beef cured "hot" held mare water than the męat cured post-rigor and was 
found . tO have mare juice. Beef cured under vacuum was mare shelf 

stable tban beef cured without vacu ur_n. 
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WYKORZYSTANIE CIEPŁEGO MIĘSA \V PRODUKTACH MIĘSNYCH 

Oklahoma State University, _Stillwater, Oklahoma 74078 

Streszczenie 

233 

Wykorzystanie mięsa ciepłego w różnych produktach kulinarnych ma wielkie 
potencjalne znaczenie. Obecnie, kiedy elektryczna stymulacja zyskała uznanie 
W praktyce, będzie więcej możliwości dalszego ulepszania wydajności w prze
twórstwie. · Ustalenie biochemicznych i biofizycznych właściwości przekształcania 
mięśni w mięso będzie również zwiększać wykorzystanie mięśni w stani~ przed
st~że~iowym. Producenci kiełbas - k ierownicy rzeźni będą musieli współpracować 
w celu wyzyskania wszystkich korzyści z produktów mięsnych uprzednio kutro
wanych. Zakłady wytwarzające wyposażenie są zainteresowane w konstrukcji i ba
daniu nowych maszyn do formowania, kształtowania i plasterkowania mięsa ciepłe
go. Obróbka termiczna mięsa ciepłego daje dużą potencjalną oszczędność energii, 
jednak z założeniem zaakceptowanej jakości produktu. Peklowanie mięsa ciepłego 
ma również wielkie możliwości, ponieważ produkty te peklo:'Nane z zastosowaniem 
Próżni mogą mieć przedłużony okres składowania. 
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