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INTRODUCTION

IF HOT processing of primal cuts for steaks and roasts becomes commonplace in the meat industry, it is 11ke]{gm
that the carcasses providing those primals will be electrically stimulated. Ground beef processed from pre’
hot-boned beef has been shown to be superior to cold boned beef in palatability (Cross et al., 1979; Cross @
Tennent, 1980; Wells et al., 1980). Electrical stimulation has been shown to yield no negative effects on
chemical, physical, sensory and cooking characteristics of resultant ground beef patties (Cross and Tennents
1980). Prerigor hot-boned muscle may react differently than chilled beef to various processing methods. cross
Mechanical desinewing has effectively improved tenderness and removed connective tissue with chilled beef (

et al., 1978a; Wells et al., 1980), but not hot-boned beef (Wells et al., 1980).

Ground beef made from a hot-boned fat source has not been evaluated. The effects of electrical stimulationad
temperature of boning, formulation and rate of freezing on sensory, cooking and chemical properties of_groue
beef have not been studied concurrently. In this study, we evaluated these four factors concurrently 1n be
patties.

EXPERIMENTAL ;
el
SIXTEEN USDA Choice carcasses were sources of lean and fat for ground beef. The left sides of all carCQSSeSam
boned 2 hr after exsanguination and the right sides were boned after 48 hr of chilling at 2° C. Both r19htb0d
left sides of eight carcasses were subjected to electrical stimulation at 1 hr after exsanguination, Wh11enwtﬂ
sides of the remaining eight carcasses received no stimulation. Stimulation was accomplished by insertind
pins in the round muscle near the Achilles tendon and in the muscles between the scapula and the thoraciC 0 psﬂ
vertebrae. Each treated side received 1.5 A of AC (60 Hz; 250-400 V) through the carcass for 2 min with
shocks per min.

Formulations. Within all electrical stimulation and temperature of boning treatments, formulations consiste
either boneless chuck meat (lean source) with boneless USDA Choice plates (fat source) or boneless frozens ade’
imported cow lean with boneless USDA Choice plates. The frozen cow lean was equivalent to USDA Cutter i1 ¢ t0
When hot-boned Choice chuck lean was used, boneless chilled Choice plates were used from additional carcasice
the 16 described above. Boneless frozen cow meat was always used as the source of lean when hot-boned ChO
plates were used as the fat source. ;

el
Grinding. The frozen cow meat blocks were passed through a Rietz grinder using a 0.95-cm plate. The noﬂzggw1
boneTess Choice chucks and plates were initially ground through a Weiler grinder (0.95-cm plate). Raw matrumwt
samples were randomly removed after 2 min of mixing and fat contents were determined with an Anyl Ray I"Sa
before formulation. Depending on the carcasses and formulations, the percentage of fat for the various rw1eaW
materials ranged from: 17.2-20.1% for Choice chucks; 42.4-46.0% for Choice plates; and 10.5-12.0% for €O eat
Fat was adjusted to 24% in the formulations. COp pellets were added to formulations contained hot boned [™iin,
during the first mixing step. One part CO» was used to five parts beef. After a second mixing step © fo
the formulations were passed through the 0.32-cm plate. Formulation temperatures after final grinding <
patty formulation ranged from -2° C to 3° C.

Patty formulation and freezing. The ground beef was passed through a Formax 24 patty machine. The averaggies
pressure during patty formulation was 34 to 36 kg/sq cm. After the patties were made, one-half of the paure,
were subjected to fast freezing, while the remaining half were slow frozen. For the fast freezing procé The _:qg
patties were passed through a Northfield Spiroblast ammonia freezer (-50° C) tunnel on a conveyor belte fre?15
internal temperature of the patties after 12 min in the tunnel was -7° C. The patties subjected to slow att“
were placed in 10-patty stacks in polyethylene lined boxes and frozen at -20° C in a blast air freezer: rys
were shipped 2000 km to Beltsville, MD, by truck at -10° C and stored at -20° C for 4 weeks before senso
cooking, physical and chemical evaluation.

Cookery and presentation to the panel. Frozen patties were broiled on electric Farberware broilers (mode]
to an internal temperature of 65° C. Temperature was monitored during cooking using Teflon-coated her ﬁde@
iron/constantan thermocouples. Patties required 6 min cooking on one side and 5 min cooking on the ot 1,ecesa
Total cooking losses were calculated from frozen and cooked weights. Each patty was sectioned into 6 P e as

two of the 24 pieces (4 patties) were randomly assigned to each panelist. The samples were served as 1

possible to panelists as described in AMSA guidelines (1978). o ‘
|

z

Sensory Panel Evaluation. A 10-member descriptive attribute panel was selected and trained accordingd gohs
procedures (1978). The panel evaluated patties for differences in (a) initial and final tendernesss ¥ -(C)itY
extremely tender and 1 = extremely tough; (b) juiciness, with 8 = extremely juicy and 1 = extremely drY? .ens
initial and final connective tissue amount, with 8 = none and 1 = abundant; and (d) ground beef f]avord ﬁnﬂn
with 8 = extremely intense and 1 = extremely bland. Initial tenderness was scored after five chews a" unt wé
tenderness and initial connective tissue amount were rated after 15 chews. Final connective tissue am

scored after complete mastication.
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Shear force and physical measurements. Ten patties for each treatment were broiled as described above and
%asured for shear force and shear energy. The single blade shear as described by Cross et al., (1978b) was used
etermine maximum shear force (kilogram) and shear energy (centimeters-kilograms) by shearing four 2.54 cm
Eg§r68 per patty on an Universal Instron Shear machine. Shear energy measured total work or energy required

n‘"g the shearing of the sample. Patty height and diameter were measured on the ten patties used for the
Stron shear values before and after cooking.

H“CEdures. Moisture content was based on weight loss of two 3-g samples dried in an oven at 102° C for 24

is Fat content was based on weight loss of the dried samples after 16 hr of extraction with diethyl ether.

th €rences in fat and moisture content between raw and cooked patties were calculated. Also the percentage of
€ cooking losses comprised of fat and moisture were determined.

%ﬁlﬂStical analysis. Data were analyzed as a four-way factorial design with the four factors being electrical
1mU]ation, temperature of boning, formulation and rate of freezing. Analysis of variance procedures (Snedecor

i Cochran, 1972) were employed. Duncan's new multiple range test (1955) was used to test main effects and
fractions when they were statistically noted through analyses of variance.

R
SULTS AND DISCUSSION

&éUMMARIZATION of the significant (P<0.05) sources of variation affecting sensory, physical, cooking and
Usm1Ca1 traits of beef patties is given in Table 1. Final tenderness scores and initial and final connective
SUe scores were higher in patties made from nonstimulated beef, hot boned beef, and formulations of Choice

ans and plates than patties made from the alternate treatments. Cross and Tennent (1980) found similar
be frness differences in patties made from nonstimulated (NS) beef compared to electrically stimulated (ES)
WN]‘ Improvements in tenderness associated with hot boning have been previously reported (Cross et al., 1979;
S et al., 1980; Cross and Tennent, 1980, Jacobs and Sebranek, 1980), although Nusbaum et al., (1979) found
tenderness in patties processed from postrigor beef compared to prerigor beef. The improved tenderness
Ot boned ground beef patties is probably due to the rapid cooking of frozen prerigor patties, which means
Panelists evaluated prerigor beef.

gT‘e
of atep

thdt

§

éore$ for initial tenderness reflected improvements associated with hot boning only for ES beef. No interaction

um?tTmulation and boning temperature was noted in the study of‘Crosg and Tennent (1980). .Patties made from NS

tmace chucks and plates had ratings indicative of less connective tissue compared to patties made from the other

inf) Mment combinations involving ES and formulation materials. Cross and Tennent (1980) found ES to have no

N Uence on the ratings for connective tissue. Sensory panels in previous studies have shown high levels of

Q%SQFY panel determined connective tissue in ground beef formulations containing cow lean (Cross et al., 1976,

hwes et al., 1978a, Berry et al., 1980). However, in our study patties processed with cow lean were found to

h%\bgagger levels of sensory panel determined connective tissue compared to Choice beef only when the beef was
ed.

Uigs A . . .

Hwﬁ]”ESS scores were significantly higher in hot-boned beef than in cold-boned beef only for ES carcasses.

m79§” Juiciness scores have been reported for hot boned beef patties than cold-boned beef patties (Cross et al.,
s Wells et al., 1980; Cross and Tennent, 1980).

n

%Stroﬂ maximum single blade shear and energy data produced significant differences (P<0.01) only in the

s]O‘Way interaction. The major differences were essentially that patties from ES hot-boned beef subjected to

Pqt.frEezing had lower shear and energy values than patties from ES cold-boned Choice chucks and plates.

t%n]es from both ES hot boned Choice or cow beef subjected to slow freezing had lower shear and energy values
Patties derived from NS cold-boned cow beef formulations subjected to fast freezing.

n

féer?ctions involving ES, boning temperature and formulation as well as ES, boning temperature and rate of
C%‘Z1”9 influenced total cooking losses. With the exception of ES hot-boned beef, formulations made of all

ty ,°¢ beef had higher cooking losses than formulations made from cow lean and Choice plates. The higher protein
]uwg]sture ratios usually associated with cow lean compared to Choice lean may have been responsible for the

“om Cooking losses for patties of the cow lean formulations. Regardless of the rate of freezing, patties made
gy S hot-boned beef had lower (P<0.01) cooking losses than patties from ES cold-boned beef. This is in
tm]emEnt with the results of Cross and Tennent (1980). However, for NS beef, rate of freezing, rather than

§ ~Mature of boning exerted more of an influence on cooking loss. Similar to the results of our study, Nusbaum
QWSS' (1979) reported lower cooking losses with fast than with slow frozen beef patties. Nusbaum et a1: (1979),
]le et al. (1979) and Jacobs and Sebranek (1980) found that patties from hot-boned beef had lower cooking

: than patties from cold-boned beef.

3

t.
r%E‘e§ from treatments that had less cooking loss or more of their cooking loss as moisture tended to show less
f%ez.‘OH in height during cooking. In the interaction involving temperature of boning, formulation and rate of
fmmu{ng, the lowest reduction in patty height during cooking was found in three of the four hot-boned
thape. 2tions. Cross et al. (1979) and Cross and Tennent (1980) also found that hot boning reduced the amount of

€ in patty height during cooking.

Op
tOtﬁS beef, patties made from Choice chucks and plates had a greater reduction in moisture content from the raw
qu ® Cooked state than patties made from cow lean and Choice plates. This is in agreement with moisture
“tm-‘on data previously found between Choice and Cutter-Canner cow beef formulations (Berry et al., 1980).
”Hh " NS beef formulations, all treatments underwent an increase in fat content between the raw and cooked state
dwin e exception of the hot-boned cow formulation. Patties made from hot-boned beef had greater moisture loss
”eeg Cooking when they were slow frozen than when they were fast frozen. NS beef patties subjected to slow

ZNQZ;”Q displayed less increase in fat content as a result of cooking than did patties subjected to fast
O 5y

Likewise, under the fast frozen category, ES resulted in a decrease in fat level between the raw and
e, whereas NS produced an increase in fat content as a result of cooking.
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Composition data of the cooking losses indicated that, with the exception of ES cold-boned beef, fat losses madé
up a higher percentage of the cooking losses for the all Choice beef formulations than for the cow lean and
Choice plate formulations. More of the cooking loss was fat for patties from cold-boned beef that were fast
frozen than with slow frozen patties. The opposite was true for hot-boned beef, especially with patties
processed from NS beef.

In conclusion, if the meat industry were to use electrical stimulation either with or without hot boning,
resultant lean sources (boneless chucks) and fat sources (boneless plates) can be suitably used in the
manufacture of ground beef. Patties processed from ES beef seemed to lose more fat during cooking, while pa
from NS beef lost more moisture during cooking. Substituting boneless cow lean for boneless Choice chucks
resulted in less fat loss in cooking, lower cooking losses and less reduction in patty height during cooking-

tties
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Ty
Me l. Significant sources of variation affecting sensory, physical, cooking and chemical traits of beef

patties.

“%;?Eﬁi physical, cooking or Significant (P<0.05) sources of variation--main effects,
trait. first, second or third order interactions.d

Bl tonderness score SxB, BxF

?nﬂ tenderness score S, B, F

rﬂﬁal connective tissue amount score S, B, F

hal Connective tissue amount score S, B, F

iwcjneSS score F, SxB

f“"oﬁ single blade maximum shear force SxBxFxR

)“roﬂ shear energy SxBxFxR

?tﬂ Cooking loss, % S X' B'X'F, S'x B x R

Metion in patty height, % SxBxF, SxBxR,BxFxR

bie

“Wereﬂce in water between raw and cooked, % SxBxF, SxBxR,BxFxR

errenﬂe in fat between raw and cooked, % SxBxF, SxBxR,BxFxR

Toung of water in cooking loss, % SxBxF, SxBxR, BxFxR

‘me of fat in cooking loss, % SxBxF, SxBxR,BxFxR

.

o —

gwl}ectr1ca1 stimulation vs nonstimulation, B = prerigor hot-boning vs postrigor cold-boning, F =

ations of USDA Choice chucks and plates vs imported cow lean with USDA Choice plates and R = fast
®2ing rate of -50° C vs slow freezing rate of -20° C.
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