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( Meat : .
had to be chilled after slaughter to prevent the growth of micro-organisms both in the meat and on the

SUrf
e the meat. To achieve a better shelf life the prevention of the growth on the surface is the most

r
.tant Measure. Quick chilling methods give better results than procedure
N the European Common Market (EEC) the transport of meat, intended for export to other member countries,

Wi s with a moderate chilling rate.
ith

S only .- ; )
Y allowed if the internal temperature of the meat is + 7 °C or lower. There are no EEC regulation with

e
Stszj:: :O the rate of chilling after slaughter. | -
Maughte N The Netherlands (MOERMAN, 1983 and 1986) had shown that quick chilling of pig carcaSSés after
| ¥9ieng T, combined with transport before the internal temperature has reached + 7 °C, resulted in meat of good
anspoc Quality. This quality was comparable with that of meat of carcasses, slaughtered at the saée day and
l%intairted the next day after complete chilling. A condition for this result was that the cold chain was
t "ed during the whole process, including loading, transport and unloading. This means that the surface
th:a;ure of the meat was kept low continuously. TO obtain this result it is éecessary tha? m?St of the heat
% refrét Carcass was already removed before loading into the refrigerated vehicles. The chilling capacity of
'9erated van had to be large enough to remove the remaining heat flow from the carcasses.

thiyy O these results it is allowed in The Netherlands since 1985, for inland transport only, to carry quick
l &d
+
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C . . . » . .
to, In the requlations based on the Meat Inspection Law detailed requirements are specified with respect

Base

Pig carcasses from slaughterhouses to meat cutting plants before the internal temperature has reached

-5
chilys
hllllnq procedure at the slaughterhouse: at least 70 % of the heat had to be removed before transport;

3 : :Si;%f%cations of the refer vans, to guarantee an uninterrupted cold chain;
f : ChiliFlons of the loading and unloading areas; |
‘If all ¢, Ing capacity of the storage rooms in the cutting plants.
The experése requirements are fulfilled the Meat Inspection Service can give a license for this transport.
LT 1e€nce with these transports and the experiments carried out with respect to these transports are

1
Oneqg in this paper.

:*PERIE‘KHES
lnce
the
Teg TS Dutch regulation, mentioned above, got into force more than 30 slaughterhouses has been checked with
{5 ; t
“ing © the required chilling capacity. Most of them fulfil these requirements and are licensed for this

r L
ansports. For this reason a calculation method was developed, based on the finite elements method,
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for calculation heat transfer in pig carcasses during the chilling process (VERWOERD, 1984). In this way it ¥

possible to calculate temperature profiles in the meat and the enthalpy of the carcasses at any moment of the ‘
chilling process.

A typical example of these calculations is given in figure 1. In this case a number of pig carcasses (averag®
weight: 80 kg) was loaded in a chilling room and chilled within 20 hours untill a deep leg temperature of
+ 7 °C was reached. The required chilling capacity and the temperature of the meat were calculated. These data
are comparedWigth measurements in the slaughterhouse. If the measurements are in accordance with the calculat
data the slaughterhouse fulfil the requirements and can be licensed.

In the example, shown in figure 1, 70 % of the heat to be extracted was removed in 6 hours. In practice many ()
slaughterhouses use chilling tunnels and temperatures below 0 °C. The chilling capacity in these tunnels i8

e ) an
much larger than in the example of figure 1. The chilling process in these slaughterhouses goes much faster

; d.
70 % removal was reached within 4 hours. In figure 2a the rate of chilling in 10 slaughterhouses 1s pfesente

For comparison also the data of figure 1 are shown, coded with R (reference). The rate of chilling (heat o
n a

p 1e9
e
o

re if

extraction) depends mainly on the chilling capacity of the slaughterhouse and the heat transmission betwee€
and surface of the meat. Chilling rates between slaughterhouses vary considerably. The decrease of the dee€
temperature on the other hand depends mainly on the heat conduction in the meat, which is proportional to
temperature differences between surface and centre. As is shown in figure 2b the decline of the temperaty
different slaughterhouses forms a narrow band, the variation is relatively small.

: ‘ . : raté
If already 70 % of the heat is removed, transport of the carcasses will have only a minor influence on the

)
of decrease of the deep leg temperature. In the last phase of the chilling process (70 to 100 % heat femoval

the equilibration of temperature differences in the meat is the limiting factor and not the heat transfer %
the surface of the meat.

However it is very important that the surface temperature of the meat will be kept low to prevent a tempefaﬂﬂq.
increase and the growth of micro-organisms on the surface of the meat. So it is essential that the Chilling
capacity of the refer van is large enough to ensure an air temperature of 5 °C or lower during the traﬂsPorb

Loading and unloading shall take place in a shielded area to prevent the rise of temperature.

EXPERIMENTS

A number of measurements was carried out in a slaughterhouse to verify the calculations. Special attentio?
given to the temperature profiles in the meat and the possibility to maintain a low surface temperature dudng
handling and transport.

The following data were measured:

- The deep leg temperature in the centre of the ham. Measurements were carried out during 9 hours.

- The temperature 4 cm under the surface of the ham (rind side). This site reflects very well the rate of

chilling, but is not sensitive to short variations of the ambient temperature.

The surface temperature, measured at the inner side of the rind (about 3 to 5 mm under the surface). Thi$
temperature was not measured in the tunnel. »
- Air temperature, not measured in the tunnel.

From the calculations the following data are shown:

- Deep leg temperature in the ham.

- Temperature 4 cm under the surface of the ham.

It appeared that it is possible to maintain a low temperature during the transport. However loading and i5
unloading caused a short rise of the ambient temperature. As long as the carcass was not fully chilled enere

a temperature difference between air and surface of the meat. This is inevitable since this temperature t&|
difference is the driving force for the chilling of the meat. The agreement between the measured and Calcula :
meat temperatures is reasonable. It is likely that the real temperature in the chilling tunnel was lOWefthNL
the temperature chosen for the calculations. The deep leg temperatures will reach the 7 °C level about 14 e

after slaughtering. This is much earlier than in the reference process, mentioned in figure 1.

MONITORING AND INSPECTION METHODS 1ed
It has been shown that good results can been obtained with the transport of pig carcasses before the de€P
temperature has reached + 7 °C. If carried our properly no adverse effects with respect to the hygieniC

condition were observed. These results can only been obtained if the cold chain remains uninterrupted fro®
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aughteflng to deboning (including handling and transport) and the total length of the chilling time, until

+ 7 o~ e
) C is reached in the centre, stays within certain limits (preferable not longer than 20 hours). Therefore

two P
1 conditions had to be fulfilled:
e large amount of heat had to be removed in the slaughterhouse before loading into the refer van. In The

>

. zztéerlands at least 70 % is necessary. .

" "MIing handling, loading, transport, unloading and storage a low ambient temperature (5 °C or lower) is
neCeSsary to guarantee continuous chilling until a centre temperature of 7 °C has been reached. This means
Special requirements for the refer van and the area where the carcasses are handled.

(b The Second condition can easely been monitored by temperature measurements of the air circulating round the

Neat
* A temperature recorder or simular devices may be very helpful.

and Ho A =
Vever the first condition can not been verified without special calculations based on the chilling conditions

. ip ; g
the slaughterhouse. If reliable data are not available, verification had to be carried out in an other way.

aif therefore the following method is proposed.
gl During the chilli : i fully dependent on the time/temperature
o higg illing process temperature profiles and gradients afe ully depe
in“IMﬁ Ory of the meat. Quick chilling processes cause a steep gradient of the temperature. A slow process a
I%a::ate gradient. The latter is also the case if a quick chilling process 1S noF carried out préperly. This
ate e, Fhat measurement of the temperature profile or gradient can be'helpful- This can been carried out by
Carcarlng the temperature of the meat at two well defined sites at different de?th under the surface of the
SS. These measurements can show if the quick chilling process had ben carried out correctly or not.

The : e
data mentioned in figure 2 show that after 5 hours chilling (first in a chilling tunnel, followed by

)

Uﬂq.g::;hir Chilling and equilibration in a chilling room) in all cases more than 70 % of the heat was removed. The
9 temperature at that moment was 26 °C or lower. The temperature at 4 cm under the surface was 19 °C or
Q?ti' This means that the temperature gradient between the centre of the carcass and 4 cm ?eneaté t&e surface

© Meat was in all cases about 7 K (7 °C). These two measurements guarantee that the quick chilling process

d g ;
been carried out correctly. If the quick chilling process was interrupted or had been carried out at a

i :
& Sher temperature than required, the 26 °C-level will been reached at a later moment. At that time more
QU1libration had taken place and the temperature at a distance of 4 cm under the surface will be higher than

as on
» and the gradient will be less than 7 K.
Ve ‘an bee seen in figure 2 the temperature difference between centre and 4 cm under the surface of the meat
Cr

fased from g x after 4 hours chilling to 4 K after 8 hours chilling. 1f the chilling time is unknown the

e
ey temperature can be the base for the gradient:
Centre temperature from 29 °C to 26 °C: gradient: 7 K;
centre temperature from 25 °C to 23 °C: gradient: 6 K;
Centre temperature from 22 °C to 20 °C: gradient: 5 K;
Centre temperature from 19 °C to 18 °C: gradient: 4 K;

(.Cuwnlslous

Tran, L
be SPort of meat after slaughtering can been done without adverse effect on the hygienic condition of the meat

0 ; ! Sl .
Te the internal temperature has reached 7 °C. However this is only possible if a good chilling process is

Useq e O
Prg aNd the co1q chain is not interrupted during handling and transport. The suitability of the chilling
Ce

ss 2 . . :
SURCSH €an easely checked by measuring the temperature gradient at two well defined sites in the carcass. The

Chaj o .
41N can been monitored by temperature recorders or similar devices.
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Characteristic data during the chilling of pig carcasses in 20 hours to an internal

temperature of +7 °C.
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Measurement of temperature of pig carcasses during chilling transport and storage.
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