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INTRODUCTION

IF HOT processing o f primal cuts fo r  steaks and roasts becomes commonplace in the meat in d u s try , i t  is  
th a t the carcasses provid ing  those prim als w i l l  be e le c t r ic a l ly  s tim u la ted . Ground beef processed from prer1’  
hot-boned beef has been shown to be superio r to cold boned beef in p a la ta b il i ty  (Cross et a l . ,  1979; Cross an
Tennent, 1980; Wells et a l . ,  1980). E le c tr ic a l s tim u la tio n  has been shown to y ie ld  no negative e ffe c ts  on 
chemical, p h ys ica l, sensory and cooking c h a ra c te r is tic s  o f re s u lta n t ground beef p a tt ie s  (Cross and Tennent. 
1980). P re rigo r hot-boned muscle may react d i f fe r e n t ly  than c h il le d  beef to  various processing methods. .55
Mechanical desinewing has e ffe c t iv e ly  improved tenderness and removed connective tissu e  w ith c h ille d  beef 
et a l . ,  1978a; Wells et a l . ,  1980), but not hot-boned beef (Wells et a l . ,  1980).

Ground beef made from a hot-boned fa t  source has not been evaluated. The e ffe c ts  o f e le c tr ic a l stimulation
ndtemperature o f boning, fo rm u la tion  and ra te  o f freez ing  on sensory, cooking and chemical p roperties  o f 9 r0[i c 

beef have not been studied concu rren tly . In th is  study, we evaluated these fo u r fa c to rs  concu rren tly  in bee
p a tt ie s .

EXPERIMENTAL
YlSl"e

SIXTEEN USDA Choice carcasses were sources o f lean and fa t  fo r  ground beef. The le f t  sides o f a l l  carcasses , 
boned 2 hr a f te r  exsanguination and the r ig h t sides were boned a f te r  48 hr o f c h i l l in g  a t 2° C. Both r ig ht "t h 
l e f t  sides o f e igh t carcasses were subjected to e le c tr ic a l s tim u la tio n  at 1 hr a fte r  exsanguination, w h ile 
sides o f the remaining e igh t carcasses received no s tim u la tio n . S tim u la tion  was accomplished by in s e r t in g 1" 
pins in  the round muscle near the A ch ille s  tendon and in the muscles between the scapula and the thoracic ^ seC
vertebrae. Each trea ted  side received 1.5 A o f AC (60 Hz; 250-400 V) through the carcass fo r  2 min w ith  2 
shocks per min.

sted of
Form ulations. W ith in a l l  e le c tr ic a l s tim u la tio n  and temperature o f boning treatm ents, fo rm u la tions consist 
e ith e r boneless chuck meat (lean source) w ith  boneless USDA Choice p la tes ( fa t  source) or boneless frozen. rade‘ 
imported cow lean w ith  boneless USDA Choice p la tes . The frozen cow lean was equivalent to  USDA C utter i n = s to 
When hot-boned Choice chuck lean was used, boneless c h il le d  Choice p la tes were used from add itiona l carcas 
the 16 described above. Boneless frozen cow meat was always used as the source o f lean when hot-boned Cho1 
pla tes were used as the fa t  source.

Grinding  
boneless Choi

The frozen cow meat blocks were passed through a R ie tz  g rinde r using a 0.95-cm p la te . The n o n tg°i 
oice chucks and p la tes were i n i t i a l l y  ground through a W eiler g rinde r (0.95-cm p la te ) . Raw^mate^^'

ze(i.
1
(it

samples were randomly removed a fte r  2 min o f m ixing and fa t  contents were determined w ith  an Anyl Ray I nSt 
before fo rm u la tio n . Depending on the carcasses and fo rm u la tio ns , the percentage o f fa t  fo r  the various raW1ean-

-.1 r- r ___ . I T  O  O n  1 X- r'l__J ____l______ . w o  w w o  . , . . . „ ^ rilW 1m ate ria ls  ranged from: 17.2-20.1% fo r  Choice chucks; 42.4-46.0% fo r  Choice p la tes ; and 10.5-12.0% fo r  cow
i% in  the fo rm u la tions . CO2 p e lle ts  were added to fo rm ula tions contained hot boned ^ ^ , 

uu. my me i i ia i .  miAing step. One part CO2 was used to  f iv e  parts beef. A fte r a second mixing step o f  , . re 
the fo rm u la tions  were passed through the  0.32-cm p la te . Formulation temperatures a fte r  f in a l g rind ing  be

Fat was adjusted to  24% 
during the f i r s t  m ixing step.

p a tty  fo rm u la tion  ranged from -2° C to  3° C.

Patty  fo rm u la tion  and fre e z in g . The ground beef was passed through a Formax 24 p a tty  machine. The aver,ag^ e5 
pressure during p a tty  fo rm u la tion  was 34 to  36 kg/sq cm. A fte r the p a tt ie s  were made, one -ha lf o f the 
were subjected to  fa s t fre e z in g , w h ile  the remaining h a lf  were slow frozen. For the fa s t freez ing  proced 
p a ttie s  were passed through a N o rth f ie ld  S p irob las t ammonia fre e ze r (-50° C) tunnel on a conveyor b e lt .  ,reeZ1̂  
in te rn a l temperature o f the p a tt ie s  a fte r  12 min in  the tunnel was -7 ° C. The p a ttie s  subjected to  slow 1 tv s5 
were placed in  10-pa tty  stacks in  po lyethylene lin e d  boxes and frozen a t -20° C in a b la s t a i r  freeze r.

C fo r  4 weeks before sensowere shipped 2000 km to  B e lt s v i l le ,  MD, by tru ck  at 
cooking, physical and chemical eva lua tion .

■10° C and stored at -20°

Cookery and presenta tion  to  the panel. Frozen p a ttie s  were b ro ile d  on e le c tr ic  Farberware b ro ile rs  
to  an in te rn a l temperature o f 65° C. Temperature was monitored during cooking using Teflon-coated

(model
J)45O

ci d® ' j
5 aodiron /constan tan  thermocouples. P a ttie s  requ ired 6 min cooking on one side and 5 min cooking on the otne s a 

Total cooking losses were ca lcu la ted  from frozen and cooked weights. Each pa tty  was sectioned in to  6 P1  ̂ a$ 
two o f the 24 pieces (4 p a tt ie s )  were randomly assigned to  each p a n e lis t. The samples were served as wa 
possib le  to  p a n e lis ts  as described in  AMSA gu ide lines  (1978).

am$a
Sensory Panel E va lua tion . A 10-member d e s c r ip tiv e  a t t r ib u te  panel was selected and tra in e d  according “ . g s 
procedures (1978). The panel evaluated p a tt ie s  fo r  d iffe re n ce s  in (a) i n i t i a l  and f in a l tenderness, w1 j c) . 
extremely tender and 1 = extrem ely tough; (b) ju ic in e s s , w ith  8 = extremely ju ic y  and 1 = extremely te^ 1 
i n i t i a l  and f in a l connective tis su e  amount, w ith  8 = none and 1 = abundant; and (d) ground beef f la v o r  ^ na1 
w ith  8 = extremely in tense and 1 = extrem ely bland. I n i t i a l  tenderness was scored a fte r  f iv e  chews an<f  ̂ ^  
tenderness and i n i t i a l  connective tissu e  amount were rated a f te r  15 chews. F inal connective tissu e  amo 
scored a fte r  complete m astica tion .
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$hjjp££j" fo rce  and physical measurements. Ten p a tt ie s  fo r  each treatm ent were b ro ile d  as described above and 
"easured fo r  shear fo rce  and shear energy. The s in g le  blade shear as described by Cross et a l . ,  (1978b) was used 

determine maximum shear fo rce  (k ilogram ) and shear energy (centim eters-k ilogram s) by shearing fo u r 2.54 cm 
d̂ r e s  per pa tty  on an Universal In s tro n  Shear machine. Shear energy measured to ta l work or energy required  
> l"lr'g the shearing o f the sample. Patty height and diameter were measured on the ten p a ttie s  used fo r  the 

stron shear values before and a fte r  cooking.
Ch
>£!!jcal analyses. Fat and moisture contents o f raw and b ro ile d  p a ttie s  were determined according to AOAC (1975) 
^°cedures. Moisture content was based on weight loss o f two 3-g samples dried in an oven at 102° C fo r  24

Fat content was based on weight loss o f the dried  samples a fte r  16 h r o f e x tra c tio n  w ith d ie th y l e ther, 
inferences in fa t  and m oisture content between raw and cooked p a ttie s  were ca lcu la ted . Also the percentage o f 

e cooking losses comprised o f fa t  and moisture were determined.
Hat •^ ¿ i s t ic a l a n a lys is . Data were analyzed as a four-way fa c to r ia l design w ith  the fou r fa c to rs  being e le c tr ic a l  
s ’ " 'd la tio n , temperature o f boning, fo rm u la tion  and ra te  o f fre e z in g . Analysis o f variance procedures (Snedecor 
j, Cochran, 1972) were employed. Duncan's new m u ltip le  range te s t (1955) was used to te s t main e ffe c ts  and 

t r a c t io n s  when they were s ta t is t ic a l ly  noted through analyses o f variance.

REsuLTS AND DISCUSSION

^SUMMARIZATION o f  the s ig n if ic a n t (P<0.05) sources o f v a r ia tio n  a ffe c tin g  sensory, phys ica l, cooking and 
mical t r a i t s  o f beef p a tt ie s  is  given in  Table 1. Final tenderness scores and i n i t ia l  and f in a l connective  

CLSsce scores were higher in  p a tt ie s  made from nonstimulated beef, hot boned beef, and fo rm ula tions o f Choice 
a S and p la tes than p a tt ie s  made from the a lte rn a te  treatm ents. Cross and Tennent (1980) found s im ila r  

tie Je'cness d iffe re n ce s  in  p a tt ie s  made from nonstimulated (NS) beef compared to e le c t r ic a l ly  stim ulated (ES)
Improvements in tenderness associated w ith  hot boning have been p rev ious ly  reported (Cross et a l . ,  1979; 

g,, s et a l . ,  1980; Cross and Tennent, 1980, Jacobs and Sebranek, 1980), although Nusbaum et a l . ,  (1979) found 
of jjte r tenderness in p a tt ie s  processed from p o s tr ig o r beef compared to p re r ig o r beef. The improved tenderness 

boned ground beef p a ttie s  is  probably due to the rap id  cooking o f frozen p re rig o r p a tt ie s , which means 
b Panelists evaluated p re r ig o r beef.

Of res fo r  i n i t i a l  tenderness re fle c te d  improvements associated w ith hot boning only fo r  ES beef. No in te ra c tio n  
(v? tim u la tion  and boning temperature was noted in the study o f Cross and Tennent (1980). P a ttie s  made from NS 

Ce chucks and p la tes had ra tin g s  in d ic a t iv e  o f less connective tissue  compared to p a ttie s  made from the other 
igf^ment combinations in vo lv in g  ES and fo rm u la tion  m a te ria ls . Cross and Tennent (1980) found ES to have no 

uence on the ra tin g s  fo r  connective tis s u e . Sensory panels in  previous stud ies have shown high le ve ls  of 
Cr(j 0ry panel determined connective tissue  in  ground beef fo rm ula tions conta in ing cow lean (Cross et a l . ,  1976, 
hivSs et a l . ,  1978a, Berry e t a l . ,  1980). However, in  our study p a tt ie s  processed w ith cow lean were found to 
hot e, higher le ve ls  o f sensory panel determined connective tissue  compared to Choice beef only when the beef was 

boned.

^ 1C iHjgjr'Hess scores were s ig n if ic a n t ly  h igher in hot-boned beef than in cold-boned beef only fo r  ES carcasses. 
l97qer ju ic in e s s  scores have been reported fo r  hot boned beef p a tt ie s  than cold-boned beef p a tt ie s  (Cross et a l . ,

1 Llcvl 1 « _ a. innn r-______________i t_________j. innni

In
Wells et a l . ,  1980; Cross and Tennent, 1980).

fQŷ r ° n maximum s ing le  blade shear and energy data produced s ig n if ic a n t d iffe rences  (P<0.01) only in the 
S l'w a y  in te ra c t io n . The major d iffe rences  were e s s e n tia lly  th a t p a ttie s  from ES hot-boned beef subjected to  

freezing had lower shear and energy values than p a tt ie s  from ES cold-boned Choice chucks and p la tes, 
from both ES hot boned Choice or cow beef subjected to slow freez ing  had lower shear and energy values

■it
P atties derived from NS cold-boned cow beef fo rm u la tions subjected to fa s t fre e z in g .

ions in vo lv in g  ES, boning temperature and fo rm u la tion  as well as ES, boning temperature and ra te  o f 
Ch0l-21 n9 in fluenced to ta l cooking losses. With the exception o f ES hot-boned beef, fo rm u la tions made o f a ll 
to beef had higher cooking losses than fo rm u la tions made from cow lean and Choice p la te s . The higher p ro te in  
lo^gj^sture ra t io s  usua lly  associated w ith  cow lean compared to Choice lean may have been responsible fo r  the 
fr0ttl cooking losses fo r  p a tt ie s  o f the cow lean fo rm u la tions . Regardless o f the ra te  o f fre e z in g , p a ttie s  made 
igr- US hot-boned beef had lower (P<0.01) cooking losses than p a ttie s  from ES cold-boned beef. This is  i
W e'nent w ith  the re s u lts  o f Cross and Tennent (1980). However, fo r  NS beef, ra te  o f fre e z in g , ra the r than 
H g,r ature o f boning exerted more o f an in fluence  on cooking lo ss . S im ila r to the re su lts  o f our study, Nusbaum 
ChQ$ • (1979) reported lower cooking losses w ith  fa s t than w ith  slow frozen beef p a tt ie s . Nusbaum et a l . (1979), 
Io$s et  a l . (1979) and Jacobs and Sebranek (1980) found th a t p a tt ie s  from hot-boned beef had lower cooking 

s than p a tt ie s  from cold-boned beef.

from treatm ents th a t had less cooking loss or more o f th e ir  cooking loss as moisture tended to show less 
0n height during cooking. In the in te ra c t io n  in vo lv in g  temperature o f boning, fo rm ula tion  and ra te  o f 

f0rrn| .lri9, the lowest reduction  in  pa tty  height during cooking was found in three o f the fou r hot-boned
latio n s . Cross et a l . (1979) and Cross and Tennent (1980) also found th a t hot boning reduced the amount o f 

Ue in pa tty  he ight during cooking.
F°r N
to beef, p a tt ie s  made from Choice chucks and p la tes had a greater reduction in moisture content from the raw 
V ^ o o k e d  s ta te  than p a tt ie s  made from cow lean and Choice p la tes . This is  in agreement w ith  moisture 
•htL.bion data p rev ious ly  found between Choice and Cutter-Canner cow beef fo rm ula tions (Berry et a l . ,  1980). 
l i ^  h NS beef fo rm u la tio ns , a l l  treatm ents underwent an increase in  fa t  content between the raw and cooked s ta te  
V i nt ''e exception o f the hot-boned cow fo rm u la tio n . P a ttie s  made from hot-boned beef had greater moisture loss 

U cooking when they were slow frozen than when they were fa s t frozen. NS beef p a ttie s  subjected to slow 
displayed less increase in fa t  content as a re s u lt  o f cooking than did p a ttie s  subjected to fas t 

S ertn9. L ikew ise, under the fa s t frozen category, ES resu lted  in a decrease in fa t  leve l between the raw and 
s ta te , whereas NS produced an increase in  fa t  content as a re s u lt o f cooking.
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Composition data o f the cooking losses ind ica ted  th a t ,  w ith  the exception o f ES cold-boned beef, fa t  losses made 
up a higher percentage o f the cooking losses fo r  the a l l  Choice beef fo rm ulations than fo r  the cow lean and 
Choice p la te  fo rm u la tions . More o f the cooking loss was fa t  fo r  p a tt ie s  from cold-boned beef th a t were fast 
frozen than w ith  slow frozen p a tt ie s . The opposite was tru e  fo r  hot-boned beef, e sp e c ia lly  w ith  p a tt ie s  
processed from NS beef.

In conclus ion , i f  the meat in d u s try  were to  use e le c tr ic a l s tim u la tio n  e ith e r w ith or w ithout hot boning, 
re s u lta n t lean sources (boneless chucks) and fa t  sources (boneless p la tes) can be s u ita b ly  used in  the . 5
manufacture o f ground beef. P a ttie s  processed from ES beef seemed to lose more fa t  during cooking, w hile patt1 
from NS beef lo s t more m oisture during cooking. S u b s titu tin g  boneless cow lean fo r  boneless Choice chucks 
resu lted  in  less fa t  loss in  cooking, lower cooking losses and less reduction in pa tty  height during cooking-
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Tabi e 1. S ig n if ic a n t sources o f v a r ia tio n  a ffe c tin g  sensory, p hys ica l, cooking and chemical t r a i t s  o f beef 
p a tt ie s .

CL̂ 0ry . p hys ica l, cooking or 
mical t r a i t .

j t ia l tenderness score

^  tenderness score
W i .n't ia l
f>rial

J“ici

'"Hr,

T°tal

connective tissu e  amount score

connective tissu e  amount score 

ness score 

°n s ing le  blade maximum shear force  

° n shear energy

cooking lo s s , %
OüctilQn in p a tty  h e igh t, %  

eronce in water between raw and cooked, %

erence in  fa t  between raw and cooked, %

°̂int
° f  water in  cooking lo ss , % 

fa t  in  cooking lo ss , %

S ig n if ic a n t (P<0.05) sources o f v a r ia tio n -m a in  e ffe c ts ,  
f i r s t ,  second or th ird  order in te ra c t io n s . 3

S x B, B x F 

S, B, F 

S, B, F 

S, B, F 

F, S x B 

S x B x F x R 

S x B x F x R 

S x B x F ,  S x B x R  

S x B x F ,  S x B x R ,  B x F x R  

S x B x F ,  S x B x R ,  B x F x R  

S x B x F ,  S x B x R ,  B x F x R  

S x B x F ,  S x B x R ,  B x F x R  

S x B x F ,  S x B x R ,  B x F x R

m etrica l s tim u la tio n  vs nonstim u la tion , 
>■ i ° ns USDA Choice chucks and p la tes  
1n9 ra te  o f -50° C vs slow freez ing  rate

B = p re r ig o r hot-boning vs p o s tr ig o r co ld -bon ing , F = 
vs imported cow lean w ith  USDA Choice p la tes and R = fa s t 
o f -20° C.
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