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' U, p
‘°r t|I Department o f  A g r i c u l t u r e  has been i n v e s t i g a t i n g  e l e c t r i c a l  s t im u la t i o n  coup led  w ith  hot p r o c e s s in g  
i|;iitiu|6 Past  3 y e a r s .  The re se a rch  focu sed  on sy stem s  f o r  m a rke t ing  young and mature beef from e l e c t r i c a l l y  
V te< hot P ro ce s sed  beef c a r c a s s e s .  Research  in c lu ded  s t u d i e s  o f  the e f f e c t s  o f  e x c i s i o n  time postmortem, 
S 6rl^ a ' s t im u la t i o n  t rea tm en ts ,  s t o r a g e  methods and USDA grade  on the p h y s i c a l ,  chemical and s e n so ry  
V , Us!es o f  p r im a l  c u t s  and ground  beef. The r e s u l t s  o f  the v a r io u s  s t u d i e s  a re  summarized by the  f o l l o w in g  

sh !0 n s - Hot p ro ce s sed  ground  beef was s u p e r i o r  to  c h i l l e d  ground  beef in  p a la t a b i  1 i t y , coo k in g  p r o p e r t i e s  
Jl>eâr f ' i  i f e .  Hot p ro ce s sed  vacuumized p r im a l  c u t s  had le s s  w e igh t  lo s s  d u r in g  s t o r a g e ,  and shape and 

nce were e q u i v a le n t  to  c o ld  boned c u t s .  As postmortem bon ing  time in c re a se d ,  cook ing  
Postmortem e l e c t r i c a l  s t im u l a t i o n  a l low ed  e a r l y  bon ing  and ra p id  c h i l l i n g  o f  p r in

n9 o f  the m usc le.

l o s s e s  a l s o  
ima1 cu ts  wi thout

S c t , o n

■It h0T
ft» th P ro c e s s i n g  o f  p r e r i g o r  m u sc le s ,  fo l lo w ed  by vacuum p a cka g in g ,  has s e v e ra l  p o t e n t i a l  advan tage s.  When
'»Or e d ib le  musc le  and f a t  a re  removed p r e r i g o r ,  r e f r i g e r a t i o n  space and c o s t s  are m in im ized ,  p ro c e s s iU  ’• js , ' ~ _ ----- ~  ”  ------------- r - -  • ■ ■ > . - . . . 3 - . ---- • ~ r  “ ----------  . w  .......... .. , y . J  . n g

■H¡e$ /decreased, and s t o r a g e  y i e l d s  in c re a se d  (C ro s s  et  a l . ,  1980a, and Fergus  & H e n r ic k so n ,  1979). Se ve ra l  
u|b6r uave in v o lv e d  the e f f e c t  o f  ho t ,  o r  e a r l y ,  p r o c e s s in g  on the tend e rn e s s  o f  beef musc le  (Schmidt and 

I  '9 7 0 ;  K a s tn e r  et  a l . ,  1973; G i l b e r t  and D avey , 1976; G i l b e r t ,  Davey and Newton, 1976; C ro s s  et a l . ,
;?s tiec u tb b e r t so n ,  1977). K a s tn e r  e t  a l .  (1973) e x c i s e d  beef m usc le s  at 2, 5 and 8 h r  postmortem and found i t  

theSSary  to  bo ld  the s i d e s  fo r  8 h r  b e fo re  bon ing .  M u sc le s  removed at 2 o r  5 h r  were s i g n i f i c a n t l y  tougher
ftls a c o n t ro l  s i d e s .  G i l b e r t  and Davey (1976) used e l e c t r i c a l  s t im u la t i o n  to  a c c e le r a t e  the on se t  o f  r i g o r

a l lo w  e a r l y  bon ing  o f  beef m u sc le s .  I t  appears  t h a t ,  w i th  e l e c t r i c a l  s t im u l a t i o n  postmortem, c a r c a s se s
■ s _ Pr°cessed  soon a f t e r  death. 
S i k eWew w

Se ve ra l  f a c t o r s  shou ld  be e v a lu a te d  be fo re  the concept may be put in t o  use. 
p re se n t  some r e s u l t s  and c o n c l u s i o n s  from fo u r  s e p a ra te  USDA s t u d i e s  on e l e c t r i c a l  s t im u la t i o n  

t, P r o c e s s in g .V
lot
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a n d  m e t h o d s

Sensory and cooking properties of ground beef prepared from hot and chilled beef carcasses.

1« a Postmortem, the semimembranosus and lo n g i s s im u s  m usc le s  were removed from one s i d e  o f  each hot c a r c a s s ,  

;s\  hr  postmortem, the same m usc le s  were removed from the o p p o s i t e  c h i l l e d  s i d e s  and used f o r  anothe r 
l*f Was de rema inder o f  the meat from the  c a r c a s s  was used f o r  g round  bee f  p a t t i e s .  Hot p ro ce s sed  ground 

V nif Prepared f r °m 2it u n s t im u ,a te d  U .S . U t i l i t y  c a r c a s se s  by one o f  the f o l l o w in g  th re e  g r i n d i n g  methods:
J  V d ' al b r eak w ith  k idney  p la t e  fo l lo w ed  by 0 .3  cm f i n a l  g r i n d ;  (2) i n i t i a l  b reak  w ith  k idney  p la t e ,ie<j l • — _ . . .
V ' ct)Qi„y , :3 cm g r i n d  and 0 .3  cm f i n a l ;  and (3) same as No. 2 except  that  the f o rm u la t io n  con ta ine d  no ch i 1 led

DCe P l a t e s .  C h i l l e d  m usc le  ( c o n t r o l )  was g round  th rough  a 1.3 cm p la t e  fo l lo w ed  by a 0 .3  cm f i n a l  ■ grind, 
p r o p e r t i e s  o f  ground  beef were determ ined w ith  a t r a in e d  se n so r y  panel as o u t l i n e d  by AMSA (1978) and 

a ' -  (1 973 ).  P a t t i e s  were b r o i l e d  12 min on e l e c t r i c  Fa rberware G r i l l s .NvV 2: Tk»hw. be e f f e c t  o f  e l e c t r i c a l  s t im u l a t i o n  and postmortem e x c i s i o n  time on s e n so ry  and cook in g  p r o p e r t i e s  
beef.

¡l V s °u r U .S . U t i l i t y  c a r c a s s e s  were used to  p repare  the hot and c h i l l e d  ground  beef u s i n g  g r i n d i n g  p ro -  
W e ^ ' r o H a r  t o  Study  1. Ground beef was prepared  from e l e c t r i c a l l y  s t im u la te d  and n o n - s t im u la te d  s i d e s  

P ro ce s sed  at  1, 3 o r  2A h r  postmortem. S id e s  were s t im u la te d  w i t h i n  A5 min postmortem by p a s s i n g  
' $en,: ' - 5  amp o f  c u r re n t  AC (60Hz) th rough  the c a r c a s s  ( l 5 0 -3 0 0 v )  f o r  3 min w ith  fo u r  10 sec  shock s  per 

v ,s°ry  and coo k in g  t e ch n iqu e s  were i d e n t i c a l  to  those  in Study  1.

\  C|»t

S to rage  p r o p e r t i e s  o f  p r im al c u t s  o f  hot and co ld  p ro ce s sed  beef.

r r om each o f  ten c a r c a s s e s  was s e le c te d  f o r  e l e c t r i c a l  s t im u l a t i o n  and h o t - p r o c e s s i n g  w i t h in  1 h r  
w h i le  the o p p o s i t e  s i d e  was c h i l l e d  f o r  A8 hr  at 2 -3  C be fo re  bon ing .  Ten bo n e le s s  p r im al cuts  

and c o ld -p r o c e s s e d  s i d e s .  Each cut was e v a lu a te d  f o r  lean c o l o r ,  f a t  c o l o r  and

V 1*
v V ,
*li"6. Pv®d from the hotI,' Hot 

We Iend co ld  p ro ce s se d  cu t s  were vacuumized and s to r e d  f o r  20 days  at 2 -3  C. A f t e r  the s t o r a g e  p e r io d ,

\
ach " cre  a ga in  e va lua te d  f o r  lean and f a t  c o l o r  and shape. 

cUt.
Weight l o s s  d u r in g  s t o r a g e  was c a lc u la t e d

A c c e le r a te d  p r o c e s s in g  sy stem s f o r  USDA Choice  and Good beef c a r c a s se s .

\ r ° rte ° s ' des from 36 Cho ice  and Good grade  c a r c a s s e s  were used to  s tudy  the e f f e c t s  o f  USDA g rade ,  
j V ^ l  j e* c i s i o n  t ime, s t o r a g e  method, and e l e c t r i c a l  s t im u la t i o n  on the q u a l i t y  t r a i t s ,  s t o r a g e  p r o p e r t i e s ,  

r®' t s  and se n so r y  r a t i n g s  o f  the  l o n g i s s im u s  m usc le .  E x c i s i o n  t imes were 1, A o r  A8 h r ,  w h i le
were (a) vacuum package and immediate f re e ze  at -A0 C; (b) vacuum package, c h i l l  2A h r  and 

V | Ao C; and (c) vacuum package, c h i l l  20 days and f re e ze  at -A0 C. Se n so ry  methods were i d e n t i c a l  to  
le ak s  were b r o i l e d  (2 .5  cm t h i c k )  to  70 C in t e r n a l  tem perature.  Other v a r i a b l e s  inc luded  i n i t i a l ,
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f ro zen  and f i n a l  pH; w a te r -h o ld in g  c a p a c i t y ;  thaw and cook in g  l o s s ;  f a t  and m o is tu re ;  coo k in g  t ime; and 
degree o f  doneness.

RESULTS and DISCUSSION

STUDY 1. Method o f  g r i n d i n g  had no s i g n i f i c a n t  e f f e c t  on s e n so r y  and cook in g  p r o p e r t i e s  o f  ground beef, £ 
the data  f o r  hot ground beef i s  combined and p re se n ted  in t a b le  1, Ground beef p a t t i e s  p repared  from ho t" 
p ro ce s sed  beef were s i g n i f i c a n t l y  ( P < .05) more tende r ,  more j u i c y  and lo s t  l e s s  w e ight  d u r in g  c oo k in g .  Tre 
ment d id  not s i g n i f i c a n t l y  a f f e c t  the amount o f  panel d e te c ta b le  c o n n e c t ive  t i s s u e  o r  f l a v o r  i n t e n s i t y  
(data  not p re se n te d ) .  H o t -p ro ce s se d  p a t t i e s  changed s i g n i f i c a n t l y  l e s s  in d iam eter than c h i l l e d  p a t t ie s .  
Pe rcent  f a t  and water d id  not d i f f e r  ( P<.05) in the raw p a t t y  and percen t  f a t  d id  not d i f f e r  in cooked pa 
Percent  m o is tu re  in the cooked p a t t i e s  was h ig h e r  (P< .05 )  from hot p a t t i e s  and can be e x p la in e d  by the 
d i f f e r e n c e s  in coo k in g  l o s s .

Tab le  1. S tudy  1. The e f f e c t  o f  p r o c e s s in g  on s e n so r y ,  chemical and p h y s i c a l  t r a i t s  o f  g round  beef pattJJJU-

T r a i t
Type

Hot
o f  P ro c e s s i n g

C h i l l e d

T e nde rne ss3 5.7 * 5.2

. . .  b 
J u i c i n e s s 5.5 If.8

Cook ing  l o s s ,  % 33.9 * 41.1

Diameter change, % 14.9 A 19.3

He igh t  change, X 16.0 NS 14.0

H^O, raw, X 62.1 NS 62.3

Fat,  raw, % 20.0 NS 19.6

H20 , cooked, % 52.1 * 48.6

Fat,  cooked, % 21.1 NS

COCsl

a 8 = ex t rem ely  tender and 1 = ext rem ely t o u g h .

8 = ex t rem ely  j u i c y  and 1 = ex t rem ely  dry. 

*  P<.05 .

NS = not s i g n i f i c a n t l y  d i f f e r e n t . 3ted ptei*1STUDY 2. Research  from t h i s  L ab o ra to ry  (S tudy  4) i n d i c a t e s  tha t  c a r c a s s e s  must be e l e c t r i  ca l ly  s t im u ,astnl0r 
to  hot p r o c e s s in g  o r  the s t e a k  and ro a s t  c u t s  may be un a ccep tab ly  tough. The p o s s i b i l i t y  e x i s t s  f o r  P° t)le 
e l e c t r i c a l  s t im u l a t i o n  (ES) to  have n e g a t i v e  e f f e c t s  on the coo k in g  p r o p e r t i e s  o f  ground beef because ^  
ra p id  pH d e c l i n e .  The e f f e c t s  o f  ES and e x c i s i o n  time on se n so r y  and coo k in g  p r o p e r t i e s  i s  summarize 
t a b le  2. Postmortem ES had no n e g a t i v e  e f f e c t s  on the chem ica l,  p h y s i c a l ,  s e n so ry  o r  cook in g  p ro p e r t i  
g round  beef p a t t i e s .  Postmortem e x c i s i o n  time had s i g n i f i c a n t  e f f e c t s  on percen t  h e ig h t  change d u r i n g ^ joned 
t o t a l  cook in g  l o s s ,  t e n d e rn e s s  and j u i c i n e s s .  As e x c i s i o n  time in c re a se d ,  the e f f e c t s  on the aforemen 

t r a i t s  were n e ga t iv e .

Tab le  2. Study 2. Se n so ry ,  chemical and cook in g  p r o p e r t i e s  o f  beef p a t t i e s  as in f lu e n c e d  by e l e c t r i c s

s t im u la t i o n and e x c i s i o n time.

T r a i t
Shock

1
a

t reatment

Postmortem e x c i s i o n  t ime, h r .

3
Shock t reatm ent

24
Shock treatment

ES NS ES NS ES N

pH, i n i t i a l 6 .2d 6 .6C 5 . 8 e 6 .2d 5 . 5 e 5-

pH, f ro zen 5 . 6 C 5 . 7 C 5 . 5 C 5 . 6 C 5 • 4C 5-

pH, thawed 5.6° 5 . 6 C 5 . 6 C 5 . 6 C 5 .5° 5-

D iameter change, X 2 l . 4 cd 18. 7de 17.1® 19. 4d 20.2d 22.

H e igh t  change, X 9 - 0 d 8 . 7 d 16. 4C 14 .5C 1 3 -7C 13-

Cook ing  l o s s ,  X 4 0 . 5d 36.0d 4 1 . 7d 4 0 . 2d 4 3 -9C 44.

T e nd e rne ss *3 5 . 2 cd 5 . 5 C 5- 1de
de

5.1 4 . 8 e f 4.

. . .  b 
J u i c i n e s s 5 .7  ° 5 .7  c 5 . 4 C 5 . 9 e 4 . 5 f 4.

Ins  i r o n  work 6 5 . 3C 6 l . 9 cd 66. 1° 6 l . 7 cd 6 0 . 7 cd 57-

a ES = e l e c t r i c a l l y  s t im u la te d  and NS = not s t im u la te d .

b8 = ext rem ely  tende r  and j u i c y ,  and 1 = ex t rem ely  tough and d ry .

c - f  means in the same row w ith  d i f f e r e n t  s u p e r s c r i p t s  a re  d i f f e r e n t  ( P < .Q 5 )•



STUDy ,
S  Pr! The s t o r a g e  p r o p e r t i e s  o f  hot and c o ld -p r o c e s s e d  beef p r lm a l s  a re  summarized in t a b le  3 as the mean o f  
Hot-pr lmal c u t s .  A f t e r  20 days o f  s t o r a g e ,  h o t -  and c o ld -p r o c e s se d  cu ts  d id  not d i f f e r  (P < .05) in lean c o l o r .  

V Y Cessed cu ts  bad f a t  tha t  was w h i te r  ( P < -05) than tha t  o f  c o ld -p r o c e s se d  cu t s .  C o ld -p ro ce s se d  cu ts  were 
e a r ly normal in shape ( r a t i n g  o f  6 o r  h ig h e r )  than were h o t -p ro c e s se d  c u t s ;  w hereas,  hot cu ts  re ta ine d  
vacuum b e t t e r  and lo s t  c o n s id e r a b ly  l e s s  we ight  d u r in g  s to r a g e  than d id  c o ld -p r o c e s s e d  cu ts .

"- - ¿ c — Stud y 3. Chemical and p h y s i c a l  p r o p e r t i e s  o f  hot and c o ld -p r o c e s s e d  beef p r im á is .  
Type o f  p r o c e s s in g  

H o t - p roces sed C o ld -p ro ce s se dPnal t

1 hr 48 h t
PH 6.1 * * 5 .7

lean c o l o r 9 2.8 * 5 .5 98—l i g h t  g r e y i s h - r e d  and 1=ve ry  da rk  red o r  pu rp le .

lean c o l o r 9 3-5 NS v-o CO 5=whi te and 1= y e 11ow.

Pat c o l o r b 3 -3 JU 2 .9 C8=normal and l=ex t rem e ly  abnormal.

at c o l o r b 3.8 dU
3.1 15-extreme leakage o r  l o s s  o f  vacuum and

l=no  v l s a b l e  leakage o r  lo s s  o f  vacuum.
shape 6.6 JU

7-7 e_ . ,
S to ra ge  l o s s  c a l c u la t e d  as percen t  w e ight  lo s s

»nape 6 . k 7.0 d u r in g  20 days o f  s to rag e .

r a t In g 5.0 j..i.
7-7 • 'D i f fe ren t  at the P<.05 le v e l .

l o s s ,  %e 0.29 dUdU 1.02 ' " • D i f f e r e n t  at the P<.01 le v e l .

StUDY .
Vb lj  ‘ E l e c t r i c a l  s t im u la t i o n  had no s i g n i f i c a n t  e f f e c t  on lean f i rm n e s s ,  lean t e x t u re ,  heat r in g  o r  
^ cIb119, .(data not p re se n te d ) .  C a rca s s  grade had no s i g n i f i c a n t  e f f e c t  on q u a l i t y  t r a i t s  o f  the lo n g i s s im u s  
*ab]e i)' data not p re se n te d ) .  The e f f e c t s  o f  postmortem e x c i s i o n  time on q u a l i t y  t r a i t s  a re  p re sen ted  in

R' Postmortem e x c i s i o n  time had s i g n i f i c a n t  e f f e c t s  on s to r a g e  l o s s  and leakage r a t i n g s  o f  the vacuum 
at in g s  were most f a v o r a b le  when s i d e s  were p ro ce s sed  soon a f t e r  s l a u g h t e r .  M u sc le s  e x c i s e d  at 48 hr  

 ̂ pe? re tender  than those  boned at 1 o r  4 h r ;  however, as the time between s l a u g h t e r  and p r o c e s s in g  in c re a se d ,  
rcentage o f  coo k in g  l o s s  in c re a sed .

^ hr 6c^s s t o r a g e  method and ES a re  summarized in t a b le  5. M u sc le s  that  were f ro z e n  immediately  o r  before  
¡^u9h t [ e b o r d e r ' i n e  in t e n d e rn e s s .  E l e c t r i c a l  s t im u la t i o n  In c re a se d  the tende rn e ss  o f  these  m usc le s  but not 

(. ab t h e i r  t ende rn e ss  equa led  tha t  o f  m usc le s  aged 20 days.  F re e z in g  m usc le s  immediate ly  would in v o lv e  
nderne ss  r i s k ,  even w ith  ES. With ES, m usc le s  can be f ro zen  a f t e r  24 hr.

Study  4. E f f e c t  o f  postmortem e x c i s i o n  time and p h y s i c a l ,  se n so r y  and coo k in g  p r o p e r t i e s  o f  the

Postmortem exc i  s ion t ime, h r
1 w ~

CD temp, C 5 T T --------- 2 2 ?4 d - 1.2°

lo s s ,  % 0 . 8d 1.2cd 1 . 7 C

rat i n g a 4 . 3 C 7 . 1 cd 9 - 0 e

: * a 1 6 . 3 c 6 .0d 5 . 5 e

lo s s ,  % 32. 4C 3 4 .6d 3 4 . 7d
;s s b 5 . 5C 5 . 3 cd 5 . 8 e
;s b 5 . 3 C 5 . 2 C 5 . 4 C

i£oe, kq
c

7.6 6 . 7 d 5 . 4 e

15=extreme leakage or  l o s s  o f  vacuum and 
l=no v l s a b l e  leakage o r  lo s s  o f  vacuum.

'>8=extrem e ly  tende r  and j u i c y  and l=ex t rem e ly  
tough and dry.

~ — 0
Means in the same row w ith  d i f f e r e n t  s u p e r s c r i p t s  
a re  d i f f e r e n t  (P < .0 5 ) .

o f  the  beef l o n g i s s im u s  musc le
" — ■ ■ i -i r ;*i i i i -

ES

Postmortem S to rage  T rea tm entsd
Freeze L C h i l i  24 h r  and, f re e ze  C h i j l  20 days, and f re e ze  

ESb NSb E Sb NSbNS

ln¡t i a l 5.3d 6. l e 5 .7d 6.2e 5 .7d 6. l e
n9 loss, % 35•6de 33-1de 33.9de 36.0d 31. l e 33-6e

% 1.7ef 2.9d 2.9d 2 .3de 0 .9 f 0 .8 f
0,d ing capad ty , % 54.6e 56.5ef 58.6def 60.0de 62.6d 62 .7d

lp̂ s s c 5 - 39 5-0h 5 .6 f 4.1 ' 6 .8d 6.3e
nessc

5.3d 5.4d 5.3d 5 • 0d 5.4d 5 .4d
7-4e 7 • 4e 7 • 4e 7 .8d 3.89 4 .6 f

Hitj, acuum packaged, frozen at -40 C on racks fo r  24 hr and stored in boxes at -4 C; C h i l l  and freeze=
! Kag e d , c h i l l e d  on ra ck s  f o r  24 h r  at 2 to  3 C, moved t o  boxe s,  and f ro z e n  at -A0  C; C h i l l  2
k *0 3 pacuum packaged, c h i l l e d  on rack s  f o r  24 h r  at 2 to  3 C, moved to  boxes and s to r e d  20 days at 

’ and f ro z e n  at -4 0  C.
\ '«Ctr--
)«!((, 1 ca I 1 y s t im u la te d  and NS=not s t im u la te d .

^ n^e ]y tender and j u i c y ,  and l=ex t rem e ly  tough and d ry .ns
ln the same row w ith  d i f f e r e n t  s u p e r s c r i p t s  a re  d i f f e r e n t  (P < .0 5 ) .
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Conclusions (Studies 1-^)

1. Hot-processed ground beef is equal to or superior to cold-processed ground beef In physical, chemical,
cooking and sensory properties.
2. As postmortem excision time increases, storage and cooking losses Increase.
3. ES has no negative effect on ground beef quality t ra i ts .
1*. Hot-processed primal cuts have superior storage properties when compared to cold-processed cuts.
5. Muscle frozen immediately or before 2k  hr were borderline in tenderness.
6. With ES, muscles can be removed from the carcass within 1 hr postmortem and frozen after 2k  hr.
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