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INTRODUCTION

ENERGY demands by the meat industry are the largest among the food industries; however, meat firms have (
reduced energy consumption by 4% while increasing productivity by 247% from 1972 to 1978 (Meat Industry, t
1979). Continued conservational efforts relative to energy utilization is essential to the survival of

the meat industry. Accelerated processing by hot boning of muscles and prerigor cooking prior to chill-

ing is one such conservation method that saves energy by: 1) increased efficiency;

2) reducing the requirements for refrigeration facilities and chilling time; 3) reducing transportation

cost; and 4) reducing needed labor. Removal of muscles and muscle systems prior to chilling the bovine

cascass has been investigated (Schmidt and Gilbert, 1970; Kastner et al., 1973; Schmidt and Keman,

1974; Kastner and Russell, 1975; Henrickson, 1975) to determine the feasibility of this method as an

alternative to conventional fabrication. Numerous studies (Moran and Smith, 1929; Ramsbottom and

Strandine, 1948; Paul et al. 1952; deFremery and Pool, 1960; Marsh, 1964; Weideman et al., 1967; Cia and

Marsh, 1976) have shown that meat cooked immediately after rigor mortis is relatively tough, whereas meat

cooked before the onset of rigor mortis is relatively tender depending on rate of heating. They also

observed an appreciable shape change accompanying the cooking of prerigor meat, which could have a pro-

nounced influence upon consumer acceptance of this product.

Cia and Marsh (1976) reported that reprigor cooked product (bovine sternomandibularis) shortened to a
remarkable extent, yet suffered less cooking loss and was considerably more tender than in-rigor meat.

Paul et al. (1952) observed that deep-fried steaks were more tender from prerigor than in-rigor meat,

but the opposite was noted when steak was roasted. Electrical stimulation could be used to increase

the feasibility of accelerated processing. Gilbert and Davey (1976) suggested reduced chilling require-
ments necessary to achieve carcass setting, less cold shortening and additional tenderizing from aging
would reduce aging and chilling time necessary to produce an acceptable product. Incentives to develop

a prerigor cooking process appear to be reduced cooking losses, a major reduction in processing time

and reduced chilling requirements and facilities for the raw product. The cooking process requires
considerably less energy input since the inherent heat of the muscle would be utilized. Certain deterrant® ity
appear to be conflicting results concerning product palability, shape distoration and the inability to qual
grade (USDA) such products.

This study was initiated to examine effects of hot-boning and method of cooking upon physical shape, cooking beﬁ
yield, length of cooking period and shear force values of roasts from the semimembranosus and semitendinosy®
muscles of electrically stimulated carcasses.

MATERIALS AND METHODS

THIRTY USDA Good and Standard grade Mor-Lean cattle, with an average live slaughter and hot carcass weight oies
490 and 316 kg., respectively, were used. Mor-Lean cattle have their scrotum shortened by moving the test v
near the animal's body and securing in place by stretching an elastrator ring over the scrotum below the e
cles which results in a portion of the scrotum sloughing off. All sides were electrically stimulated (100
impulses, 1 sec duration, 110 volts, < 5 amps) within 1 hr post-stunning and prior to chilling using 2a Pulse
generator. The semimembranosus and semitendinosus muscles were removed from one side within 1.5 hr post—  ged
exsanguination while the same muscles from the matched side were removed 7 days postmortem (2°¢c) . ‘The exct s
semitendinosus muscle was used intact; the semimembranosus muscle was divided longitudinally so that pOftiO?,
were of similar weight to that of the semitendinosus muscle. Excised muscles were weighed, temperature monlﬂw
tored, measured for length, width (at 25.0, 50.0 and 75.0% of the length) and depth at the deepest point ©
muscle.

Muscles were rubbed with a commercial roast beef preparation to simulate commercial roast beef, placed i“coa:er
Cryovac® bag (L600), vacuumized (Multivac®) and cooked to an internal temperature of 68°C with steam, hot wh

vat or convectional electric oven (Blodgett®). Internal roast temperature was monitored during cooking ¥
temperature probes. The cooking schedule was: 1st hr at 68°C; 2nd hour at 74°C; and the remaining time & e8”
80°C. Subsequent to cooking, cooking time was recorded and the product was chilled to 38-40°C. The samé " of
surements were made as those prior to cooking and a 3.8 cm thick sample was removed from the center portio

each roast for Warner-Bratzler shear (WBS) determination. Three cores from each sample were sheared and 2 087 ‘
cores were sheared twice. Cooking yield was determined by the difference in weight of the raw and cooked poked
uct. Cooking loss was determined as the difference in weight between the raw muscle plus seasonings and ¢°

weight of the roast.

d-t distff’

Data were analyzed by the statistical procedures described by Steel and Torrie (1960), with a paire At
£V

bution analysis to determine significance of difference between pre- and postrigor roasts. Analysis O
ance was used to evaluate differences in method of cookery.
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gQNS for the linear measurements by muscle, time of postmartem boning and cooking method are presented in Table !.
Method of cookery appear to have no influence (P < 0.05) on the changes in linear measurements regardless of

¢.°¢le or time of postmortem boning. The steam oven cooked ST muscle showed the least change but was not signi-
Cantly different. Therefore, pooled main effect means for percent change in these measurements are presented

S:Table 2. These data indicate HB roast shortened more (P < 0.01) than CB for both the ST (28.8 vs 14.3%) and
- (43,6 vs 23.9%) muscles. Cia and Marsh (1976), using bovine sternomandibularis samples, reported a 50.47%

($“Ction in length when the samples were cooked 0.7 to 3.1 hr postmortum. Minimal changes in width were noted
ble 2). Differences (P < 0.05) in roast depth were observed between temperature of boning and muscle.

Yoast from ST showed less change in depth (2.9 vs 11.9%) than those from the SM. Changes in depth among

| tles for HB roast were more pronounced. It is apparent from these data that the observed decrease in tbe

E%@th of HB roast were accompanied by a similar increase in depth, or thickness of the cooked product. Differ-

wces between mucles can most likely be explained by the fact that the ST muscle represented an intact muscle,
ffeas, the SM was longitudinally split which would result in it being more susceptible to shape changes.

Ulus

It

4 ;5 evident that there are greater changes associated with the HB product which has been cited as a possible

dhadVantage for fresh HB product because possible problems in further fabrication to steaks and roasts. This
tortion of shape becomes of less concern when dealing with a pre-cooked product rather than a fresh product.

He time required to cook roasts was divided by their cooked weights (Table 3). Time per unit weight to cook
Va, O8sts was similar for ST and SM muscles within each method of cooking. Cooking HB roasts in a hot water
Tequired significantly (P <0.05) less time per unit weight than cooking with steam or convectional electric
More variation was observed in time per unit weight required to cook CB roasts for the ST than the SM.
tr,VEI, hot water vat cooking required less (P <0.05) time per unit weight than steam and convectional elec-
awc Ovens. HB roasts required 28% and 29% (P < 0.05) less cooking time per unit weight than CB roasts of ST
muscles, respectively. Montgomery et al. (1977) reported hot processed pork roasts to have a 9% advan-
in cooking time per kg of raw roast over the cold processed roast.

G

i?ﬁng loss (Table 3) was somewhat influenced (P < 0.05) by method of cookery. ST roasts (HB and CB) cooked in

i Convectional electric oven had the highest (P < 0.05) cooking losses, whereas method of cookery had no

Uence on cooking losses for the SM. HB roasts from both muscles had lower (P < 0.05) cooking losses than CB

rts. Cia and Marsh (1976) reported cooking losses (percent of raw weight) of 18%, 22.8%, 24.9% and 26.87%
Quscles removed 2.4, 4.9, 8.6 and 37 hr postmortem, respectively.

Y
Qas
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QE?‘fOrce value was influenced by both the time of postmortem boning and cooking method (Table 4).
ina°aSt were determined to be consistently less tender (P < 0.0l) than the CB roast (50% differences). This is
Teg 88reement with the report of Weiner et al. (1966) and Montgomery et al. (1977). Hot water vat cookery

ted in the greatest reduction in shear force. ST muscle had a 63.7% reduction when cooked utilizing a hot

Tay,
e 1. Linear measurements of roasts from the semitendinosus and semimembranosus muscles according to
temperature of postmortem boning and method of cooking.
Method of cooking and boning
Steam oven Hot water vat Convectional electric
Item Cold-boned Hot-boned Cold-boned Hot-boned Cold-boned Hot-boned
o
°f roasts 10 10 10 10 10 10
“E:tendinosus
Lh Muscle a
RLEEh, cm 35.1%.4 31.5%.4  35.9%+.6 32.1%+.9 35.2%+.9 33.2%+.8
Ded h, cm 11.6+ .3 14.0 .5 12.0 +.3 13.9 +.5 12.4 +.2 14.2 +.4
Cgp o thy cm 8.2+ .2 7.83+.2 8.5 +.3 9.22+.3 8.5 +.2 8.93+.2
d product - -
Lep b b b b b
Wiqorhs cm 29.1b+.5 24.4 +.5 29.6°+.4 25.0°%+.5 29.9°+.6 25.7°+.8
Dedth, cm 11.1% .2 14.3 +.3 11.2 *.2 14.5 +.3 11.4 *.2 14.4 *.5
: Pth, cm 8.2+ .2 9.8b+.3 8.9 +.3 10.8b+.3 8.8 +.2 10.6P+.4
8y
R oetbranosus
Lh Muscle: - . g
wingth, cm 34.354.5 36.72¢.9 36.3%+.9 37.0 +£.9 35: 1557 S7E5 1S
desth, cm 11.238%+.4 13.1%%.7 11.6 +.2 11.8 +.4 12.5 ¥.6 12.3%F .4
Q%kegth, cm 7.8%%.4 8.63+.6 8.5 +.3 8.6%%+.3 8.8 +.5 8.23% .3
L Product B
wgth, cm 28.4b+.6 26.3°+.8  28.3°+.3 25.3%+.6 28.8%.7 26.0%+ .7
Dedth, cm 10.2P+.6 11.9P+.7 10.6 +.4 11.1 +.4 11.0 +.5 11.2b+ .6
Pth 5 12.4b%.7 9.3 ¥.4 12.1b%.3 9.7 ¥.5 11.7b% .6

’ by
= - P

Bane <
dian§ for the same item in the same celumn, within muscles and postmortem boning temperatures, with
€rent superscripts differ significantly (P < 0.05).
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Table 2. Changes in linear measurements of roasts from the semitendinosus
and semimembranosus muscles as influenced by method of postmortem

boning.

Semitendinosus Semimembranosus
Item Cold-boned Hot-boned Cold-boned Hot-boned

No. of roasts 30 30 30 30

Change in

(fresh vs cooked): a b » b
Length, 7% -14.3+.6 -28.8+.7 -23.9+.6 -43.6+.6
Width, 7 =11.7+.32 +2.9i.3g —9.41.5a -8.8+.5
Depth, % +2,9+.22 +20584.2 +11.9+.4 +42.8i.5b

a’bMeans in the same row, within muscles, with different superscripts differ
significantly (P < 0.05).

Table 3. Influence of method of cooking and postmortem boning upon total
cooking time and losses of beef roasts.

Method of Cooking

Method of Hot Water Convectional
Item Boning Steam Vat Electric
SEMITENDINOSUS G ol e
Cooking time/kg, min HB 92.7+4.0° TR R 113.3+4.7 °
CB 113.144.42>¢  87.2+3.8b»¢  155.2%5.8b»€
Cooking loss, % HB 12.4% .098,C 13,5+ .083>¢ 15,4+ .182d
CB 19.1% .23b»c  20.2+ .19b,c 22,5+ .23b,d
SEMIMEMBRANOSUS
Cooking time/kg, min HB 87.8+3.323sC 79.1+3.43,d 114.7+6.92>¢
CB 123.0+5.3b>¢  101.7+4.5b»d  139.5+7.1b»©
Cooking loss, % HB 14.9+ .122 16.0+ .142 16.2+ .163
CB 21.7¥ .13bP 22:1F .27° 22.1% .33

a,b Means in the same column, within an item, postmortem boning time and muscle,
with different superscripts differ significantly (P < 0.05).
c,d,e Means in the same row with different superscripts differ significantly (P < 0.05).

water vat.

Several workers (Paul et al., 1952; and Cia and Marsh 1976) have reported increased tenderness of pre—figor/
postmortem cooked sternomandibularis muscles to that cooked after rigor onset was a function of difference® e
pH and shattering of fiber structure brought about by extreme shortening. Marsh (1977) postulated that chefav
exists a critical heating rate if reached will provide improved tendermess in association with pre-rigor treh
ments. Paul et al. (1952) accomplished this with deep-fat frying compared to oven roasting and Cia and M8F®
(1976) compared microwave cookery and boiling water, both having a high rate of heat induction.

t
The temperatures used in this study for cooking of roasts (lst hr at 68°C; 2nd hr at 74°C; 3rd hr and 1°ngerliﬂ
80°C) were certainly below the critical heating rate needed to arrest the rigor process, which may have resuin
in a heat induced rigor. This can be related to changes in linear measurements and the resultant reductio? et
tenderness. Montgomery et al. (1977) observed that the greater the state of contracture at rigor, the gre?
the toughness. Several workers (Locker, 1960; Herring et al., 1965; Howard, 1968; Welbourn et al., 19685
McCrae et al., 1971) have reported that a muscle is tougher if it enters rigor in the contracted state. .
is no doubt tenderness is an important concern; however, considering most product merchandizing under such eﬂﬂd
system would be served as thinly sliced product, shear force determination may not be the most applicable

to elucidate tenderness differences.

an
Ther®

CONCLUSION

15£0%"

RESULTS of this study indicate significant changes in certain linear measurement associated with shape d 1ds

tion, a reduction in cookery time which could result in appreciable energy savings and higher cooking yie
for ST and SM muscles removed early postmortem and cooked prior to rigor onset compared to similar muscle 85
removed subsequent to a 7 day aging and chilling period. However, a rather larger increase in shear fotcehis
noted for the HB compared to the CB muscles. Cookery method was determined to have minimal influence OP g
characteristic, with the exception of cooking time and tenderness. Hot water vat cookery appeared to pro
the most efficient cookery rate/kg, but resulted in the greatest decrease in tenderness. Tenderness appeaeduy
be associated with heating rate, then, there is an apparent need to determine optimum temperatures and sch

ing endpoints for cooking hot-boned meat relative to a pawticular cooking method.
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T
ble 4, Shear force® means (kg) as influenced by muscle, method of cooking and postmortem boning.

Muscles
Semitendinosus Semimembranosus
Method of Cookin Cold-boned Hot-boned Cold-boned Hot-boned
g
N
% of roasts 30 30 30 30
§
%eam oven 3.73+.17° 6.00+ .50%>¢ 3.89i.46: 6.43+.62°°¢
G vater vat 3.74%.27P 10.31+3.52°°¢ 4.12%.51 8.53+.68¢2¢
Wectional electric oven 3.50+.10 6.00+ .49¢>d 3.74%.25b 7.39+.54¢,d

'
b:

{ . cans in the same row, within a muscle, with different superscripts differ significantly (P < 0.05).
3

YTner-Bratzler shear, kg/1.27 cm.

€ans in the same column, within method of boning, with different superscripts differ significantly
® < 0.05). (Comparison of method of cookery).
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