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Factors Affecting the Sensory and Shear Properties of Pre- and Postrigor Cooked Beef Roasts

B. W. BERRY! and E. E. RAY2

IMeat Science Research Laboratory, SEA-AR, USDA, Beltsville, Maryland, U.S.A.
Department of Animal and Range Sciences, New Mexico State University, Las Cruces, New Mexico, U.S.A.

INTRODUCTION

The immediate cooking of prerigor boned muscles or roasts would appear to offer advantages in terms of o5
reduced energy requirements, especially for product that must be reheated or served chilled. Recent studl
(Berry et al., 1980; Berry et al., 1981; Ray et al., 1980a,b,c) have indicated, however, that prerigor
cooking can result in increased toughness. This toughness is probably the result of heat induced
contractions of rigor during cooking. However, Berry et al. (1981) found that prerigor cooking of beef
roasts could result in acceptable tenderness if the product was served in a thinly-sliced form. Method Oa
cooking may also play an important role in regulating the ultimate tenderness of prerigor cooked beef. Ro
et al. (1980a) reported lower shear force values for roasts cooked by steam or convection oven compareq -
roasts cooked in a hot water vat. West et al. (1980) found long time lTow-temperature cooking of pre-rigo
roasts also produced acceptable tenderness. When cooking procedures have been employed within one and et
one-half hours postmortem, electrical stimulation has not exerted a beneficial effect on tenderness (Berrz{ﬂ
al., 1980; Ray et al., 1980b). West et al. (1980) found the use of 7 or 30 days of 2° C storage coupled
electrical stimuTation produced acceptable tenderness in prerigor cooked roasts.

Since tenderness problems have arisen with prerigor cooked beef, this series of studies was undertaken tO

determine if electrical stimulation, longer cooking times and mechanical tenderization could improve
tenderness values.

EXPERIMENTAL

Electrical stimulation, muscle boning, mechanical tenderization and cooking procedures

Five separate studies were used to investigate the effects of various factors on the sensory and shear cassﬁ
properties of pre- and postrigor cooked semimembranosus (SM) and semitendinosus (ST) muscles. Beef car

of USDA Good and Low Choice grades were used in these trials.

Trial I

This trial was designed to evaluate the effects of various cooking times on prerigor boned SM roasts- 10
Fifteen beef carcasses were randomly allotted to one of 3 cooking schedules (5 carcasses per schedule)
evaluate the effects of cooking time on pre-rigor boned SM roasts. The SM from the right side of eag hr
carcass was removed at one hour post-exsanguination while the SM from the left side was removed at‘4 tion
post-mortem. The SM roasts were split longitudinally with one half of the roast receiving an app]15?n
commercial roast beef seasoning while the other half received no seasoning. The roasts were placed ! bag
polyvinylidene chloride bags and sealed. Roasts in: all succeeding trials also were placed in c00k129600k1ng
prior to cooking. Three separate cooking schedules were compared. One schedule (6 hr) consisted Ot 1° Cs
roasts in a hot water bath according to the following schedule: first hour at 46° C, second hour 2 )
third hour at 57° C, fourth hour at 63° C, fifth hour at 68° C and sixth hour at 80° C until an 1ntezgh
temperature of 66° C was attained. A five hour (5 hr) cooking schedule consisted of the second Fhrod ¢ the
sixth hour schedule of the 6 hr cooking schedule, while a four hour (4 hr) cooking schedule Cons1steking
third through the sixth hour schedule of the 6 hr cooking schedule. A comparison of these three €00
schedules was also made in Trials II, III and IV.

Trial II

This trial was designed to compare the effects of electrical stimulation (ES) vs nonstimulation (descr
prerigor boned ST muscles. Again, 15 beef carcasses were used with the same 3 cooking schedules e
for Trial I. ST muscles from both the right and left sides were removed from the carcasses at O”i) V.
post-exsanguination. Muscles from the right sides were ES using 50 separate 1 sec durations at 1l

sing
NS) ribed

Trial III ' 4 & cooked
In this study the effects of mechanical tenderization were studied on both pre- and postrigor bo"?es weref
using the three schedules previously described. Fifteen beef carcasses were used and the SM mUSCd on hal

removed from the right sides one hr post-exsanguintion. The muscles were split longitudinally an the 1eft

of each muscle from each side was passed twice through a Ross blade tenderizer. The muscles fro? eac gamp
sides were removed from the carcasses at 48 hr postmortem, split longitudinally, with one-half O

being subjected to blade tenderization.

Te.

Trial IV _ R

This trial was designed to determine the effects of ES and NS on prerigor boned ST using a five parcassese
electrical stimulator. Muscles were removed from both sides (45 min post exsanguinatioq) of 22 gO Separﬂt
prior to stimulation. Only muscles from the right side received stimulation which cons1s’§€d of describem
durations at 110 V. Again the muscles were allocated to the three cooking schedules previously

Trial V rOpertjes
This trial was designed to study the effects of ES and microwave cooking on sensory and shear P,n

the ST muscle. Muscles from both the right and left sides of 12 carcasses were removed at 45 ?11 y by
post-exsanguination. Muscles from the right sides were ES using 50 separate 1 sec durations O Tes
means of a five probe stimulator. The ST from the left side received no stimulation. The musc
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1 S~sectioned into two equal portions with one portion selected .at random to be held (20° C) for two hr

1o 2 . . . 5 .

liey, to cooking, while the other portion was held for four hr prior to cooking. All roasts were cooked in a
O%Wave oven to an internal temperature of 66° C.

)
@,ﬂ] Trials, after the cooked roasts had cooled, they were vacuum packaged and frozen at -28° C. Roasts
Wt hen transported from New Mexico State University to the Meat Science Research Laboratory, USDA,

SVille, Maryland, for sensory and physical testing.

W

EEQEX‘aneI and physical evaluations
%rt Sections were thawed at 3°.C for 36 hr before they were served to the panelists. Thaw loss percentages
rmmdetermined from pre- and post-thawing weights. Degree of doneness was scored by two evaluators using an
1f3“t~photographic scale (8 = very rare, 1 = very well done). Samples were approximately 7° C at the time
7QWTY1ng. Meat cubes (1.2 cm) were served to panelists. A 10-member descriptive attribute panel trained
t%rdTﬂg to procedures outlined by AMSA (1978) was used to evaluate samples. Panelists assigned scores
.wvd1ng to the following attributes and scales: tenderness, 8 = extremely tender, 1 = extremely tough;
ﬁ%t"ESS, 8 = extremely juicy, 1 = extremely dry; connective tissue amount, 8 = none, 1 = abundant; and
Y beef flavor intensity, 8 = extremely intense, 1 = extremely bland. Panelists evaluated only samples

2 given trial during a session.

y

%]es were sheared with the Instron and Warner-Bratzler shear machines according to procedures outlined in

Ing MSA (1978) guidelines. A1l cores were 1.27 cm in diameter. Each core was sheared twice with eight

%w ?EF roast subjected to Instron maximum single blade shear force and two cores used for Warner-Bratzler
Orce.

gy s

iQﬁEﬁlCa1 analyses

Were analyzed according to analysis of variance procedures (Steel and Torrie, 1960).

‘ TS aND pIscussIow

L

YQEffeCtS of ES on sensory and shear properties, within trials, are given in Table 1. With the exception
") OWered Instron shear force value, ES had no effect (P>0.05) on properties measured from muscles in
Sulg L. In Trial IV the only effect of ES was in producing higher juiciness scores. In comparing the
W]es of Trial II with IV, it would appear that there are no major advantages in using multi-probe vs

g Probe stimulators. However, all muscles in Trials II and IV were boned prerigor. Ray et al. (1980b)
?my "0 improvement in shear force values of prerigor cooked roasts from electrically stimulated carcasses.
iy §§E<gl. (1980) found tenderness differences between pre- and postrigor cooked beef roasts to be less

\, 'desthat were ES compared to sides NS.

weﬁhe rapid microwave cooking procedure was used (T(ia] V), ES produced higher sensory panel ratings for
Map €Ss, connective tissue and flavor intensity ratings as well as lower shear force values: It would
s that this method of cooking is too rapid for prerigor muscle and thus allows for heat rigor to occur.
S Wer thaw loss for microwave cooked roasts is probably due to so much mois?ure being lost during

‘%ergz Regardless of the use or non use of ES, roasts held for 4 hr post-boning prior to cooking had

‘ JUiciness and flavor intensity scores than roasts held for 2 hr post-boning (P<0.05).

th

f%eth? €xception of Trial I, the various cooking schedules exerted little influence on sensory and shear
'“eg]es of the beef roasts (Table 2). In Trial I the longer cooking times resulted in higher tenderness
ﬂ% > lOwer sensory panel detected connective tissue, and lower shear force values. The Instron shea(
hms Were actually significantly (P<0.05) affected by the interaction of boning temperature with cqoklng
ﬁmu]e- The Tonger cooking schedule (6 hr) produced the same mean shear values for pre- and postrigor
g r-‘oasts, while with 4 hr cooking, prerigor boned roasts had a mean shear value of 9.0 kg and postrigor
f%arroasts had a mean shear value of 7.1 kg. With prerigor cooked ST muscles (Trials II and IV) it would
'Wes that the longer cooking times were ineffective in improving tenderness. However, the mean tenderness
‘Mectare all in the range of acceptability. The SM appears to produce more tender samples than the ST when
‘ to prerigor cooking at any of these schedules.

Vs ’
ngggor Cooked SM roasts were more tender, but drier with lower shear force values than prerigqr cooked SM.
th D Table 3). Previous work (Berry et al., 1980, 1981; Ray et al., 1980a,b,c) has shown §1m11ar results
ahsrﬁrigor cooked beef. As explained in Table 2, the higher Instron shear values for prerigor cooked
SMeri]n Trial I was also influenced by cooking schedule. Regardless of the temperature of pon1ng, blade
op 2ation resulted in higher tenderness scores, less detectable connective tissue, but sllght!y 1qwer
‘%ea1"t3nsity scores. The application of commercial roast beef seasoning (Trial I) was effective in

Sing the intensity of beef -flavor regardless of the state of rigor when the roasts were cooked.
. Gy
{%ZC]USiOH, prerigor cooked roasts generally are not as tender as postrigor cooked roasts, a]though_
Teg ble tenderness can be achieved in cooking prerigor muscle, especially with the SM: Longer cooking
Eﬁgand blade tenderization appear useful although are not always consistent in improving the tenderness of
;%eror Cooked beef. The lack of significant (P>0.05) interactions between boning temperature and
mnaaess enhancement systems (ES, BT, cooking schedule) would indicate that these systems function in a
0 anner in both pre- and postrigor muscle.
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Table 1. Effects of electrical stimulation on sensory and shear properties of pre- and postrigor cooked b

roasts.
Property -
Connective Warner- ree
Trial, tissue Flavor Bratzler Instron Thaw Degene¢
muscle, Tenderness amount Juiciness -intensity shear force shear force loss of do"ea
stimulationb  scored scored scored scored (kg) (kg) (%) scor
I1I--ST
ES 5.0 6.4 5.6 4.7 5.4 8.0C 13.8 3?
NS 5.2 6.2 5.6 4.8 5.9 8.4d 1315 2
IV--ST
ES 5.7 6.7 5.6C 3.8 6.2 8.3 15.4 28
NS 5.6 6.7 5.3d 3.8 5.9 77 14.3 f
V--ST
.8
ES 4.8¢ 6.4¢ 5.1 4.3¢ 7.0¢ 8.3¢ 3.9 pifd
NS 4.2d 5.8d 5.2 4.1d 8.6d 10.3d 4.5

: s ) ’ . tive
aScoring systems based on 8 = extremely tender, juicy and intense in roast beef flavor, none in Connecflavw’
tissue amount and very rare in degree of doneness. 1 = extremely tough, dry and bland in roast beé
abundant in connective tissue amount and well done in degree of doneness.

bST = semitendinosus, ES = electrical stimulation, NS = non-stimulation. In Trial II, both sides Wereused
hot-boned and one probe was used for ES. In Trial IV both sides were hot-boned and five probes were
in ES. In Trial V both sides were hot-boned and roasts were cooked by microwave procedures.

CsdMeans in the same column in the same Trial bearing different superscripts are significantly
different (P<0.05).
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1
Ble 2. Effects of cooking time on sensory and shear properties of pre- and postrigor cooked beef roasts.

Property
&1a1, Connective Warner-
E$C1 tissue Flavor Bratzler Instron Thaw Degree
%ﬁk1 Tenderness amount Juiciness intensity shear force shear force loss of doneness
8dyleb scored scored scored scored (kg) (kg) (%) scored
i
el
g hr 6.9C 7.4¢ 5.2 4.0 4.1¢ 9c 7.9 4.5
; hr 6.3C 7.1¢ 5.2 3.9 5.2d 6.9¢>d 6.1 4.6
hr 5.4d 6.8d 5.6 4.1 6.0d 7.9d 6.5 4.6
17,
ST
g hr 5.2 6.5 57 4.8 5.7 8.0 12.5 4.3
; hr 5.1 6.3 5.6 4.7 5.4 8.1 15.2 4.7
hr 5.1 6.2 5.8 4.7 5.9 8.4 13.3 4.7
I[I
S"~SM
> fr 6.0 6.9 5.2 4.8 3.8 5.2 13.1 4.0
) hr 6.0 6.7 5.4 4.6 3.8 5.5 13.3 4.0
hr 6.2 7.0 5.5 4.8 3.6 4.8 16.2 4.3
Jy
~~ST
S 5.9 6.8 6.6 3.8 5.5 7.4 14.5¢,d 4.2
1 hr 5.3 6.6 5.4 3.6 5.9 8.1 11.4¢C 4.0
hr 5.5 6.7 5.4 4.1 6.8 8.9 18.1d 3.8

jef@F to Table 1.
6 . L o o : o °
ﬁ?r cooking schedule = first hr at 46° C, second hr at 51° C, third hr at 57° C, fourth hr at 63§, G,
%hth hr at 68° C, sixth hr at 80° C until an internal temperature of 66° C was reached. 5 hr cooking
£ &dule = second through sixth hour schedule of 6 hr cooking schedule. 4 hr cooking schedule = third
cqzugh sixth hour schedule of 6 hr cooking schedule. In Trial I, one side was hot-boned and one side was
~boned.

i

??dns in the same column in the same Trial bearing different superscripts are significantly
r%]1ffferent (P<0.05).

€ 3. Effects of boning temperature and mechanical tenderization on sensory and shear properties of

pre- and postrigor cooked beef roasts.

) Property
\ri
t%f]’ muscle, Connective Warner-
t&mzréture, tissue Flavor Bratzler Instron Thaw Degree
Zqiorg- Tenderness amount Juiciness intensity shear force shear force loss of doneness
" scored scored scored scored (kg) (kg) (%) scored
I
AN
N
CE 6.0¢ 7.0¢ 5.6C 4.0 5.5€ 7.5€ 6.2 4.8C
1 6.4d 7.2d 5.1d 4.0 4.7d 6.4d 7.5 4.3d
1
w
Hg
CR 5.8C 6.9 5.7€ 4.8 4.1¢ 5.6C 13.1 4.0
6.3d 6.9 5.0d 4.6 3.3d 4.7d 15.3 4.2
By
NBT 6.4¢C 7.2¢ 5.4 4.6C 3.6 5! 14 .5 4.3
5.7d 6 5.3 4.8d 3.8 5.2 13.9 3.9

Uy
e
mefer to Table 1.
Ts
] blade tenderization; NBT = not blade tenderized; HB = hot boned; CB = cold boned.
g
SEB”S in the same column within temperature or tenderization categories bearing different
Perscripts are significantly different (P<0.05).






