' - 1 Developments in the pre-slaughter treatment of slaughter animals

by

Patricia A. Barton-Gade

Danish Meat Research Institute, Maglegaardsvej 2, DK-4000 Roskilde, Denmark

Summary

The subj
Concent,

Tesent «

ect of this review is developments in the pre-slaughter treatment of slaughter animals. The review
ates mainly on pigs but cattle also receive a mention. Definitions of the term "quality" are given and the
State of our knowledge on the effect of pre-slaughter handling on relevant parameters is described. The

Practin. : . : . b g
dCtical utilisation of this knowledge is discussed together with future developments in the field
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:ﬁ:’[;‘:;‘ (ir:y\/ulu;'umtyts drL underway which muz;‘l i’Lf expected LL)‘ l':uiicavlly (‘I?;i‘nqc the pre-slaughter [[‘H;lt»fi\i‘,nf of

are ;:,;,.,”- - 'uL l:-fu,t l{n‘ [;17»75;. H:A:I?xf.[f; are t oming ll.t'l’!f‘,::;illql.y demanding with 1'1}1;;?r>¢:.t to meat quality, iuuturpm

dif L)'[']“”"”"-J to .,.ptnm“;: p.‘uQucuun proce S z,_):J are becoming mere aware of variations caused .Lvy I.ch;i( quality

7“‘“ ‘Hi_t’:;‘ and THMH_T, on-line systems are being developed for the measurement of meat quality in factories.
% Gevelopments will ultimately lead to producer payment according to meat quality.
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uction of producer payments for meat quality will be the impetus necessary for improvements in
“taughter handling all the way from the producer up to the stunning itself, improvements that will fulfil
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the Cattle, it is much easier to minimise the DFD-incidence in young bulls (via a controlled transport and lairage)
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ingy, IS the case with PSE- and DFD meat In pigs. Routine measurements of pH will ultimately lead to the

,_i”‘uﬂkl,tun of improvements in the pre-slaughter treatment and thus in the welfare of the animals during this
e, .

Introduction

,nzz SUbject of this review is the pre-slaughter trcatmfﬁ.r_n of ;;laughlter animals and its effect on the qua»lity cf the

& Produced. The present state of our knowledge will be described as well as the developments which can be

reCted in the near future. My talk will concentrate mainly on pigs, as this is my own field of work, but I will

""g‘ltt)k ['"H‘f“n on cattle. For L.hu latter my colleagues Lis Buchter and Torben Himmelstrup are responsible for the
Carried out at the Institute.
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all we must define what we mean by the word "quality". Different consumer groups - and [ use the word in
Exg Ost general sense - may have quite different requirements as re jards quality. The ordinary consumer, for
XA, . p . = : e E . z '

m: Nple, is primarily interested in good sensory characteristics. Appearance must be attractive or the consumer

m" Not buy in the first place. Wide variations in colour over a musc or cut, whether these are due to
the | CliCes in water holding capacity, pH or the chemical state of the pigment present are not acceptable as is

“sence of excessive bru

]'" 'g or blood splashing., Cuts must present a lean appearance and excessive amounts
tonc ot Will be discriminated ar ainst, even when these may actually improve palatability. After cooking all
COng, Y ’ Y Y F F )

s r““"“‘lx require thal the meat should be tasty and tender. Some consumers are beginning to make other
M and irding the meat they buy i.e. that the meat is produced under conditions which they consider to be

¢ 3 : :
Ally ang stheticully acceptable. These consumers, who are willing to pay a premium for such imeat, have
Com, © CONcentrated on the rearing aspects up till now but there is no doubt that pre-slaughter treatment will
' 3 . . . 13
€ undey Increasing scrutiny from this quarter,

t Planis selling carcasses for fresh consumption require meat to have a normal quality, i.e. nat PSE or DFD, to

kin damage and no bruising or blood splashing. The ernphasis which they put on these factors varies
Nay oty and depends mainly on the requirements of their cust
fop” Ot have to consid

omers. If these are uncritical then meat plants
1 er these factors at ally if they are critical then plants may have to reject certain carcasses
Moo aFlicular customers. Retail chains - at least in Western [ urope - are becoming more and more critical of the

1 3 . g
. U“».) buy for fresh consu nption and increasing demands regarding quality must be expected in the future.
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ssers require meat with good processing characteristic
S and poorer appearance in the fini
“Meal lead

for the product concerned. PSE-meat leads to
d product for both bacon and cooked, cured pigmeat products.
3 to a poorer colour formation and shelf-life for bacon products but can be used to advantage in
» Cured products. Processers often have sorters on cutting lines to reject PSE-meat for certain products
AN 1 Nestern G rmany for example, DFD-meat is re jected for certain raw, cured products. Values as low as 5.8
* Used as an indicator of DFD-meat in this situation (Hilse, 1983),

\
1




Apart from these factors the protein content i.e.

importance for the yield in e.g., cooked, cured hams for the US market. The import control uses the %

(protein on fat free basis) in the finishe

failure to keep within the proscribed limits for the category concerned can have dire economic consequence

the factory. The protein content of the raw material does not have to vary very mu

the nitrogen content of the raw material is of extremeé

PFF

d product as a measure of processing yield and product category, an

g for

ch before yields are effecte

Our work has shown that a fall of 0.25% protein is approximately equal to 1% less yield in the finished produ‘?t'

The precentage of intramuscular fat is also of importance for the quality of
indirect influence on protein content,

high levels of intramuscular fat have a detrimental e

appearance of the finished product. Products such as canned hams are expected to be lean and ham slices
extensive marbling will have reduced consumer appeal.

Pre-slaughter treatment does not, of course,

the frequency of PSE- and DFD-meat, skin damage, bruising and blood splashing, and for beef the latter t

are affected as is animal welfare. I will therefore confine my atten

talk.

A great deal of work has been carried out over the years on the effect of transport and handling procedures be
slaughter on meat quality. This has shown clearly that the PSE/DF D-status of a pig wil
between its genotype and the pre-slaughter environment. The effect of any pre-slaughter treatment
dependent on the genetic predisposition of the pigs concerne
different countries will not necessarily give the same results in practice. The different aspects of pre-s

Effect of pre-slaughter treatment on meat quality - pigs

cured products. Apart from !
ffect on the

witl

affect all the quality factors I have mentioned but certainly for pig®

hreéy

tion to these factors for the remainder of ™

foré

| mainly be an interacti?
will P

d, and thus identical experiments carried out IN

lau

treatment must never be.considered separately but as a whole chain of interacting events. Improvements i
sector will not lead to a positive effect on meat quality if other sectors are neglected.

The Danish Meat Research Institute has worked extensively in the field of transport and handling of pigs

ghtef
n on

in the

practical situation and I will use our results to illustrate the important factors influencing meat quality- he
experiments have shown that for all practical purposes only those factors which affect energy reserves i T

muscle at the point of slaughter are important. Nielsen (1981) proposed the following scheme for the relatio

between genotype, energy reserves and meat quality:

Genetic
disposition

Energy content in the
muscles at sticking

Meat quality

PSE

Normal < medium

O pt

high

= normal

> normal

-~

low

high

>DFD

PSE

>
> normal-PSE

———nedium

\ low.

> DFD

nshiP

The scheme is, of course, simplified as pigs do not have genetic disposition for PSE or not - they have a mor? o
less disposition for PSE, but the scheme does point to the factors which must be changed; to get the required

quality.

meat quality can be influenced in the practical situation. Various conditions are important for the energy €

of muscles:

4
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The genotype of any group of pigs is fixed, so that it is only by regulating the energy reserves in muscle® :gni
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LCNERGY SUPPLEMENT W{— FEEDING
ENERGY STORAGE —| MUSCLES + LIVER +
FAT TISSUE
FIGHTING
ENERGY CONSUMPTION }4 TREATMENT
TIME
ENERGY CONTENT }L MUSCLES T‘
AT STICKING

gh the daily feeding pigs are supplied with among other things energy for their growth. and maintenar}ce.
plug energy is stored in the liver, muscles and fat tissue. The longer the time between feeding and collection,
® less is the available energy for withstanding the rigours of transport and lairage.

( Thl"ou

D“”ng transport and lairage the energy consumption of pigs will be dependent on the treatment they receive.
Nergy consumption will be quite different from pig to pig. Some pigs will consume large amounts of energy -
ESDEQia“), if they fight, others will have a low consumption. Pigs genetically pre-disposed to the _PSE—co_ndltJon
Ve a more rapid energy turnover than pigs not so disposed. The duration of the transport and holdu?g period also
if Scts Bnergy consumption, the longer the time, the higher the energy consumption. However, w1.th.very long
ra"‘“‘POI‘t/holding periods pigs will begin to mobilise energy from depots in the fat and liver, thus rebunldmg energy

Tves in muscles again. Weather conditions during transport also have an effect - hot weatner 1eadmg'to a
QDl‘eater PSE -frequency, while extremely cold weather leads to a greater energy consumption, and hence a higher
» ~frequency.

Us'
fee‘gg the above information we would expect that the PSE-fre

: quency of any group of pigs to increase with

|ncr;"9 on the day of slaughter, short transport and lairage times and hot weather, while DFD-frequency will

an ase with no feeding for prolonged periods before slaughter, long transport and lairage times, fighting and/or

Whig COnsiderate treatment and finally very cold weather conditions, This is indeed what we find - see Table s 8
Ulustrates the effects of lairage time and feeding for pigs with a constant transport.

‘ Table 1
f Frequency of PSE and DFD meat in relation to feeding time and holding period
| S
i Subjective evaluation on cutting 1-2 days after slaughter
O
O PH-value in at least one muscle > 6.5 or pH-value in two or three muscles > 6.1 1-2 days after slaughter.
I3
feqg;
°°n§iln-g Holding No. % PSE % DFD
tion period of Gluteus medius and Semispinalis capitis
hours pigs Semimembranosus Longissimus dorsi
and Semimembranosus
Unge A 0 204 7.8 2.9
2 206 5.8 17.0
4 205 29 12.2
24 104 1.9 20.2
Feq 0 175 13.1 3.4
2 174 75 10.3
i 4 177 4.0 6.2
24 81 2.5 7.4

Uogs e
® Nielgen, 1981.




Extensive research into the physiological mechanisms of stress, particularly in relation to the maliqﬂa“t
hyperthermia syndrome shows clearly that the symy athetic nervous system must be involved (Lister 1982)-
However, whether a stressful treatrment, as such, giv a higher PSE-frequency under the conditions narma“Y
prevailing during transport and lairage is a more difficult qu n to answer, Some work seems to show that
severe short-term stress, particularly just before sia r, does increase PSE-incidence in pigs with high trnql‘l)Y
reserves (Klingbiel & Naudé, 1976, Barton-Gade, 1984), while Nielsen's and other work seem to point to the fac
that any increase in stress in animals that have alre ted to many unfamiliar situations will only led
to a greater degree of exhaustion and hence a higher DF D-frequency.
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Even though a more considerate treatment will not always lead to a better meat quality, it must be L‘mphasm‘fd
that such a treatment should always be attem iew. Bruising "]‘“r
other damage will be minimis -slaughter handling of P!%°
must therefore en 1 rease in enerd)
reserves be minimised at all times. Improvements in handling must be ;u;.;um;;:mied by
keep the number of susceptible pigs in the population at a0
acceptable level for the maximum effect to be obtained.

ted, if only from the animal welfare point of vi
at the same tire. Any code of practice for the pr

asise a considerate treatment, which at the same time leads to a certain d
Fighting among-pigs shoul

genetic

preedin

yrovement v

In all this discussion on pre-slaughter treatment I have deliberately not mentioned stunning method OF the
treatment immediately prior to stunning. Automatic systems for getting pigs from the lairage to the point 9
stunning can be very stressful, as a certain amount of force must often be used to ensure a constant stream f’u

igs. The most critical point in the system is at the entrance re the group mu yarate and g.ﬂ
> of tf ughter treatment where the use of an b’ltl"?[r];
wed many di ts and designs but it is probably anr't_S
sonnel will nelp to reduce stress at Hi
ms t0

> race, whe

single file. This is probably the orly paint in the whc
goad is really necessary. Grandin (1980a) has revie
say that the ideal system has not yet be

:n found. Education of 1t
point but will never eliminate it entirely and one of the future challenges must be the development of systé
transport pigs to the point of stunning with a minimum of force being necessary.

Regarding stunning itself there has
al. 1979, Wal 1978) maintain that unning causes instant unconsciousness and must
1

-~ e s P - ~ o 3 cnnest “ P } ar c > - ITC
d to CO»-stunning which first causes a loss O consciousness aboul 20 sec. or so after exposur®

= - H t
been a great deal of debate. Dutch workers (Hoenderken 1978, Hoenderken ee
I

iigh voltage electrical

¥ . S ey v s ¢ s el
)o~g y st that 5 ex| ence pain during this initial period, that they are suffocated and not stun
and for this reason COp2-stunning is no langer in Holland.

s S
Others - mainly Danish medical specialists - have contested these statements. They say that C('J';-(»naeﬁmesl,aof
like anaesthesia with any cther kind of anaesthetic gas. There are thr
excitation and a phase of anaesthesia. On the basis of experienc
exparimental charnber they maintain that pigs do nol scem to expe

phases, a phase of indt
d from the CO9-an:

ensation of |

any

@

xposure to CO7 and that they are not consclous en the phase of excitation
enmark to in igate C stunning in pigs in the light of the D ;
o be published, show that although thi blood concentration of Cf
0% CO2-air mixture, the Op-concentration falls only slightly
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I‘he increase in blood COy is accompanied by a concomitant fall in blood pH (down to 6.8). It is difficult to say
Pether the loss of consciousness is due to the high CO2 concentration or to the pH fall but what is certain is that
988 of consciousness is not due to oxygen deficiency.

Cei‘tainl

Voie y under Danish conditions the use of COjp-stunning has halved the PSE-frequency compared te high

age electrical stunning; it has lowered the frequency of severe blood splashing and fractures, and for this
€ason - and in spite of its higher cost - will remain the preferred method in that country.

Effect of pre-slaughter treatment on meat quality - cattle

T:e €Mmphasis in pre-slaughter treatment of cattle has lain mainly in the prevention of bruising and DF D-meat.

treth defects can be controlled to a great extent by proper handling procedures before slaughter. A Cunsi(jeratc

m‘atment and well-designed equipment will help to minimise bruising considerably as will the separation U\f

Th "ed cattle from others, bulls from cows and sorting by size prior to transport from the farm (Grandin, 1980b).
€ DFD-condition is principally controlled by ensuring that animals are well-fed and rested at slaughter.

" Contrast to pigs it has been difficult to prove a genetic component to DFD-susceptibility. On the other hand
anzre Is a strong sex effect. ThelDF‘D—co,rjdition is es;m;uiglly px‘evulunt in young .Du“s’ is less frequent in hgit’ers
fEas_féleers and only seldom seen in cows (Tarrant, 11981). Feeding cattle after zn-nvul at the slaughter plant is not
Nop € as a method of preventing DFD-meat, as |L‘ takes more than 2-3 days .tor r)ly‘(tugt:n levels to ret‘um to

Mal (MCVClgh, 1982). Thus, the emphasis must lie in reducing energy consumption during transport and lairage.

Dirgey
Ealv“

delj delivered via markets or kept in overnight lairage had more than 3 times the DFD-incidence of calves
ver

anj ed directly and slaughtered on the day of arrival and therefore the industry was advised to transport
Mals directly (Buchter, 1975).

Miy; Y :
thexmg strange cattle is an important factor leading to the DFD-condition in young bulls. Strange cattle should
Tefore - where at all possible - be kept separate from one another during transport and lairage.

Z\spoeré lairage times at the slaughter plant are ancther i(npurtant compgm)nL for reduvkmq DF [)—incider:ge

harldlila“y when dealing with loose cattle. Himmelstrup (1985) recently described recent Danish dcvcluprmmtsvm

lay, hng facilities for slaughter cattle and he recommends_, that sensitive categories such as young bulls should be

d ”Egtf;ied as soon as possible after arrival at the abattoir, and rnoreover that they should be penned separately
rage.

Utilisation of knowledge in practice

slaum the foregeing it can be scen that we have a considerable amount of knowledge regarding the treatment of

So €T animals but is it being utilised by the industry? The answer is - unfortunately - to a limited degree only.

itSelf r:5U1ts have been incorporated into national legislation. In some countries research is carried out by industry

Necgg ’"d thus has the best possible basis for the utilisation of relevant results. However, the co-ordination

Nat p[)ti‘r-y - @ co-ordination which must reach all the way from the producer up till the point of stunning - is often
Ssible, as producers, hauliers and factories are essentially independent of one another.

I

On ducer €conomy is to a large extent independent of meat quality or carcass damage. Payment is at best based
Whe e”ghtep weight and some form of ‘carcass classification. This is true even in countries with co-operatives,
Teqq; 'E’Ctor)’ econumy does have consequences for producers, because the consequences are indirect and not
the pry 3Pparent. Transport is mainly carried out by independent hauliers whose task is to transport animals from
of Oducer to the factory as cheaply as possible and whose vehicles will only fulfil the necessary requirements
durin Al legislation. They receive no premium for a good transport and are even covered by insurance for losses
ANim, Tansport, Finally, abattoirs are often entirely independent of both hauliers and producers and must buy
Yot ¢, : W_hEPE they can get them. Factories making demands on the treatment of the animals they buy may not
mp,, i animals they need. We can say that the whole system is built up in such a way that co-ordinated efforts to
the facetome‘SIaughter treatment will meet with difficulties all the way through the journey from the producer to

Ty,

Qw
treaever’ there are now developments on the scene which in my opinion will revolutionise the pre-slaughter
qualit ®Nt of animals - at any rate for pigs. Firstly, markets are increasingly making demands regarding meat
market’ 3 00d splashing etc. and are willing to pay a premium for meat of guaranteed quality. The Japanese
Meg Lomes to mind as an example here. Secondly, systems are being developed for the on-line measurement of
Droducql.lal“ty in factories - at present mainly in Western turope. Finally, factories are beginning to optimise
q“aljty‘ 9N processes and are becoming more and more aware of the variations caused by differences in meat

2nd
ey : 3 ' e 0 3
Pregq :IOPment of on-line systems is particularly significant and many Western European countries are at
ITPI enm Clively investigating the application of various probes for this purpose. We are also developing equipment
hig ark based on continuous probe measurements using the so-called MQM-meter (Meat Quality Marbling).
Equl 4 F g 13 | $—ly y e b=
PMent, which registers internal reflectance to a depth of about 10 cm, gives a good indication of water
g P g g

hgl A
ding o, A
With Cdpaclty (Barton-Gade & Olsen 1984) and to a certain extent also of marbling.
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ced worker probe measurements can be carried out at the rate of about 200 pigs per hour with 2

r pig and the results are given immediately o a printer and can be stored at the same time on a

he equipment, which at present is only used the day after slaughter is now under extensive testing on
’ F 4 y

delivery from farm to slaughter plant is important. As long ago as the late 1960's Buchter showed that °




Danish factories. It has been found to be highly advantageous in sorting meat quality and optimising production
processes.

Routine measurements of meat quality on factories immediately expose both producer differences and variation®
due to pre-slaughter treatment e.g. lairage times. We have measured wide differences between producers whose
pigs have received essentially the same pre-slaughter treatment, i.e. frcm 2-30% PSE. Danish factories havé
estimated that a PSE-carcass is on average 20% less value to them than a carcass of good meat quality - due W
higher drip, lower yields, canalisation to special productions etc. and they will increasingly focus on pI‘OdUC,er
differences. Other factors, of course, affect the ultimate meat quality of pigs, and the first that will happen will
be that factories will put their own house in order. Lairage times will become standardised as will lairag®
conditions. The factories will make recommendations to producers and hauliers regarding delivery systems at the
farm and transport to the factory - and moreover, they will be willing to pay a premium for the fulfilment ©
these recommendations. When this has occurred - and the knowledge to do this is available, then producers W/
also be paid according to meat quality.

This scenario may seem somewhat farfetched to some and certainly the developments will come in some countrie®
before others. However, I am in no doubt that they are on the way for pigs as well as for cattle. In truth, fUt‘{"e
delivery systems as I have described here will fulfil animal welfare requirements; they will result in a good quality
raw material for factories and will form the best possible basis for consumer satisfaction.
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