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INTRODUCTION

HOT BONING o f beef carcasses has economic advantages (Kastner, 1977; Nason, 1979; Kansas S tate U n iv e rs ity , 
1980). In  a d d it io n , proper a p p lic a tio n  o f hot boning can y ie ld  a product o f a t le a s t equal q u a lity  when c ' 
pared to  th a t co n ve n tio n a lly  processed (Kastner, 1977). Muscle excised and c h i l le d  o r frozen before the 
o f r ig o r  m o rtis  can s ig n if ic a n t ly  toughen due to  p re - r ig o r  e x c is io n , cold shorten ing , o r thaw r ig o r  i f  
(Locker and Hagyard, 1963; Marsh e t a l_., 1968; Marsh, 1972; Davey and G ilb e r t ,  1974). Hot-boning research 
techniques fo r  producing beef steaks and roasts have taken the fo llo w in g  approaches. Muscles and muscle sy^ of 
terns have been excised w ith in  1 to  2 hr postmortem, then vacuum packaged and cond itioned 24 to  48 hr a t 1= 
aged fo r  8 days a t 1 C (Schmidt and G ilb e r t ,  1970; Schmidt and Keman, 1974). A lte rn a t iv e ly ,  carcasses wer 0 ; 
stored a t 15 to  16 C fo r  6 to  10 hr postmortem, then hot boned (Kastner e t a l_., 1973; Kastner and Russel, ^  
Kastner e t al_., 1976). These hot boning techniques ge n e ra lly  equalled or exceeded conventional processing 
y ie ld ,  coTor, tenderness, and f la v o r  were considered. These approaches to  hot boning a lle v ia te d  po tentia  
tenderness problems due to  p re - r ig o r  c u tt in g  and subsequent temperature trea tm ents, o r allowed the onset 
r ig o r  m ortis  before muscle exc is io n .

E le c tr ic a l s tim u la tio n  o f beef carcasses soon postmortem can speed the onset o f r ig o r  m ortis  (Davey e t ¡LL-^ 
1976). Therefore, carcass or muscle co n d ition in g  o r aging periods required fo r  successful hot boning can t
reduced or a l le v ia te d  by e le c tr ic a l s tim u la tio n . Consequently, researchers (G ilb e r t and Davey, 1976; <?ii t
e t al_., 1976; Seideman e t a l_., 1979) have evaluated the u t i l i t y  o f  e le c tr ic a l s tim u la tio n  in  fa c i l i t a t in g  ing 
boning o f beef carcasses. This study was designed to  fu r th e r  evaluate e le c tr ic a l s tim u la tio n  and/or hot 
o f beef carcasses.

MATERIALS AND METHODS

Source o f m a te ria ls  and treatments . . a *
FORTY-SIX carcasses from 24 Hereford x Angus (medium s ize  b io lo g ic a l type , MT) and 22 Simmental x ch’,an ' weight ’ 
Angus or Hereford (la rg e  size  b io lo g ic a l type , LT) steers were u t i l iz e d  in  th is  study. Steers (average^ . 
257.6 kg) o f each c a t t le  type were assigned by weight to  e ith e r  an accelerated (ACC) o r conventional (CONV)

feeding regimen a f te r  a 4 week adjustment period . The ACC feeding regimen consisted o f a high concentrate^ 
f in is h in g  ra t io n  and the CONV regimen consisted o f backgrounding on p ra ir ie  hay, then f in is h in g  on a nig
cen tra te  ra t io n . Upon f in is h in g ,  the steers were slaughtered in  fo u r d i f fe r e n t  groups: m i-. • - - -  t
CONV groups, 12 steers each; and LT CONV, 10 s tee rs . These groups are h e re a fte r re fe rre d  to  as manageme 
systems. ^

Treatments assigned to carcass sides were: 1) conventionally c h ille d  a t 2 C fo r  48 hr before fa b r ic a tio n ^ ^ .. 
or 2) hot boned a t 2 hr postmortem (HB), or 3) e le c tr ic a lly  stimulated continuously fo r  2 min a t 1 hr P r0be’ 
tern (400 to 600 v o lts , 5 amps, 60 Hz o f AC current) and hot boned a t 2 hr postmortem (ESHB). S tim u la to rs  a(1o 
were inserted on the inside o f the rear leg approximately 8 cm below the attachment o f the a ch ille s  ten j in 
a n te r ia lly  to the humerus fo r  ESHB sides. A summary o f abbreviations and th e ir  explanations are presen ^  
Table 1. Treatment assignments used to evaluate a ll  treatments (C, HB, and ESHB) are presented in  Tab

d MT
MT ACC, LT ACC, ail

ignments

TABLE 1. SUMMARY OF ABBREVIATIONS AND 
THEIR EXPLANATIONS

___________ Management Systems__________________

MT ACC - Medium Size B io lo g ic a l Type, 
Accelerated Feeding Regimen 

LT ACC - Large Size B io lo g ica l Type, 
Accelerated Feeding Regimen 

MT CONV - Medium Size B io lo g ica l Type, 
Conventional Feeding Regimen 

LT CONV -  Large Size B io lo g ica l Type, 
Conventional Feeding Regimen

___________ Treatments___________________________
C - Conventional Treatment, Sides C h ille d  

At 2 C U n til 48 Hr Postmortem 
HB - Hot Boned 2 Hr Postmortem 
ESHB - E le c t r ic a lly  S tim ulated 1 Hr post

mortem and Hot Boned 2 Hr Postmortem

TABLE 2. TREATMENT ASSIGNMENTS TO CARCASS SIDES AND
muscles

LD - Longissimus do rs i
SM - Semimembranosus
PM - Psoas major
TB - Triceps b ra c h i i , long head
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4s$iLt j eai ;meni  combination (Table 2) appeared an equal number o f  times w ith in  each management system. I t  was 
roed th a t hot boning the TB and PM muscles would not a f fe c t the C treatm ent o f  the LD and SM m u s c l"

P̂o
v*cj„mUSC f excls10n> LD» from the a n te r io r  t ip  o f the iliu m  through the 13th r ib ,  SM, TB, and PM muscles were 
Were I? Pa<; ka9ed, boxed and stored a t 2 C. Steaks (2 .5  cm) fo r  ta s te  panel and W arner-B ratz ler shear eva luation  

cut from the vacuum aged muscles a t 6 days postmortem and frozen a t -26 C u n t i l  evaluated. Color steaks 
evaluated before fre e z in g . Color and ta s te  panel eva lua tions were not conducted on a l l  muscles.

Ŝ BSliature and pH declines
lr>tom?K em temperatu re  declines (TB and LD muscles) were monitored by in s e rtin g  a metal stemed d ia l thermometer 
<¡4 hr 6 te s t  musc1es bo a constant depth o f 5 cm. Temperatures were taken a t approxim ately 2, 4 , 6, 8 , and 
eiect. *?osb-mor^e,T1‘ TB ( la te ra l head), PM, and LD muscle samples (1 .9  cm cores) were removed a t 1 hr (p r io r  to
Ciw lc a * s tim u la tio n  o f ESHB sides) and 2, 4 , 6 , 8 , and 24 hr postmortem. A 1 to  2 gm po rtio n  o f the 1 9 cm

was blended w ith  10 ml o f 5 mM NalAc in  150 mM KC1 (B enda ll, 1973), and the pH recorded.

t e u t  and y ie ld  grade and percent l ip id  in 9 -1 0 - llth  r ib  section
and y ie ld  grades were determined on C sides a t 48 hr postmortem. The 9 -1 0 - l l th  r ib  section  was 

ea> deboned, ground, and sampled fo r  l ip id  composition (AOAC, 1965).

t^S n j r a t z le r  shear and taste panel evaluations
forc!  Panel  responses were obtained on the LD and SM muscles, whereas a l l  muscles were evaluated fo r  shear 
S W - Steaks were thawed fo r  approxim ately 16 hr a t 2 C before cooking. Both ta s te  panel and shear fo rce  

* ere To d i f j ed oven b a i le d  ab 163 C to  70 C in te rn a l ly .  Steaks fo r  shear ana lys is  were stored a t room 
S cr ure i 21 C1 fo r  2 hr before co ring  (AMSA, 1978). A d r i l l  press equipped w ith  a 1.27 cm diameter coring  
tW j ! , , was used t °  take ta s te  panel and shear fo rce  samples perpend icu la r to  the steak surface (Kastner and 
9pp4ra tu °n’ 1969^' Each Shear Steak y ie lded  s ix  l -2 7  cm cores which were sheared once w ith  a W arner-Bratzler

Six'mRml0ns fcT  m y o f ib r i l la r  tenderness, connective tissu e  amount, f la v o r ,  and ju ic in e s s  were obtained from a 
l«ri(ie ber tra in e d  ta s te  panel (AMSA, 1978). An e ig h t-p o in t scale was used fo r  each response (8 = extremely 
CV t i : 2 t S?“ . ! l awoi i  ° r  J'ui c^ o r no connective tis s u e ; 1 = extremely tough, bland f la v o r ,  o r dry o r abundant

Ço]
ive t is s u e ) . E igh t samples were presented randomly, and no more than two panels met’ per day.

fe>pJlanel eva luations
<llsPlavX̂ e n a tion ’ LD steaks were placed on a styrofoam tra y , overwrapped w ith  p o lyv in y l c h lo rid e  f i lm ,  and 
it  ayed fo r  4 days a t 2 C under continuous (24 h r/day) General E le c tr ic  Delux Warm White flo u re sce n t l ig h t in g  

n te n s ity  o f 1076 lumens/m^- (100 fo o t candles) a t the meat surface le v e l.

lecti
or ve muscle c o lo r was scored by fo u r p a n e lis ts . A f iv e -p o in t  scale (1 = very b r ig h t red ; 5 = very dark

9iL b r ° wn) was scored to the nearest 0.5 p o in t (K ropf e t a l . ,  1975). A v isua l score o f 3.5 was considered 
na i ly  unacceptable.

ana lys is
analy zed using the ana lys is  o f variance. To determine d iffe re n ce s  between means, the le a s t s ig n if -  

*  * . , " J r fe r? nFe (Snedecor and Cochran, 1973) was used fo r  LD and SM and a l in e a r  model approach fo r  the TB and
ÜScles (John, 1971).

VTs
W
^ f ^ L g j ia ra c te r i s tie s
'V e  had higher mean y ie ld  grades and g rea te r 9 -1 0 - l l th  r ib  percent l ip id  compositions than LT carcasses

The mean q u a lity  grade was average Good fo r  ACC and high Good fo r  C0NV feeding regimens.

VE 3
USDA MEAN QUALITY AND YIELD GRADES AND 9 -1 0 - l l th  RIB 
LIPID COMPOSITION BY MANAGEMENT SYSTEMS

! & en>ent 
|T *Cc
S

COnv 
T CONv

C ' H t h

USDA Q u a lity  
Grade

USDA Y ie ld  
Grade

9 -1 0 - ll th  
Rib L ip id  

Composition3
Average Good 3.3 41.82
Average Good 2.3 30.83
High Good 4.0 43.00
High Good 2.3 31.88

T6
hpQ: - n r ib  section  deboned, ground, and sampled fo r  l ip id  

u ion (AOAC, 1965).

,„d „„
to ^ c a l  s t im u la tio n  procedure fo r  ESHB muscles was e ffe c t iv e  in  increasing  the ra te  o f pH dec line  re la -  

V  L and counte rparts  (Table 4 ). However, Davey et^ al_. (1976) observed more rap id  pH declines in  beef 
dnd *-D muscles by s tim u la tin g  sides a t 30 min postmortem w ith  3600 v o lts ,  2 amps, and 15 Hz o f AC
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TABLE 4.. MEAN PH, TEMPERATURE AND TIME RELATIONSHIPS BY MUSCLES AND TREATMENTS

Muscles Treatments
pH 1 Hr3 

Postmortem
pH 2 Hrb Time 

Postmortem
Postmortem (Hr) 

when pH = 6.0
Temperature (C) 

when pH = 6.0
LD C 6.70 6.38 4.0 24.2

ESHB 6.72 6.22 3.0 29.2

TBC C 6.86 6.69 8.0 18.9
HB 6.72 6.63 8.0 15.6
ESHB 6.81 6.40 5.5 24.1

PM C 6.21 6.10 3.0 —

HB 6.16 6.05 2.0 —

ESHB 6.19 6.00 2.0 —

aBefore s tim u la tio n o f ESHB carcass sides.
^Before exc is ion  o f ESHB and HB muscles.
CTB - T riceps b ra e h ii, l a te ra l head

Shear fo rce  and tas te  panel
The C shear fo rce  mean (Table 5) was not d i f fe r e n t  (P>.05) from i t s  ESHB coun te rpa rt fo r  the LD muscle. HoW' 
ever, fo r  the SM muscle, the ESHB shear fo rce  mean was la rg e r ( le ss  tender) and d if fe r e n t  (P<.05) than the C ^ 
treatm ent mean. These re s u lts  were supported by tas te  panel m y o f ib r i l la r  tenderness eva luations (Table 5)* 
and ESHB ta s te  panel m y o f ib r i l la r  tenderness means fo r  the LD muscle were not d if fe r e n t  (P>.05), but the ESH 
mean fo r  the SM muscle was sm aller (less  tender) and d if fe r e n t  (P<.05) from i t s  C coun te rpa rt. Even so, the 
ESHB mean m y o f ib r i l la r  tenderness ra t in g  fo r  the SM muscle d id  not f a l l  in to  the tough category (Table 5).

Generally C and ESHB means fo r  the o ther ta s te  panel va ria b le s  fo r  LD and SM muscles were not d i f fe re n t  
However, the ESHB ju ic in e s s  mean fo r  the LD muscle was la rg e r (more ju ic y )  and d i f fe r e n t  ( P<.05) than the C 
treatm ent mean.

C vs HB and C vs ESHB shear fo rce  treatm ent mean comparisons fo r  the PM muscle (Table 6) were d i f fe re n t  
(P<.05) in  both cases. In a d d it io n , HB and ESHB means were sm alle r (more tender) than C means. HB and ESHB 
counte rparts  were not d i f fe r e n t  (P>.05) in d ic a tin g  th a t e le c tr ic a l s tim u la tio n  d id  not improve the hot boni a 
methodology used in  th is  study.

TABLE 5. WARNER-BRATZLER SHEAR FORCE (KG) AND
TASTE PANEL MEAN RESPONSES BY VARIABLES 
AND TREATMENTS FOR LD AND SM MUSCLES

Muscles
Variab les LD SM

C ESHB C ESHB
Shear fo rce 2.99 2.81 3.58a 4.131
M y o f ib r i l la r

tenderness0 6.4 6.4 6 . l a

-Qr-to

Connective tissue  
amountc 7.0 7.1 6.4 6.2

F lavor0 6.2 6.3 6.1 6.0

Ju ic in e ss0 6 .4a 6. 6b 5.3 5.3

TABLE 6 . WARNER-BRATZLER SHEAR FORCE MEANS (KG) 
BY TREATMENTS FOR PM MUSCLE

____________ Comparisons __
Treatments Means C vs HB C vs ESHB HB vs__ESHjj.

C 2.88 ★ *

HB 2.33
ESHB1 2.33
ESHB2 2.34

Means are d if fe r e n t  ( P<.05).
ND - Means are not d if fe r e n t  (P>.05).
ESHB1 ,2  - When making ESHB comparisons .both ESH& 

means were used.

a ,bMeans w ith in  the same row and muscle bearing 
d if fe r e n t  supe rscrip ts  are d i f fe r e n t  (P<.05).

c8 = extrem ely tender, in tense f la v o r  o r ju ic y  or 
no connective tis s u e ;

1 = extrem ely tough, bland f la v o r  o r d ry o r 
abundant connective tis s u e .

Because o f a s ig n if ic a n t  management system x treatm ent in te ra c t io n , TB shear fo rce  treatm ent mean comparjs°ean 
are reported by management systems (Table 7 ). Regardless o f the management system, none o f the treatmen ^  
comparisons were d i f fe r e n t  (P>.05 ). Again e le c tr ic a l s tim u la tio n  was not necessary to  insure  the succes 
hot boning. This was true  even though e le c tr ic a l s tim u la tio n  accelerated the ra te  o f pH dec line  in  the 
muscle (Table 4).

Color . y 1 °f
Even though no mean c o lo r score mean d iffe re n ce s  (P>.05) ex is ted  between the C and ESHB treatm ents a t 0 
day 4, the ESHB samples tended to be b r ig h te r  a t each day o f d isp la y  (Table 8) .
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% le 7. WARNER-BRATZLER SHEAR FORCE MEANS (KG) 
BY MANAGEMENT SYSTEMS AND TREATMENTS 
FOR TB MUSCLE

ComparisonsÎSgement
Treatments Means

1,1 ACC C 3.57
HB , 
ESHB,

4.18
3.81

Lt acc
ESHB2 4.01
C 3.70
HB
ESHB,

4.11
4.04

^  CONV
ESHB2 3.83
C 2.92
HB . 3.35
ESHB, 3.57

lT GOnv
ESHB2 3.43
C 3.40
HB . 3.93
ESHB, 3.51

^ __ ESHB2 3.77

C vs HB C vs ESHB HB vs ESHB
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1^2SnS are n0t dlEEerent (p>•05).
- When making ESHB comparisons, both ESHB means 

were used.

TABLE 8 . MEAN COLOR PANEL SCORES BY 
TREATMENTS AND DAYS OF DISPLAY 
FOR LD MUSCLE

Days o f 
D isp lay0

Treatments
C ESHB

i 1.65 1.54

4 2.10 1.94

Means w ith in  the same row bearing no 
su p e rsc rip t are not d if fe r e n t  (P>.05).

Color scale - 1 = very b r ig h t red; 5 = 
very dark red or brown.

aSteaks wrapped in  p o lyv in y l ch lo rid e  
f i lm ,  d isplayed a t 2 C, continuous 
(24 h r/day) delux warm w hite flo u re sce n t 
l ig h t in g ,  1076 lumens/m2 (100 fo o t candles).

H ussion

*iTh
^ i j h e  exception o f the SM muscle, our C vs ESHB re s u lts  g ene ra lly  agree w ith  G ilb e r t e t al_. (1976) and

an i t  al_. (1979). Our ESHB ta s te  panel means fo r  the SM muscle d id  not f a l l  in to  an unacceptable range, 
^ l i f ? ’ 0ur C v? ESHB shear fo rce  and ta s te  pane1 m y o f ib r i l la r  tenderness mean d iffe re n c e s , though sm all, were
W . lc *n t .  Seideman e t aK  (1979) s tim u la ted  a t 30 to 40 min postmortem using 25 impluses o f 0.5 to  1.0 sec

a,)d a 2 " week a9">n9 period which could have negated the d iffe re n ce s  (SM muscle tenderness) we ob- 
G ilb e rt i t  i i -  (1976) a lso used s tim u la tio n  cond itions  (3600 v o lts  o f  15 Hz o f  AC c u rre n t) which were 

if|<l thpn t Erom o u rs - Davey ert al_. (1976) evaluated the s tim u la tio n  co n d ition s  used by G ilb e r t e t a l . (1976) 
ey were more e ffe c t iv e  in  reducing pH than our s tim u la tio n  methodology. ~

?6c6ssa^ re s u lts  a9ree w ith  Schmidt and Keman (1974). Even though e le c tr ic a l s tim u la tio n  d id  not appear 
dscle y to  succe ss fu lly  hot bone the PM and TB muscles, i t  may be needed to  f a c i l i t a t e  the hot boning o f o ther

- p a r t ic u la r ly  i f  an aging or c o n d itio n in g  period is  not used.
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