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JKBONING beef with and without electrical stimulation
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P roduction

^ter°f i the we1 9h t lo s t  during coo ling  o f beef sides can be saved i f  the meat is  deboned as soon as possib le  
^ s l a u g h t e r  and vacuum packed before c h i l l in g .  Less re fr ig e ra t io n  is  requ ired  to  cool the meat and la rge  

c h i l le r s  can be replaced by more compact u n its  w ith  b e tte r  con tro l over coo ling  ra te s . Jo in ts  can be 
Joint* more ra Pid1y and evenly and th is  should reduce exudate o r d r ip  loss and give more uniform  co lou r w ith in

\  (| L
Ct|'n  m°ned meat i s ’ however> s tic k y  and more l ia b le  to  contam ination than cold deboned and, although packs 
rne$ m?re ra p id ly  than carcasses, contaminated surfaces are o ften  deep in  the pack and th e ir  slower coo ling
I^ l l ln 1 Ve more °PP°rtu n 1 ty fo r  b a c te r ia l m u lt ip lic a t io n .  Eating q u a lity  may a lso be a ffec ted  since rap id

iL 'Increases the r is k  o f co ld shortening and th is  can cause toughness (Locker & Hagyard, 1963: Marsh &
1 l 966; D rans fie ld  & Jones, 1978).

Thls
dy was des i9ned t0 analyse a l l  the apparent advantages and disadvantages o f  hot deboning as a commercial

Conventional deboning a f te r  c h i l l in g  was compared w ith  two hot deboning treatments designed to  a llow
c h i l l in g  w ith o u t co ld -sh o rten in g , under cond itions  which could be achieved by cu rre n t fa c to ry  equipment.

V ntal

Sixteen H ereford, F rie s ia n  or Hereford x F ries ian  s te e rs , aged between 1J and 2$ years (carcass weights 
'3ht k9) were used. One side o f each carcass was cold deboned and the opposite sides were hot deboned,
Sd cer e le c tr ic a l s t im u la tio n  (Davey, G ilb e r t &  Carse, 1976). Temperatures were measured in  the deep 
t nd on the surface o f s ides , and in  the centre and surface o f the hot deboned topside jo in ts .

Cold deboning (C) Sides were held a t 15°C fo r  7 h r before being placed in  a chi 11 room a t 0° to 1°C 
ka] r  v e lo c ity  o f 0.5 m/sec. A t 48 hr from s laughte r they were deboned in to  15 primal jo in ts  (s h in , clod

f i l l e t ,  s t r ip  lo in ,  h ind-
k ; ui u . j  im/ pcv. .  m. t o  nr 11 umi s iauym .er uiey were aeoonea into  l

H / l ? k e t’ shoulder, fo r e r ib ,  chuck, le g , tops ide , s i lv e rs id e , top rump, rump, f.,p4fte/T a n k ) ,  which were vacuum packed in  Cryovac BBI bags. Hot deboning (H) Sides were hot deboned, 1-2 
'Jled .d a u g h te r and the 15 prim al jo in ts  vacuum packed im m ediately. At 3 h r from s laughte r the jo in ts  were 

U k  1n s ing le  laye rs  in  p la s t ic  mesh trays  a t 10°C w ith  an a i r  v e lo c ity  across the meat o f 0.5 m/sec fo r  9 h rs],, The, 
s^9ht,n a t l° c  fo r  a fu r th e r  18 h r. Hot debonin

pe 700 v a t 25 pulses/sec were app lied  to  m e  s i u e s  u e u w e e n  m e  « c m  l i e s  tenaon ana m e  necx ro r  t o  
i l't'1edl0ds ’ The loog^ssimus do rs i f e l l  to  6.5 (mean fo r  a l l  s tim u la ted  s id e s ). Hot deboning 
'I've! out 1-2 hr a f te r  s laughte r and the vacuum packed jo in ts  were c h il le d  on trays in  a i r  a t -1°C w ith

a
vei

*11
° c i ty  across the meat o f 0.5 m/sec u n t i l  24 hr from s laugh te r.

a f te r  e le c tr ic a l s tim u la tio n  (E) Approximately 50 min from 
e sides between the A c h ille s  tendon and the neck fo r  fo u r 30

was 
an

/ ases the c h il le d  jo in ts  were stored in  cartons a t +1°C. Jo in ts  from e ig h t o f the animals were examined 
days and jo in ts  from the o the r e ig h t a f te r  21 days.

Sides were weighed a t the end o f the dressing l in e  and a l l  hot deboned jo in t s ,  lean t r im , k idney, fa t
St

V  ^  bone were weighed before c h i l l in g .  C h ille d  sides were weighed before cold deboning and jo in t s ,  e tc .  
s '9hed before storage. When vacuum packs were opened, jo in ts  and res idua l d r ip  were weighed.

°1°£y The surfaces o f a l l  jo in ts  were sampled before packing and a t the end o f storage by swabbing
ng the template and swab technique (K itc h e l l ,  Ingram &  Hudson, 1973) w ith  s te r i le  sa line  conta in ing¿1**5 usT

tn ) ani°ne as d H uen t. Decimal d i lu t io n s  were made from each swab by the lo o p / t i le  method (K itc h e ll e t a l .,
° ml o f each d i lu t io n  p la ted  on P la te  Count Agar (PCA, Oxoid) which was incubated a t 25°C fo r  5 days

ln the to ta l v ia b le  count. Escherich ia c o li were enumerated as described by MacDougall e t a l ■, (1979).

■ Samples were taken from M. longissimus d o rs i, M. semitendinosus, M. g lu teus medius and M. psoas 
Packed and heated a t 80°C fo r  20 to  30 min u n t i l  they reached 79^0, cooled fo r  30 min and cu t in to

¿¡U d0°cks. An Ins tron  Universal_______  _________  Testing machine f i t t e d  w ith  Volodkevich jaws recorded toughness as
(J) 1 n compression through the 1 cm  ̂ cross sections o f  10 re p lic a te s  a t r ig h t  angles to  f ib re  

°n o f 10 re p lic a te s .

soas m ajor,
----- T U

the mean

j^flgSlens
slonQ1®kJVoyTe, 1971). Mean length  (pm) was ca lcu la ted  from 6 re p lic a te s  from 4 s ite s  from a 1 cm s lic e  o f

The sarcomere lengths o f raw m y o f ib r ils  were measured by o p tic a l d if f r a c t io n  using a helium -

Ipius d o rs i,
/  cm s lic e s  o f M. longissimus dors i and M. semimembranosus were wrapped in  oxygen permeable f i lm  and 

ro, klip a i r  fo r  1 h r a t 2 ° C .  The M. semimembranosus sample included the la ye r below the subcutaneous fa t  
It Us „ ° r Tion adjacent to  the femur. Colour was measured w ith  a Hunter D25 Colour D iffe rence Meter and the 

9Une exPfessed as uniform  lig h tn e s s , hue and sa tu ra tio n  (T ay lo r & MacDougall, 1973).
Ss Was a lso measured on a transverse section  o f c h il le d  lumbar subcutaneous fa t .

'^Hjftĝ kP tent and pH Tota l pigment was measured as cyanmetmyoglobin (W ie rb ick i e t a l . ,  1955) and pH was 
e d Tn the 1 : 9 d is t i l l e d  w ater e x tra c t.
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O rganoleptic assessment Pairs o f ro lle d  s i r lo in  jo in t s ,  approxim ately 15 cm in  d iam eter, from con tro l and 
trea ted  sides o f the same animal were roasted to  an in te rn a l temperature o f 75°C 1n e le c t r ic  ovens a t 175°C. 
S lices o f trimmed M. longissimus dors i 0 .5 cm th ic k  were served hot to  a 13 member panel experienced in  
assessing roas t beeT^ fla v o u r was assessed on an 8-po1nt scale from l ik e  extrem ely to  d is l ik e  extremely- 
Texture was assessed on an 8-po1nt from extrem ely tender to  extremely tough and ju ic in e s s  on a 5 -p o in t scale 
from extrem ely ju ic y  to  d ry .

Experimental design The experimental design is  a p a r t ia l ly  balanced incomplete block in  which treatm ent H 
compared w ith  C on 8 carcasses and treatm ent E was compared w ith  C on 8 carcasses, 4 o f each o f the 8 c a rc a s s ^  
being examined a t 5 days o r 21 days. The means o f the main e ffe c ts  from the ana lys is  o f variance are presen

RESULTS

CHILLING 

Table 1.

Time x temperature re la tio n s h ip s  are shown in  Table 1. With treatm ents H & C, the temperatures
' "7 Lj

Time x temperature re la tio n s h ip s  fo r  deep and surface musculature during coo ling  in  treatments L

Temperature (°C) a t 12 hr from s laughte r (surface) 
ii ii H ................ ii (deep)

Time (h r) to  reach 7°C (deep)
ii ii ii ii 11

Treatment
c H E

12 14 4
26 19 13

34 21 17
48 32 23

------ ture!
12 hr a f te r  s laughte r were s u f f ic ie n t ly  high to  avoid co ld  shorten ing . With treatm ent E, the lower temper0 
would have induced shortening in  a considerable p ropo rtion  o f the meat had i t  not been s tim u la ted .

A deep temperature o f 7°C was achieved 17 hr a f te r  s laughter w ith  E, and even w ith  the delayed c h i l l in g  in  
was reached in  21 hr compared w ith  34 h r w ith  the conven tiona lly  c h il le d  s ides.

Meat Y ie ld  The hot deboning procedures used fo r  treatments H & E were id e n tic a l and th e ir  data were combine<*
fo r  comparison w ith  conventional co ld deboning (Table 2 ). Because the hot and co ld  butchery was s l ig h t ly  
d if fe r e n t ,  the weights o f jo in ts  from each treatm ent were combined w ith  lean tr im  as to ta l usable meat, 
y ie ld  o f meat based on hot side weight was s ig n if ic a n t ly  g rea te r ( p<0.001) w ith  hot deboning, m ainly becaus 
the 1.7% evaporative loss during the c h i l l in g  o f sides was avoided and 2.6% less fa t  was trimmed from the h ing*
primal jo in ts  before vacuum packing. On the o ther hand there was 0.4% g rea te r evaporative loss during ° e 0
jo in t in g  and packing o f the ho t meat. The w eight o f  bone was also 1.3% grea te r than from the co ld  sides»

Table 2. Comparison o f co ld and hot deboning on meat y ie ld  from opposite sides o f 16 animals (% hot w tj .

Evaporation loss Evaporation loss during -nq 
during c h i l l in g  boning, jo in t in g  and

Cold deboned 

Hot deboned

Hot side  

100 

100

Cold side  

98.3

Usable
meat

73.6

76.2

Bone

16.3

17.6

Fat
Trim

8.2

5.6

1.7 0 .2

0.6

poss ib ly  because the bone in  the la t t e r  had d ried  during c h i l l in g ,  but more l ik e ly  because o f less e f f i c1 
trimming w ith  hot deboning.

en*

. by
Drip L i t t l e  d r ip  accumulated in  vacuum packed jo in ts  during the f i r s t  5 days o f  storage (Table 3 ) , bus 
clays 1 t had increased in  both fo re q u a rte r and h indquarte r cold deboned jo in t s ,  although w ith  hot d e b o n i^

Table 3. E ffe c t o f treatm ents C, H and E on accumulation o f d r ip  (% packed w t.)  in  jo in ts  stored fo r  
5 or 21 days a t 1°C.__________________________________________________________________________  _

21

5 days 21 days

C H E C H E

Forequarter jo in ts 0.06 0.16 0.08 0.32 0.20 0.20
H indquarter jo in ts 0.16 0.05 0.05 0.42 0.12 0.32
A ll jo in ts 0.11 0.11 0.07 0.37 0.16 0.26

but to  a le sse r ex ten t when e le c tr ic a l s tim u la tio n  was used.

M icrob io logy  
in  lab le 4!

B ac te ria l counts on the jo in ts  a t the time o f packing ( i n i t i a l )  and a f te r  storage are s was 
The method o f deboning d id  not a f fe c t (p>0.05) the i n i t i a l  leve l o f  contam ination and

in*5
Table 4. E ffe c t o f treatm ents C, H and E on i n i t i a l  and f in a l  b a c te r ia l counts ( lo g 10 number cm ) on 

stored fo r  5 o r 21 days a t 1°C._____________________________________________________________________

I n i t i a l  5 days 21 days
C H Ë C H E C H E

Total count 
E. c o li

2.41 2.68 2.43
0.02 0.02 T.99

2.25 2.65 2.41 
0.04 0.04 T.96

4.31 4.68 3.97
0.03 0.02 0.01
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treatment e f fe c t  (p>0.05) on to ta l v ia b le  counts o r numbers o f  E. c o l i  a f te r  storage.

j ^ u j e n t a l measurement o f te x tu re  and co lou r A fte r  on ly  5 days the fo u r muscles gave te x tu re  values ty p ic a l 
____ t iv e iy  tender meat (Table 5 ). Roast beef assessed by an experienced tas te  panel as very tender,

Table 5. E ffe c ts  o f treatm ents C, H and E on co lour o f fa t  and raw M. lonqisslmus d o rs i. sarcomere lena th . 
te x tu re  measurement o f 4 muscles o f ro l le d  s i r lo in  roast a f te r  S o r 21 days a t 1°C.

5 days 21 days

^cutaneous fa t  
Lightness 

to i~< l̂Png. dorsi
Lightness
Hue
S atura tion
Sarcomere length (pm)

W e (j)
-L̂ Jong . dorsi
jl^sem i tendí nos us
?L_gluteus mediusto.Jsoas major

c H E C H E

67.1 70.1 68.8 67.5 70.8 69.5

29.8 30.2 29.4 31.5 31.7 31.5
26.2 26.4 25.8 26.5 26.3 26.6
19.6 19.9 19.3 21.8 22.2 22.3
1.59 1.60 1.56 1.63 1.69 1.62

0.18 0.17 0.21 0.15 0.12 0.16
0.12 0.22 0.24 0.18 0.19 0.17
0.18 0.15 0.19 0.16 0.13 0.11
0.14 0.13 0.16 0.13 0.12 0.13

O .^ V y  tender and s l i 9h t ly  tough would have values measured by th is  method o f approxim ately 0 .14 , 0 19 and 
resPe c t lv e ly - Texture improved between 5 and 21 days but w ith  no cons is ten t d iffe re n ce  between

?nd th1s* toge ther w ith  measurements o f sarcomere lengths in  M. lonqissimus dorsi confirmed th a t co ld  
Gening had not occurred. ---------- 2----------------------

to Packed hot in  treatments H and E was l ig h te r  than fa t  removed cold in  treatm ent C. The co lou r o f 
jjg^g jFLssimus dors i was unaffected by treatm ent and the increases in  lig h tn ess  and sa tu ra tio n  w ith  storage

sîmTTa r.
Col
lightn m ayvary w ith i n large muscles because d iffe rences  in  coo ling  ra te  a ffe c t l ig h t  s ca tte r in g  and the re fo re  

(MacDougall, 1977).  ̂ The u ltim a te  pH and pigment content o f M. semimembranosus was a ffe c te d  n e ith e r
nor dy p o s itio n  w ith in  the muscle but ligh tness  varied  w itF 'p o s it io n T  

Part o f the muscle was l ig h te r  than the o u te r;
'»bl

With cold deboning, the 
w ith  treatm ent H there was no d iffe re n ce  between inner

e 6. E ffe c t o f treatments C, H and E on pH and lig h tn ess  o f 2 anatomical lo ca tions  (3 cm below s 
ta t  -  OUT; 3 cm in  from femur = IN) in  M. semimembranosus stored fo r  5 and 21 days a t 1°C.

subcutaneous

5 days 21 days
C H E C H E

PH OUT
IN

5.55
5.60

5.50
5.55

5.58
5.63

5.54
5.53

5.52
5.60

5.56
5.56

Lightness OUT
IN

27.6
32.4

26.6
26.7

26.4
30.5

28.6
32.4

28.6
28.6

27.5
30.6

Ter ,  w ith  treatm ent E, the inner was l ig h te r  than the o u te r, but less so than in  treatm ent C.

^ l ^ - y --£ssnienT o f ea ting  q u a lity  An experienced panel found no d iffe re n ce s  w ith  treatm ent in  e ith e r  fla v o u r  
.A ys  uv,eSSL  te x ^ r ^ °T **oas t M7 lonqissimus dors i was a lso unaffected by treatm ent and the improvement from 

trea^ 11 ^  Was ^ud^ed moderately tender1, to 21 days when i t  was approaching "very tender" was s im ila r  fo r

Dt$i

toot
,CU$SI0N

\  h®b°mng avoids weight loss during carcass c h i l l in g ,  but p a rt o f  the advantage is  o f fs e t by evaporation from 
^  N u r m!;a t dur1ng deboning and packing. In these experiments weight loss was 0.6% in  1-1$ h r , but i t  could 

ScteHk W1th <Tu icke r procedures. Reduced evaporative loss resu lted  in  more usable meat, but y ie ld  was also  
J®'t d6k by d iffe re n ce s  in  hot and cold butchery. I t  was im possible to  ca rry  out normal fa t  trimming during  
o bsak?n in 9 (Schmidt & Keman, 1974), and fa t  may have to  be removed a t r e t a i l .  Fat tr im  cannot be considered 
A t  f le meat and, i f  the 2 .6% d iffe rence  in  fa t  tr im  between hot and cold deboning is  subtracted from the to ta l 
ii Porat? bot deboning, the y ie ld  is  id e n tic a l fo r  the two methods. The remaining o ve ra ll saving in  
not t>e<T 1ve Toss (1.3%) was o ffs e t by the g rea te r bone weight from hot butchery, suggesting th a t meat y ie ld  w i l l  
^  improved unless the bone is  trimmed as e f f ic ie n t ly  as w ith  cold deboning.

f»icTes° nin9 C0UPTed w ith  more rap id  coo ling  minimized d r ip  loss and produced a more even co lou r across la rge  
/ ' I  These b e n e fits  however were less when e le c tr ic a l s tim u la tio n  was Included, suggesting th a t the e a rly  
JtoovgJ Po Increased p ro te in  denatura tion . The g rea te r d r ip  from h indquarte r jo in ts  which were the la s t  to  be 

f 0m ttle carcass> and the Paler co lou r o f  the in te r io r  leg muscle, demonstrate th a t th is  denatura tion  
u in  p a rt w h ile  the meat was s t i l l  on the carcass.
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There is  no evidence th a t hot deboning Increases b a c te r ia l contam ination before packing, o r th a t i n i t i a l  
c h i l l in g  a t 10°C fo r  12 hr Is  l ik e ly  to  a llow  growth o f bac te ria  hazardous to  h ea lth . Total v iab le  counts 
during storage were s im ila r  to those on cold deboned jo in ts  and s h e lf l i f e  should be comparable. Higher j 
temperatures o r longer co n d ition in g  periods may have considerable adverse e ffe c ts  on m ic ro b io lo g ica l q u a lity  3 .¿5 
th is  stage requ ires ca re fu l c o n tro l.  S ingle stage low temperature c h i l l in g ,  a f te r  e le c tr ic a l s tim u la tio n , aV 
th is  problem.

Although D ra n s fie ld , Brown & Rhodes (1976) found th a t instrum enta l measurement o f toughness was increased 
s l ig h t ly  by hot deboning, we detected no treatm ent d iffe re n ce  in  te x tu re  o f  the muscles we examined and,also 
confirmed th a t hot deboning d id  not a f fe c t ju ic in e s s , fla v o u r o r te x tu re  assessed by tas te  panel. There was 
in d ic a t io n  o f any d ire c t  tende ris lng  e f fe c t  from e le c tr ic a l s tim u la tio n . Reports o f  improved tenderness 
(Harsham & Deatherage, 1951; S a ve li, Smith & Carpenter, 1978) have been associated w ith  slow co o lin g , and 
George, Bendall & Jones (1979) a tt r ib u te d  the e f fe c t  to  high muscle temperature a t onset o f r ig o r .  Any 
tende ris lng  e f fe c t  would the re fo re  be minimal o r undectable w ith  the rap id  c h i l l in g  used in  th is  study.

In the UK, the p r in c ip a l commercial a t t ra c t io n  o f  hot deboning may prove to  be the considerable reduction  in  
tim e , space and re fr ig e ra t io n  capac ity  requ ired fo r  c h i l l in g .  Risk o f co ld shortening can be avoided by j 
delaying the s ta r t  o f c h i l l in g ,  but maximum saving in  time is  achieved by combining hot deboning w ith  e lec^ ,! . in 
s tim u la tio n . The meat from beef carcasses can the re fo re  be c h il le d  to  the 7°C required by the EEC w ell w itn 
a d a ily  cyc le .
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