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V  er
of fr êa ° f  post-slaughter handling and distribution  
flight- meat covers a wide range of operations from
’t Pg v®r through to the final portion or product as 
S k inChes the consumer. The industry is continual 1,
S r 0v? for new technologies or techniques for 
0oint ’ og the e ffic iency of getting meat from the 
eCon0m° f slaughter to re ta il in the quickest and most 
ifid c Cal way without detracting from eating quality  
j nsumer sa tisfaction .

'All can be focussed on four main objectives:
|oss, ucin9 ch illin g  time and evaporative weight

fusible"1® usat,le  meat availab le  as quickly as

?°S$iMievir,g marketable tenderness as early  as
(«) pr and
attra. Senting meat to the consumer in a hygienic and 

Ctlve form.
‘hail

t Ehes Consider some of the developments and trends 
^ejr e aFeas as they re late  to whole meat, and 

°nsequences on meat quality .
CARCa

CHILLING and weight loss
°6ef
s!°'ed k1*  and pa9 carcasses or sides are normally 

..y  Placing them in a room at a temperature 
1n9 1°C or 2°C and with« ¡ > 1 rr tgav- a * w ui t  u <anu wiui l i t t l e  a ir  movement, 

Each . 1n9 them until th e ir  maximum temperatures 
e<trac me specified le ve l. The amount of heat to be 
^eater-e?Ldurin9 the f i r s t  4 h of ch illin g  is far
f5r'od tdan the average rate over the whole cooling 
r0ad m* *n some circumstances, th is peak product 
> i P * be as high as five  times the average* i • y 11 as live  times tne aveiaye

6 desi ent ^ ox 4 Bal'le y , 1977) and few chillrooms 
9ned with refrigeration  to cope with this  

^ P e r^ a l demand. As a consequence, ai
t a ¡¡K Ure dses and cooling time is increased; in 

16 k lJ 0st abattoirs operate ch illin g  periods of 14 
,SrCaSse 0r Pork and lamb and 36 to 48 h for beef 
”S the cooling during the in i t ia l  stages

eVaPorat9xt ra disadvantage of allowing a high rate of 
]’■!$ ca„lve we19 ht loss. Batch ch illin g  systems for
4 * 9 - y "  G 1 \/Q   ^ 1 _________  _______  rt A I_________  _  XT L  _o.  ______

Pi
and w Ve wei 9ht losses over 24 hours of between 

eraqp * (G ig ie l, 1984) and for beef, losses 
\  ° etween 1 . 1  and 2.0%.

ChC*ss iv °mi d isadvan tages of slow throughput and 
tJ'liriQ  WeT9ht loss have encouraged the search for 

1SratiiLystems which w ill reduce carcass 
P il in g  re„ t'0 7'C as rapidly as possible without

Huch of the in i t ia l  interest has been with'9s, wn
a higk6 smaH er carcass size, faster throughput 

r '°P s  de9ree of specialisation o ffer more
J  i n r »  *«■ ̂ _ w . _ _  „, _____________„ . -

advantages with rapid ch illin g . Work at 
a Piqn° Wed that the total product heat load of a 
jungle- 5arcass can be extracted in 4 hours, using 

stage process with a ir  at -30°C and 1 m/s 
, 1983; Gigiel 4 James, 1984). After a 

'¿¡¡°eratur h equalisation period in vacuum packs,
|0 C r6s es in the shoulder and belly were +3°C and 

' f r0a,e^t^vely. The average evaporative weight 
areatPiPi carcasses cooled in th is way was 1.1%

°brn atWath 2.1% from carcasses cooled overnight in
thiAl

t^>9h
thi0eratura^ 'd p’ 9 ch illin g  systems with sub-zero 

* are i es ar"e l i t t l e  used commercially in the UK, 
n some other European countries and in

North America, although in i t ia l  a ir  temperatures tend 
to be higher than -30°C. In The Netherlands and 
Denmark, pig ch ille rs  have been designed to use high 
ve loc ity  a ir  at -20°C to extract approximately 80% of 
the total heat before carcasses pass to equalisation 
stages with higher temperatures and re la tive  
humidities. Weight losses as low as 1% are reported, 
but to achieve th is , i t  is essential that, a fter the 
in i t ia l  blast ch illin g  stage, a ir  ve lo c ities  are kept 
to a minimum.

Because of th e ir larger bulk, beef carcasses present 
greater problems in rapid c h illin g . Although the 
total heat load of a 120 kg beef side to give an 
average temperature of 7°C, can be removed by 6 h 
treatment with a ir  at -15°C and a ve loc ity  of 3 m/s 
(James, 1985) and such a system can reduce weight 
loss to only 0.8%, a considerable proportion of the 
carcass is frozen and th is lim its application for 
producing ch illed  meat. Some large abattoirs in the 
USSR were reported by Sheffer 4 Rutov (1970) to be 
using 2-stage systems for ch illin g  beef sides. These 
used a ir  at -10°C to -15°C and 1 to 2 m/s for the 
f i r s t  4 to 8 h, followed by an equalisation period at 
-1°C and moderate a ir  ve loc ity  for 6 to 8 h. Overall 
weight loss was reported as 1%.

The main problem in applying rapid ch illin g  
techniques to large carcasses like  beef is excessive 
surface freezing. For th is reason, most accelerated 
ch illin g  systems proposed for beef use very low 
temperatures only for the f i r s t  few hours and follow 
with one or more stages, progressively increasing 
temperature to allow equalisation. Some of the rapid 
ch illin g  systems proposed in the lite ra tu re  for beef, 
the conditions used, and the reduction in time and 
weight loss are shown in Table 1 (James 4 Ba iley , 
1986).
Table 1. Rapid ch illin g  systems proposed for beef 
sides. Side weights, time to reach 7°C maximum, 
total cooling time, and reported weight losses 
compared with conventional ch illin g

Cooling Si de Time (h) Weight loss (%)
conditions* (kg) to 7“C Total Conventional Rapi d

max ch ill chi 11

1 100 18 18 2.25 1.47
2 123 15 20 - 0.88
3 119 14 21 - 1.03
4 118 13 21 2.15 1.12
5 - 10-16 2.0 1 . 0

6 - 14 21 1.94 1.28
7 120 20 21 1.52 1.08

(1) 3 h at -30°C with liqu id N, in jection , followed
by d

gradual increase to 0°C over 4 h (Kerens, 1983).
(2) 3 h at -19°C, 1.2 m/s, followed by 17 h at 

0.6 °C , 0.75 m/s (Kerens, 1983).
(3) 3 h at -19°C, 1.2 m/s, followed by a ir  gradually 

increasing to 0.7°C over 7 h, with a ir  at 0.75 
m/s (Kerens, 1983).

(4) 2.5 h at -19.5°C, 1.2 m/s: 3 h at -9.5'C, 0.75 
m/s, followed by increase to 0°C (Kerens, 1983).

(5) 4 to 8 h at -15° to -10°C, 1 to 2 m/s, followed 
by 6 to 8 h at -1°C, 0.1 to 0.2 m/s (Sheffer 4 
Rutov, 1970).

(6) 6 h at -15°C, 0.5 to 1.5 m/s, followed by 
gradual increase to 4°C over 12 h (Union 
International Consultants, 1984).

(7) 6 h at -15°C, 2.3 m/s, followed by 15 h at 0°C, 
0.5 m/s (James, 1985).
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All the rapid ch illin g  systems in Table 1 are capable 
of cooling sides below 7°C within 20 h and show 
reduced weight losses. In experiments at Bristo l 
considerable crust freezing occurred (James, 1985) 
and this has hindered widespread uptake of such 
systems in the UK.

The economic advantages of rapid ch illin g  were 
evaluated by Bowater (1986) who compared 3 systems 
for beef ch illin g  which f it te d  into da ily  cycles to 
sa tis fy  production and labour requirements. They 
were:
(a) Slow ch illin g : 48 h system
(b) One day cycle: 24 h system
(c) Rapid ch illin g : within 24 h system.

He identified  the principal advantage of rapid 
ch illin g  as the reduction in weight loss. Prototype 
tests were carried out at B ris to l and CSIRO,
Brisbane, using for the conventional 24 h system (b ), 
a ir  at -1°C and 1 m/s. The rapid system consisted of 
1 h at -15°C, 2 m/s; 3 h at 12°C, 2 m/s and then 17 h 
at 4°C. Respective weight losses for the 48 h, 24 h 
and rapid c h il l were 2.5%, 1.2% and 0.6% although the 
last was measured before the 17 h equalisation stage 
was because condensation occurred sometimes on the 
cold carcasses during temperature equalisation. In 
practice, th is should be avoided by allowing 
temperature to rise  gradually during the equalisation  
period.

Nevertheless, these t r ia ls  gave the basis for 
estimating the re la tive  economic advantages of the 
three systems, with fu ll consideration given to the 
higher capital and running costs of the rapid systems 
(Table 2 ).
Table 2. Production cost per head of ca ttle  for 3 

ch illin g  systems.Cost per head (£)

System Capital Operating Weiqht loss Total

48 hr c h il l 2.33 0.49 11.00 13.82
24 hr ch ill 1.66 0.72 5.28 7.66
Rapid ch ill 3.20 0.52 2.64 6.36

The apparently simple expedient of enhancing in i t ia l  
heat extraction by in jecting  cryogenic liqu id  into 
conventional ch ille rs  during the early cooling period 
has been examined by several workers. Kerens (1983) 
claimed that addition of liqu id  N~ to a beef c h il le r  
normally operating at 0°C, reduced a ir  temperature to 
-30°C and cut the time to reach 7°C maximum carcass 
temperature from 25 h to 18 h and reduced weight loss 
from 1.90 to 1.46%. Other workers have used liqu id  
a ir  in the same way, and achieved reductions of 
between 0.36 and 0.54%. Although the use of 
cryogenic liqu ids for ch illin g  is certa in ly  promising 
th e ir  control to avoid surface freezing is d if f ic u lt  
and they are currently expensive to use. I t  must be 
rea lised, of course, that where rapid ch illin g  is 
applied to carcasses, the advantages in reduced 
weight loss are maximised only i f  the meat is packed 
as soon as cooling has been completed. Unnecessary 
holding periods can lose the e a r lie r  advantages.

ACCELERATED HANDLING AND HOT BONING

The cooling conditions proposed for rapid ch illin g  of 
carcasses are severe enough to lead to 
cold-toughening in beef and lamb and, some might 
suggest, even pork. E le c tr ica l stimulation (ES) is 
therefore a sensible prerequisite when considering 
rapid ch illin g  of beef and lamb carcasses. ES is now 
an accepted technique in the meat industry and is 
used in a varie ty of forms; low voltage ES ranges

from 45 v to 90 v peak, while high voltage system* j 
range from 200 v to over 1000 v peak. Duration 0 s 
stimulation varies from 30 to 64 s with low volta?^  ̂
and from 60 to 120 s with high voltage. Frequent1̂ , j 
vary from 1 pulse/s to 50 or 60/s and the ir shape , t 
width can d iffe r  greatly. Despite the d iversity 0 c 
these parameters, lite ra tu re  suggests that the va i 
majority of ES systems are e ffective  in reducing P;, }
by about ha lf a unit and advancing rigor sufff 
to avoid cold shortening. 1

tti«
While ES removes one obstacle to rapid chilling»  
d if f ic u lty  of removing heat quickly from the deep 
parts of the carcass is s t i l l  a lim iting factor, ¡t 
However, i f  meat is removed from the carcass why 
is s t i l l  hot, and cooled in vacuum packs, chill**19 
time can be halved and refrigeration  costs 
considerably reduced (Taylor et a l .,  1980-1). jt 
Providing the meat is packed at tins early stage- 
can be ch illed  to final temperature without furtn 
evaporative weight loss.

njp!
By reducing the carcass to smaller pieces, hot r 
(HB) may be regarded as a method of achieving be 
control over ch illin g  rate , and once lim itations 
carcass size and shape are removed, hot boned 
can be ch illed  by e ff ic ie n t cooling systems nor^ 
used for smaller products. Blast cooling tunnel» | 6
with variable belt speeds are already in commerc1 t
use for continuous ch illin g  of products, and are b
capable of cooling 8 cm thick pieces of meat fn° . j i c 
40°C to 2’C in less than 8 h. A lte rn a tive ly , 5-7s f 
using immersion, spray or plate cooling used f®r t 
other food products, could be employed equally c
e ffe c tive ly  with hot boned meat. t

There is no doubt that the opportunity exists f ° 
dramatic improvement in the e ffic iency of 
post-slaughter ch illin g  of meat, but although t*1  ̂
advantages of a combined ES and HB system for b®® 
have been c le a rly  demonstrated by meat scientist y 
throughout the world, uptake of th is new techno*®'}! E 
is s t i l l  lim ited. Nevertheless, the potential ¡f ** 
judged by noting the cases where commercial-sea* 
operations are being used now.

A ^Hot boning is frequently practised with pigs an" 
to provide raw material for processing, as in *
accelerated sausage manufacture, but examples 0 -g c 
boning carried out on a commercial scale to pn0® ■ 
quality whole meat jo in ts are less common. . ¡/' 
Factory-scale hot boning to produce th is  type 0 ¡t 
has been successfully practised for several yea' r̂ /> 
locations in UK, Denmark, Sweden, Finland and N° n() (
and no doubt in other countries of which I have 
experience.

The commercial advantages of HB can be best it j 
demonstrated by the experience of a major compa^ ,0 
South Africa which has made a serious commitmen 
hot boning of beef and is in an ideal position 
maximise the benefits. The company has its  own ;ts 
feedlot, transport, abatto ir and boning hall ^  
own wholesale d istribution  chain to company-own y ( 
butchery outlets in super- and hypermarkets. 1 
have found hot boning so successful in the ir ,ng 
situation that they have expanded th e ir hot bon 
rooms to handle 300 beef carcasses per day in a 
single sh ift . All carcasses are e le c tr ic a lly  w 
stimulated, using a 2-stage process. Immédiat®, gfl) 
afte r bleeding, 32 v are applied for 60 s and % ,je<
12 minutes la te r , a high voltage of 500 v is apP ^  
for 120 s. All carcasses are pH tested at 45 «* 0f 
post-slaughter and only those with pH <5.8 (S0* 
the to ta l)  are selected for hot boning.

The hot carcasses spend a maximum of 1 h in ttie13r 
boning room, with s t r ic t  attention paid to re9°
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stern ■
The ’ ’Sing of knives, tables and other equipment, 
in ŝ arcass is cut to primals which are vacuum packed 
ŝ ci<l' lnlt ba9s and Placed on well-ventilated crates, 
tiitl ^  on tro lle y s . Conventional carcass ch ille rs  

converted to smaller, more e ff ic ie n t primal
'«Vo k k >enOoi (| t . _ _______________r ....... .
th6s ch ille rs  and the tro lle ys  of meat are put into 
Cr«to bi 9 h sPeed ain at 2°C directed through the 
« c0 s for 48 hours. The meat is then transferred to 
tiOiiPj^Htional holding store at 0°C for a further 24 

oefore d istribution  to re ta il stores.

?Pei ®ain

“ ir*S ir

§

advantages experienced with th is HB 
are:

( 4 )

5 )
(6 )

( ? )

1«)

uction in drip loss from both forequarter and 
nindquarter primals. 
etter colour of lean and fa t. 
vaporative weight loss during ch illin g  reduced 
y 1.8% compared with conventionally cooled 
ârcasses.
]eld of primal jo in ts increased by 0.5%.

J e|d at re ta il level increased by 0.5%.
.“ 's  preferred by butchers and productivity has 
ncreased by 20% compared with cold boning, 

considerable savings in energy costs.$avlrig in capital expenditure by converting
conventional carcass ch ill rooms to provide 
ma lle r , e ff ic ie n t ch ille rs  for primal jo in ts .

"avo
««ri-i concentrated on hot boning carried out at the 

ikŜ .opportunity, but there are endless other

ha

fron There is growing evidence, p a rticu la r ly  
ll'«riy , ° unTries exporting into the Community, that 
c«r(;asDat't0i rs are introducing procedures where 
'•o pr is cooling is interrupted to allow early boning 
iPpr0arnâ s . before fina l cooling is resumed. This 
S t  to accelerated post-slaughter handling of 
't$ ay prove to be the forerunner of hot boning in 

himate form.
FpECT 0f ES AND COOLING RATE ON TOUGHNESS
^Ct

S c a ^ l^  stimulation w ill continue to be a sensible 
'ts Vai n ™ any accelerated ch illin g  process, but 
0f cm-Ue t0 the industry is not lim ited to avoidance
ratr d ^

es for what might be termed 'ea rly  
e. before the carcass has been completely

toughening. I f  used with slower cooling 
S is claimed to promote ea r lie r  tenderisati 

In a general review on ES, Marsh (1985)SW  a J ---- ------  ----, ----- V--- ,
at i t  has three e ffects (a) avoidance of 

j’SrUDf0rteni n9 ( b) tenderisation, and (c ) mechanical 
X a10n ° t  muscle fib res. Their re la tive  
K^Od Ce depends on cooling rate, and for (c ), theof stimulation. I t  is generally accepted
N b ^ .c o o lin g  nates where cold-shortening is a 
c 9hne correctly applied ES w ill avoid

Ss> The tenderising effect in the absence of 
^ C ^ h e n in g  or cold-shortening is not so c learly  

' indeed, Marsh (1986) revised his e a r lie r  
a  ̂ tw^ attributed improved tenderness with ES to 
j <1 ffi 0 ° t  the e ffects : avoidance of cold-toughening 
û Ceierre disruption. He further claimed that 
T Cp,, ? t i °n  of pH fa ll per se retards tenderisation. 
Jl9h 0r, , ed that, where cooling is rapid, either 
Jl9h v , 0w voltage ES prevents toughening, but only 

-!ta9e ES w ill cause further tenderisation by 
9lS- -> t e: 1SruPtion. With slow cooling, where cold 

j<>dpc ln9 is not a r isk , only high voltage ES 
t ceiSrs additional tenderness. Low voltages only 
N e ^ ate PH f a l l ,  which suppresses normal

b 'l>*r besation and can actua lly  toughen meat. It  
noted however, that the stimulation

till ^ ers used in these studies were very d ifferent 
y" Pert° Se commonly used in Europe and Australasia. 
^Haoe1Cû ar, the 2Hz pulse frequency of the low 
J siw  ,system which did not give any fibre  "Pst _cion

Con«ni
is very much lower than the 14.3 Hz of 

ierc ia l low voltage units employed in many

countries to promote tenderisation.

We have carried out experiments under industrial 
conditions to evaluate the extent to which the 
tenderness of some of the muscles in beef carcasses 
are improved a fte r low voltage ES and either quick or 
slow cooling. Eight beef carcasses (ES) were 
stimulated for 50 s immediately a fter bleeding, with 
a peak voltage of 90 v at 14.3 Hz, in a routine 
abattoir procedure. After dressing, 4 of the 
carcasses were cooled in a room with a ir  at 1°C and
0.2 m/s (quick). The other 4 carcasses were placed 
in a room with a ir  at 10°C and 0.2 m/s until 10 h 
post-slaughter (slow ), at which time room temperature 
was dropped to 1°C and remained there until cooling 
had been completed. A further 8 carcasses were used 
as non-stimulated (NES) controls and subjected to the 
same cooling treatments, 4 quick and 4 slow. Mean 
cooling rates and pH values in the longissimus dorsi 
muscle are indicated in Table 3.

Tab!e 3 . Time, temperature, pH and evaporative 
weight loss data for quickly and slowly cooled ES and 
NES beef sides

quick slow

Time (h) for LD to 15°C
h ii h h ii 1 o0 c
Il II II II II y OÇ

7.0 10.2
9.7 15.0

12.0 18.5

pH (1 h) in LD, ES 
" ” NES

5.96
6.65

pH (48 h) in LD, ES 
11 “ NES

5.60 5.64
5.67 5.61

Weight loss (%) during
cooling (48 h) 1.75 2.06

At 48 h post-slaughter M, longissimus dorsi (LD),
M. semimembranosus (Sm) M. pectorali s profundus (PP) 
and M, triceps brachi i (TB) were removed and each 
divided into 3 portions. These were ind iv idually  
vacuum packed and stored at 1°C until assessment. At 
3, 7 and 10 days post-slaughter a sample of each 
muscle and each cooling/ES treatment was cooked, 
cooled and texture (shear force) measurement made 
across the fibres of ten blocks of muscle each 2 x 1  
x 1 cm.

Quick cooling reduced the temperature of the whole of 
the LD and a considerable proportion of the other 3 
muscles below 10°C within 10 h of slaughter, 
conditions which would be expected to cause a certain  
amount of cold-toughening. By contrast, the delay 
period at 10°C in the slow cooling treatment meant 
that no part of the carcass was below 10°C within 10 
h. The centre of the LD, in fac t, took 15 h to reach 
10°C, slowly enough to have avoided the po ss ib ility  
of cold-toughening. The pH values at 1 h 
post-slaughter demonstrate the effectiveness of the 
low voltage ES system, with a reduction of more than 
half a pH unit.

Mean toughness values in Table 4 show that with th is  
moderately quick cooling, ES gave lower shear force 
values in the LD and TB samples. The improvement in 
tenderness was less pronounced in the PP and absent 
or reversed, in the Sm. ES also improved tenderness 
in the LD, a fter slow cooling. The other muscles 
showed very l i t t l e  effect from ES, and no pronounced 
toughening. This was in contrast to the results of 
Marsh (1986) where the slowly cooled LD in particu lar 
was toughened by low voltage ES. Our t r ia ls  
demonstrate that there is a commercial advantage from 
ES with slow cooling, and certa in ly  improved 
tenderness in the lo in .
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Table 4 . Mean toughness values (kg shear force) of 
quickly and slowly cooled ES and NES beef muscles 
assessed after cooking at 3, 7 and 10 days 
post-slaughter

Shear force (kgf)

Muscle LD TB Sm PP

ES NES ES NES ES NES ES NES

3 days
quick 7.7 10.7 6.0 7.1 9.5 7.8 8.8 9.3
slow 7.8 9.0 7.0 7.3 8.4 8.3 7.2 7.4

7 days
quick 6.9 9.0 5.5 6.2 7.5 7.4 7.0 6.8
slow 5.9 6.7 6.4 6.3 7.6 6.7 6.5 6.9

10 days
quick 6.1 7.5 4.9 6.0 6.4 5.8 6.7 7.2
slow 6.2 6.1 5.9 5.9 7.1 6.8 7.0 6.2

The small size of lamb carcasses offers greater 
opportunity for rapid c h illin g , but also makes them 
particu la r ly  vunerable to cold toughening. ES was 
developed to counteract toughening of lamb frozen too 
early a fte r slaughter, but surprising ly l i t t l e  
attention has been paid to the advantages of 
stimulating lamb carcasses before c h illin g .
The effect of ES on the tenderness of lamb carcasses 
cooled at d ifferent rates has been examined in a 
series of experiments at B r is to l.  Forty carcasses 
(approx 18 kg) were stimulated, 15 m a fte r slaughter, 
for 90 s, with a peak voltage of 700 v at 25 Hz.
Forty sim ilar carcasses were used as non-stimulated 
controls. Equal numbers of ES and NES carcasses were 
subjected to 3 d ifferent cooling treatments.
(a) Quick: Air at +1“ C and 0.2 m/s
(b) Medium: A ir at 3° to 4“C and 0.2 m/s, gradually 

decreasing over 20 hr to 2° to 3°C
(c ) Slow: A ir at 10°C and 0.2 m/s until 10 h 

post-slaughter, then gradually decreasing over 
further 10 h to +1°C

The quick cooling procedure represented conditions 
found in ch ille rs  typ ic a lly  used in the UK, loaded 
and operated according to refrigeration  design 
specifications. The medium cooling procedure is  
common in practice with quick c h il le rs  overloaded 
beyond in i t ia l  refrigeration  capab ility . The slow 
cooling procedure is  widely used in the UK to avoid 
the po ss ib ility  of cold-shortening.

Tabl e 5 . Time, temperature and pH data for ES and 
NES 1amb carcasses ch illed  at quick, medium and slow 
rates

quick med i urn slow

Time (h) for 15°C 3.5 4.0 6.5
II h lO’ C 4.5 5.5 12.0
" h 7 *C 5.9 7.5 15.5

pH (30 m) in LD, ES 6.22 (1 h) 6.49 6.38
" h NES 6.96 7.00 6.95

pH (48 h) in LD, ES 5.49 5.76 5.76
II h NES 5.65 5.73 5.73

The cooling rates of the 3 systems are shown id WHi'
5. With both quick and medium c h illin g , the centtr*
of the LD cooled very quickly, reaching 10°C wit 
5.5 hours. This would be expected to cause exces^, 
toughness in the lo in . Even the slow rate p r o d u c*» -x n -i A f nmnArsf unn r+ r\ n nn 10*0 i n 1 U 1 Lrapid temperature drop, reaching 10°C in only 12
illu s tra tin g  the potential danger with small cj 
carcasses. The low pH values within an hour of t 
demonstrate the effectiveness of the high volta9e 
system.

At 48 h post-slaughter, the loins from each car^ 5jt 
were removed, ind iv idua lly  vacuum packed and he' 
1°C until assessment. At 3, 7 4 10 days 
post-slaughter, one loin from each carcass was  ̂
cooked, cooled and shear force measurements made 

blocks from each ID sample, each 2 x 1  x 1 c*'10
rW,

The mean shear force values shown in Table 6 d® 
demonstrate the benefit of ES with quick coo lin9 eji 
days, and even at 10 days post-slaughter. The
values were re la t ive ly  low at 3 days with both 
and slow cooling whether

Table 6. Mean toughness values (kg shear forceJ10li 
ES and NES lamb LD cooled at quick, medium and 
rates, assessed a fte r cooking at 3 d and 10 d 
post-slaughter

Shear force

3 days

10 days

quick med i urn
s10*

ES 5.4 5.3 *•15-
NES 7.7 5.2

ES 4.2 3.3 V
NES 5.9 3.5

stimulated or not. After a further week's age’ 
values were lower s t i l l ,  indicating very tend®^/

l0 ’c
/

The comparatively tender NES samples'from the 
cooling treatment, where the LD was down to 1 
5.5 h from slaughter, is  d i f f ic u l t  to explain> 
especia lly since, with quick cooling where tlieverj',' 
at 10*C only 1 hour e a r lie r ,  the samples were ^  
much tougher. This unexpected result with the |,s 
cooling rate where the temperature/time cond1 ŝ0 be 
were expected to cause cold-shortening, has a 
reported by Shorthose et aj_. (1986) who found
toughness in lamb, except from extremely rap’ - rpi 
ch il lin g , was lessened to give acceptable ten" i
afte r about 3 days from slaughter. He concld 
that, under the normal ch illin g  and marketing ry  
conditions in Australia , ES might not be nece . 
ensure lamb of acceptable quality . We did g® 1 
toughness with even moderately quick chi 11 in=i jgf1, 
had a tenderising e ffe c t. There was also a s jp 
tenderising effect with ES and slow chilling- t8r v 
experiments, quick cooling also gave much gr S; 
v a r ia b ility  in shear values within muscles, ".¿¡jiff 
extremely tough samples. ES reduced the inc 
these extreme values and this is important * ts 
consumer eating qu ality . Our experience sug9 
that the principal advantage of ES with lamb 
carcasses may be in allowing quick chilling»  
p articu la r ly  in the in i t ia l  stages, without 
toughening, not only ensuring tender meat, 
providing the basis for reduced throughput * 
weight loss.

ini'.i (i
1)
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'—3̂ J.g and presentat.i
ih§ n
a'str?Lent â  ̂ for improving e ffic iency in the 
*l«lUr ut1on and re ta ilin g  of fresh meat has been 
9r0Wineco9n‘’sed by the industry. In the UK, the 

9 dominance of supermarket and self-service
S H , 1 n Q h#) C 1 W  ̂rt 1 nr nna r i  n/i /inm^nWr am +

on of fresh meat

n9 has led to increasing demands on meat
s611 w6rs t0 supply re ta il packs of meat, ready to 
'ajor lthout any further in-store preparation. The 
°f f^PSHnarket companies now display a proportion
itt P̂ ’ r fresh meat[acti in packaging which keeps i t
"eat p ve and saleable for nearly a week. Several 
k,i|oi6Pr° clucing companies now have factories where the 

fli ° Peration is integrated from slaughter through 
*eat, ^butlon of long-life re ta il packs of fresh 
Willi ° ne factory is already producing ha lf a 

5nsionaClCS eaCh week’ and ’ s Planning further

11Hit,,
Cehtpd?0rnParat iv e ly  recently, the growth of 
^ tri t 6d Pre-packing of ch illed  meat was 
‘Schni ed by the meat's poor colour s ta b il it y ,  but 
SVaQBUes are now available to prolong the useful
Or *. and fH en l au l i f e  r\f f  rn r h m/-» a +• kaunn/1 ♦- Wv <-»and display l i f e  of fresh meat beyond the one 

'lays afforded by simple overwrapping on trays.

doa which has received most widespread 
5'oxiaance, uses mixtures of oxygen and carbon 
about to maintain  an a ttrac tive  red colour for 

Week and keep microbiological growth to an 
Mlable leve l.

, s fi-13 use of 0o/C0- mixtures for th is purpose 
?bd wasst reported in tne early 1970's (Brody, 1970) 
5?0) w.^be subject of a patent (Georgala 4 Davidson, 
r̂eSe mich e ffe c tive ly  la id  down the guidelines for 
A t, ' day modified atmosphere packing (MAP) of 
Sg$n 6at< Since then, various studies have used 
o 9ht COncentrations of approx 75% to enhance the 
:1'7by01r'eb colour of the oxygenated muscle pigment, 
millb.91obin, and around 25% carbon dioxide to 
<0phail tlle Srowth of the microorganisms which are 

J  responsible for the spoilage of ch illed  
"?3) (Tay lo r, 1971), (Taylor 4 MacDougall, 
n )' fP.a rk 4 Lentz, 1973), (Ordonez 4 Ledward,
®'k-’ 'biedeman et a l, 1979), (Partmann, 1980),_____ - . . .

al_, 197577 (Saveli et al_, 1981).
^c]e ®ctiveness of th is type of packing depends on
\  6f

_______________ . . . . . . .  r - ............... ,  - r .

1-'v'iront'ype and post-slaughter age as well as on 
. 'W ^ n t a l  factors such as display temperature and 
A ,  "ation. We have carried out factory andSf'Horv ■ - -
;> v !* a

'y t r ia ls  to evaluate the quality changes in 
Pork subjected to simulated re ta il display

a week at 1*C,p S 0 " and rump, aged in vacuum for 
vViqe jo in , 1 day post-slaughter, *

'0. .7- ces which were packed with a mixture of
)tjvia. ’ ' 01n, 1 day post-slaughter, were used to 

6 slices w 
+ 25% CO->Pl| r « %  CO- in sealed re ta il containers.
were heTd in dark storage at 1*C for 

ill 1̂ atert Periods up to 2 weeks before a 3 day
display at 4°C and 1000 lux fluorescent 

A l^ s  tl0n‘ At the end of th is  display period, the 
be- w®re assessed alongside control samples which 

Al^s a^  the time lp the dark at +1°c* 
r îdencWere assessed for colour, microbiology and 
A in 6de of off-odours. Oxygen concentration 
1 dr-d above 50% throughout the period and CO- did 

p below 20%. c

SS ? N e s'6S in redness of displayed and dark stored 
are shown in Fig 1.

days in MAP

Fig. 1 Changes in redness of MAP meat, expressed as 
Saturation (S ).  (a ) dark-stored (b) displayed

Redness increases with Saturation (S) value. In 
beef, S values above 18 may be regarded as red; below 
18 the meat is noticeably brown. A ll the samples 
lost redness during storage, with the rate of 
deterioration s lig h tly  faster for those which had 
been displayed. Nevertheless, beef loin did not 
become noticeably brown until 12 days a fte r packing; 
beef rump reached th is stage in only 8 days; pork 
samples were s t i l l  acceptable up to 8-12 days. 
Displayed samples usually had higher total bacterial 
counts than dark stored, but patterns of growth were 
sim ilar. There was evidence that the spoilage of 
beef rump was caused by la c t ic  acid bacteria. With 
beef lo in , la c t ic  acid bacteria were dominant, but 
there was also a rapid growth of Brochottrix 
thermosphacta which almost certa in ly  contributed to 
off-odour development. With pork samples, counts of 
B. thermosphacta were almost as high as la c t ic  acid 
bacteria, and were again probably responsible for 
off-odour development. In general, MAP beef and pork 
samples were showing strong off-odour development
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after about 8-12 days in the pack. References

The amount of drip in the packs varied considerably, 
but up to 8 d, which covered the normal re ta ilin g  
period, i t  was not excessive. There was no 
consistent difference between dark-stored and 
displayed samples.

Under the simulated commercial conditions for 
re ta ilin g  MAP meat, there was no d if f ic u lty  in 
achieving 5 or 6 days' a ttrac tive  colour with 
acceptable microbiological condition. Beyond th is , 
useful re ta ilin g  l i f e  was lim ited not by poor 
appearance but by increasing off-odours.

Further developments in centralised packing of re ta il 
cuts are lik e ly  to concentrate on either less 
expensive systems achieving sim ilar shelf l i f e ,  or 
systems which offer even longer l i f e .  One such 
system is vacuum skin packing (VSP) meat in gas 
barrier p las tic  film . We have carried out a t r ia l  
using meat, stored and displayed under conditions 
sim ilar to those in the t r ia l  with the MAP system, 
except that the beef samples were aged from 48 h 
post-slaughter in the fina l re ta il vacuum pack. 
Although the two systems have a common commercial 
objective, to prolong re ta il display l i f e ,  the 
methods of achieving i t  are quite d iffe ren t. VSP is  
an anaerobic packing system and therefore cannot 
present meat in the bright red state which requires 
the presence of oxygen. In th is t r i a l ,  the deep 
purple, reduced myoglobin colour of VSP samples was 
however, constant over the whole 4 week period. The 
samples also retained throughout th is period, the 
a b i l it y  to develop an oxygenated red colour i f  
exposed to a ir ,  although th is  redness was never as 
bright as MAP meat in enriched oxygen.

The microbiology of the VSP meat was sim ilar to that 
normally found with vacuum packed primal jo in ts .
Total viable counts tended to be higher at an e a r lie r  
stage in VSP beef samples, probably because of the 7 
days' ageing in the pack, compared to the MAP meat 
which was aged for 7 days before cutting and final 
packing. Off-odours in VSP tended to be the sour or 
fru ity  odours generally found with vacuum packing.
The odour of beef samples was judged s t i l l  acceptable 
for up to 3 weeks but the lim it was reached ea r lie r  
with pork. As well as giving longer saleable l i f e  
than MAP, without major changes in odour or 
appearance, VSP has another important advantage. 
Tenderness improves in the pack, so that meat can be 
put in the re ta il pack at an early stage after 
slaughter, and its  eating quality w ill improve during 
distribu tion  and display. This proposition could be 
a ttra c tive  to cutting and packing plants in terms of 
cost-saving and convenience. By contrast, beef for 
MAP is  lik e ly  to require ageing, e ither on the 
carcass or as vacuum packed primal jo in ts , for at 
least a week before retail-packing. The major 
drawback which must be overcome, however, i f  VSP is  
to be a viable a lte rnative  to MAP, is that of colour. 
I f  the consumer refuses to accept meat which is not 
bright red, the advantages of VSP for centralised  
distribu tion  of fresh meat w ill be worthless.

In th is  paper, I have discussed only a few of the 
areas of post-slaughter handling and d istribution  of 
meat where there is potential for improvement. The 
techniques for such improvement have been developed 
and are availab le  to industry. Increasing 
competition from other foods has made the meat 
industry more aware than ever before of the need to 
reduce operating costs and to make meat more 
a ttra c tive  to the consumer. I t  is , at th is  time 
therefore, p a rticu la r ly  receptive to new technologies 
and, i f  they are economically worthwhile, prepared to 
introduce them.
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