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D2. THE STRESS SYNDROME AND MEAT QUALITY

A STANDARDIZED PROCEDURE FOR THE PRE-SLAUGHTER TREATMENT OF PIGS TO
BE TESTED FOR MEAT QUALITY

by
PATRICIA A. BARTON

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

ves the work leading up to a standardized procedure for the pre-
slaughter treatment of pigs to be tested for meat quality. The procedure consists of:
1. moderate feeding but no weighing on the day of slaughter

loading using a hydraulic pig lift

3. transport for approximately 40 minutes in a special lorry equipped with

¥ fo
a non-skid floor, partitions and a mechanical ventilation system

4. driving directly from the lorry to the stunning pen without using an

electric goad or other means of force

5. electrical stunning on the floor

This system is now used for all pigs from Danish progeny testing stations.

EIN STANDARDISIERTES VERFAHREN FUR DIE VORSCHLACHTBEHANDLUNG VON
SCHWEINEN, DIE MIT BEZUG AUF DIE FLEISCHQUALITAT GETESTET WERDEN SOLLEN
von

PATRICIA A. BARTON

Dénisches Forschungsinstitut fur Fleischwirtschaft, Maglegaardsvej 2, DK-4000 Roskilde

Diese Abhandlung beschreibt die Arbeit, die auf ein standardisiertes Verfahren fur die
Vorschlachtbehandlung von Schweinen, die mit Bezug auf die Fleischqualitat getestet
werden sollen, fuhrt.

Das Verfahren ist wie folgt:

1. Massige Futterung, doch kein Wiegen am Schlachttag
2. Lodung mittels einer hydraulischen Schweinehebevorrichtung

3. Tronsport ungefohr 40 Minuten in einem speziellen LKW, mit gleitsicherem
Boden, Scheidewtinden und einer mechanischen Luftungsanlage versehen

4. Treiben direkt von dem LKW zu dem Bettubungsroum ohne Verwendung von
elektrischem Stab oder anderen Gewaltmitteln

5. Elektrische Bettubung am Boden

Dieses System kommt jetzt zur Anwendung fur alle Schweine von ddnischen Brutprobe-
stationen

UN PROCEDE STANDARDISE POUR LE TRAITEMENT, PREALABLEMENT A L'ABATTAGE,

DE PORCS QUI SERONT EXAMINES EN VUE DE LA QUALITE DE VIANDE

par
PATRICIA A. BARTON

L'Institut Danois de Recherches sur la Viende, Maglegaardsvej 2, DK-4000 Roskilde

Cette dissertation décrit le travail concernant un procédé standardisé pour le traitement,
préalablement a |'abattage, de porcs qui seront examinés en vue de la qualité de
viande. Le procédé consiste en:

1. Affouragement modéré, mais aucun pesage au jour d'abattage

2. Chargement par appareil élévatoire hydraulique pour cochons

3. Tronsport pendant 40 minutes a peu pres dans un camion spécial,
muni d'un plancher antiglissant, de parois et d'un sysréme d'aération
automatique

4. Conduisant les cochons du camion directement a I'endroit ov se fait
I'anésthésie en utilisant ni de gourdin électrique ni d'autres moyens de
force

5. Anésthésie électrique & terre.

Ce systeme est utilisé a présent pour tous les porcs des stations expérimentales danoises
pour le contréle de progéniture.

CTAHIAPTHU30BAHHHHE CNOCOB OB HHA 110 YBOA CO CBHHbLSAMH,
MACO KOTOPHX JOJXHO IOABEPTATHCHA OLEHKE KAYECTBA.

MTATPHULIHAA A.BAPTOH
Jarckni#f mccaexoBaTeNbCKHR HHCTHTYT MACHOX NPOMHNIEHHOCTH
Maraeropacee#t 2, JIK - 4000 , Pockuiaxe.

3roT HaydHH# xoxJa)X onucuHBaeT paboTy, KOTOpaA NpHBeNa -K CTaH-
JapTHIANKK crnocofa oOpameHHA CO CBUHBAMH, MACO KOTOPHX XOJXHO
NomBepPraThCcA OUeHKe KavyecrBa. CTaHZapTH3HpPOBaHHoe ofpameHHe

COCTOHT H3:

1. YMepeHHOe KOpDMJeHHe HO 6e3 B3BeNHBAHUSA

B NeHb y6oA

llorpyska ¢ noMomsld THAPaBIHYECKOr0 NOXBEMHHKA

3. TpaHcnopT, NpHOAH3HUTenbHO 40 MHHYT, B cCHeqHANb-
HO O6ODYNOBAHHHX IPy30BHKax ¢ HACTHIOM, KoTopuit
npeloXpaHAeT OT CKOJbXEHHA, C NeperopoiKaMu H
MexaHH4YecKo# BeHTHAANHMOHHOR cHcTemof

4. CpuHe# M3 rpy30BHKA HENOCPEXCTBEHHO NeperoHANT
B NOMEmEeHHe XJA OTAymMeHHA, He NDHMEHAA NPH 3TOM
5NeKTPONOJATrOHATENb HIH JDyrHe MeDH NDHHYyXXeHHA

5. SNeKTPOOTJIymeHHe Ha NOXy

9roT cnocof NPHMEHADT JIAA BCeX CBHHelf H3 XaTCKHX KOHTPOXBHHX
naeMeHHHX CcTaHnu#.
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Introduction
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Pig progeny testing work it is very important that any increase in meatiness is
fot Accompani

d by a poorer meat quality. As pre-slaughter treatment is known to

?1"237?))%8- 'Y,]Co' Qu(lfif‘/ pattern Sr‘o"”‘;n srasprona.pigs .‘Bm"cﬁ, 1971, ?C"-EPE"/
moti." T is essential that any breeding programme containing a meat quality esti-
mm'-on A S pre-slaughter treatment. This poper describes the work
Pf:d1‘"? up to the standardized pre-slaughter treatment Pav,seec s

9€ny testing stations.
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ance), ’ 2 g ) Y
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: Periment 1, Influence of transport time on meat quality
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+ The
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hydraylie
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€ach pig fo prevent biting

ort (Wichmann Jgrg then loaded using a

pigs

pig lift o

floor and 3

a

o
5
1

= far as possible gi ates as well as litter mates were divided
venly d
enly between the 4 co
3t
"ansport times were invesiigate 1/4 hour, 1 hour and 3 hours, correspond to
Th
o f‘ktcemuge of pigs with pale, soft and exudative (PSE) meat in longissimus dorsi
ol ’ICeps femoris decreased with longer transport times, whereas the percentage of
H i N ] e . . . " sl
inf with dark, firm and dry (DFD) meat in the rectus femoris muscle increased with
reasing PR \ 4t
< ”"5”’9 transport (Table 2), These results were further supported by determinations
and © PSE and DFD condition using, respectively, the solubility of the sarcoplasmic
) §e0 & 1 ) : o :
ine. TYofibrillar proteins and liver glycogen levels. Protein solubility increased with

Nereasip,

eve| 9 trensport time (the meat became less exudative), whereas liver glycogen
els fe

11 with increasing transport (Buchter, 1971a).

I:‘”‘i;oc;r mcc‘n quu’f?y.obvuiuud a:'y.cv the shortest 1.'on“s;'7’orv time is undoubtedly due
fysis act that the pigs were excited Dy the many diiferent changes over a short
gt H’xrcrvul. Over the

- Med down
ot been suffi
PHy

ngest tronsport a lorge number of the pigs had apparent

and the gentle unloading and driving to the stunning has apparently

ently demonding to excite them again. However, the results of the

“meqge : 3 » L N r .
"easurements in the rectus femoris muscle show that a number of the pigs were

®ginn; s : 2 -
9'ning to show signs of exhaustion after 3 hours trensport.,

'E."Perimem 2,
I

Influence of treatment on the station, use of halters and transport
® on 4
me

at quality

In fhi :

experiment 185 pigs slaughtered over a 4 week period in October - November

We
,“;;‘ t‘lt‘j- The pfgs received 1/3 of their ration about 1 hour before loading and
the s(;’]‘-'.u not we\g:.:d on the day of slaughter, Tngy were loaded os before
Mengs e lfnrry rjicscn.;cf) m. experiment 1“ Png.s cestined for the 2 centre compart-
Teceived halters in the pen before loading.
ii::‘(:?"‘jﬂll times were use;l‘, 1/4 hour and 3 h:‘,‘r:, s0 that one compartment
Pigs " halters and one with halters were unloaded aofter each tra
9 wer,

e driven as before directly from the lorry to electrical stur

No sianif: it : F
© significant difference in average values was observed for pigs transported

Without halters, Table 3 shows only the average values for

* Table 4, howev + shows the percentage of p

EXperimental gre

T <
U\mc&,
Rt'sum

Tram

Sport time

on average distance of 10, I ond 116 km respectively., Each week 2 of the 3
transport times were investigated and 12 pigs were unloaded at the abattoir after
each transport time.

The pigs were always driven directly from the lorry to elec
floor without using an electric goad or other means of force.

cal stunning on the

Results

The average results are shown in Table 1 and the percentage of pigs with a meat
quality deviating from normal are shown in Table 2.

Table 1.  Average results for meat quality

Results showing significant differences with transport time (=99.0% confidence level)
are fromed.

No. of | Longissimus dorsi Biceps femoris Rectus
Tean Hme - - femoris
ransport time pigs Coicd e TR oHy
colour |

1
1/4 hour l 123 5.41 ; 14.8

| ¥
1 hour r 138 5.40 [ ’14
3 hours 142 5.42 J

Table 2. Percentage of pigs with a meat quality deviating from norma
—— L "V a7ing from normal

imus dorsi [ Biceps femoris I Rectus

femoris

% DFD

|pH2 2

The colour of the cured longissimus dorsi and uncured biceps femoris muscles became
the transport time increased, whereas the pH2=values remained rciurively
T

constant (Table

darker as

scle showed any significant increose

1). Only the recius femoris r

the pH2 wos her after urs transport than after 1/4 or | hour,

Toble 4. Percentage of pigs with a meat quality deviating from normal

. 3 RG Longissimus dorsi j Biceps femoris ’[“‘I:;j:‘
ronspo
Halter of % PSE % DFD % PSE % DFD % DFD
time [pigs (subjective) | pHy 2 5.7 ij 2 16.5 pHZZ 59 P“? =59
without | 45 35.5 0 44,4 0 e
1/4 hour ]
with ‘40 47.8 0 45,7 0 6.5
{ I el SRSSRAN D
Avorcos [91 4.7 [ 0 45.1 0 5.5
[T ——
without | 47 2.) 0 17.0 0 10.6
3 hours |
with (47 8.5 0 21.3 0 8.5
T S e S—
Average [o4 53 | 0 19.2 0 ‘1 9.6
4

As in experiment 1, the colour of the cured longissimus dorsi and uncured biceps
femoris muscles became darker without any large change in pH2, and the pHa in the
rectus femoris muscle increased with longer transport (Table 3),

While the perc
the percentage of pigs with DFD-meat in the rectus femoris muscle did not increase
to the same extent as in experiment 1 (Toble 4), Results of liver glycogen levels

ntage of pigs with PSE-meat decreased with longer transport as before
",

confirmed that even ofter 3 hours transport the pigs in this experiment still had
sufficient liver glycogen to maintain energy reserves in the muscles (Buchter, 1971b),
The moderate feeding the pigs received on the day of slaughter is undoubtedly the
cause of the lower level of exhaustion of the pigs after 3 hours transport,

Although not statistically significant Table 4 shows that with 3 hours transport espe-
cially, the use of halters during transport gave a higher percentage of pigs with
PSE-meat, although it did not appear to affect the number of pigs with DFD-meqt

i scle. In general the Pigs in this experiment had a sJig}nly
y than in experiment 1, which is probably due to the fact that
they were not weighed on the day of slaughter and that only half of them wore
halters during transport.,

in the rectus femoris m

better meat quali

Experiment 3. Influence of driving/stunning on meat quality

In this experiment 275 pigs slaughtered over a 6 week period in January - March
were used. The pigs received 1/3 of their ration about 1 hour before loading and
they were not weighed on the day of sloughter. The pigs were loaded in the same
way onto the same

as in the previous experiments and halters were not used
during transport.

A transport time of 3 hours was used for the first 3 weeks of the experiment. Each

week half the p load were driven directly from the lorry to electrical
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e other half were driven through a pen, race ond

1) or a pen and race to CO2-stunning in a
ther means of force was used for pigs elec-
unned using the other methods all received
re the entrance to the restrainer/COp-tunnel.

restrainer

tunnel (st

trically stur

one shock from

eks of the experiment the transport time was reduced to 2 hours

o
]
=
@
@
2
o

and the pigs stunned in the restrainer/CQOp-tunnel were allowed to stand 5-10 min-

nenced.

Results

The average results are shown in Table 5 and the percentage of pigs with a meat
g g g
Table 6.

quality deviating from norn

Table 5.

Results show

dence level) framed.
| T
‘ | Biceps femoris Rectus
Tpieny BT femoris
! \ pHy I Uncured pHa
| | 5lour

Ho-values and darker colour in pigs transported 3 hours with
or in this experiment compared to pigs with the corre=

nt 2 point to a higher level of exhaustion in this

Ily by lower liver glycogen levels (Buchter, 1972)).

mo=* likely due to the weather conditions during

d from freezing fog at just above 0°C to blizzard condi-
't 2 it was considerably milder, varying from

2 hours were thus comparatively ex-

sponding treatment

experiment 3 (confirm
This higher level 2
tramn:

tions ot -10 in experime
3°C, sunny to 13°C, rain. Even p
’ >

'
hausted on arrival ot the abattoir,

that even ofter a stressful treatment they were
unable to show PSE-meat.
Discussion

These experiments show the overwhelming importance of transport time, i.e., time
i on the meat quality pattern in stress-prone pigs.

from leaving the station to stunn
Over the shortest time

mainly PSE with normal

9s
showing a meat quality deviating from normal were

whereas with increasing tronsport times, i

.
manifest the PSE-condition but instead
oris muscle. That the PSE-condition

increcsi exhaustior

showed DFD-meat, especially in the rectus fe
and DFD-condition are re
(1968)).

lated has been shown previously by among others (Sybesma

even when it is not stress-prone by choosing

pig

hter treatment, so that it is necessary when

ition for poor meat quality to choose a pre-slaughter
g arrives at the stunning penas little exhausted
enerally show PSE-meat and normal

igs will ¢

o

as possib In this way stress-prone

while stress-resistant pigs will show good meat

or low pHz-values ofter slough

quality.

The present work shows that longer transport times, lack of feeding on the day of
4 9 4
| systems to stunning in a restrainer/

and mechanica

slaughter, dri

CO,-

exhaus: n the pig.
Taking as well as the fact that the chosen treatment
must be for all Danish progeny testing stations, the following

pre-slaughter treatment was chosen for pigs to be tested for meat quality:

moderate feedi no weighing on the day of slaughter
¥ ghing Y )
Loading: using a hydrau pig lift

X imately 40 minutes (the minimum time which can be
a lorry equipped as described in these experiments. In cold
ront of the trailer are closed; in warm weather the

weother the

mechanical

he lorry to the stunning pen without using an

Stunning:
Stunning:

3. SCHEPER, J., (1971):

4, SYBESMA, W., (1968) Some rem

Table 6. Percentage of pigs with a meat quality deviating from normal

s e Longissimus dorsi Biceps femoris
Station Stunning of 5 PSE % PSE 5 DFD > D
time : i R 5 > 3 >
ime pigs | (subjective Rga57Z 16.5| pH, 2 5.9 |pH, Z 5.2
e
3 El-floor 40 2:5 0 17.5 0 40.0
El-restrainer| 38 13.2 0 18.4 5.3 55.3
2 hours
El-floor 32 9.4 0 3.1 0 25.0
2
co, 5.9 0 1.8 2.9 4.2 ;
El-floor 32 6.3 0 12.5 3.1 46.9
1
El-restroiner| 33 9.1 0 15.2 0 45.5 ¢
3 hours ):
El-floor 33 3.0 3.0 0 12.1 39.4
2
COz 33 6.1 0 3.0 15.2 66.7 F
. . :
For pigs with 2 hours transport only the pHy in the rectus femoris muscle showed a/ &

significant difference with type of stunning/driving, in that pigs driven through a

pen, race and restrainer/COp-tunnel had a higher pHy compared to pigs driven di~
rectly to electrical stunning on the floor (Table 5). The same effect was also presenf & 1
in pigs transported 3 hours, but in additio:

. the colour of the cured longissimus X
dorsi muscle was darker. In pigs stunned via the COs-tunnel (but not the restrainer)

the pHp in the biceps femoris muscle was higher than in pigs driven directly to elec” :
trical stunning on the floor.

b ¢ . . Py . L !
The percentage of pigs with PSE-meat in the longissimus dorsi and biceps femoris 1
muscles was slightly higher for driving to stunning in a restrainer/CO2-tunnel,
whereas the percentage of pigs with DFD-meat in the rectus femoris muscle was !
considerably higher, especialiy for pigs stunned in a CO2-tunnel (Table 6). These 8
results show}« that :frumyg pigs through pens, races and restrainers/CO2-tunnels causes 3
a greater degree of exhaustion and exitation thon driving directly to electrical
stunning on the floor. t

1 | ¢ :
Only the colour of the uncured biceps femoris muscle showed any difference with f

transport time, in that the colour was dar

pof t after 3 hours transport (99% confidenc®
£ H b o2 = Py ¢ . .t . g ns 5l
1cve.)' \Tobl? J).'.‘c.vw‘u, the percentage of pigs with PSE-meat in longissimus dof®
and biceps femoris was highest after 2 hours transport, while the percentage of pigs

with DFD-meat in the rectus femoris muscle was h st after 3 hours transport con”

firming the trends seen in the previous experiments.
It is surprising that a waiting period in the race before stunning ir
COy-tunnel did

with 2 hours transport, as this treatment was undoubtedly mere

a restrainer/

t cause a greoter increase in the number o

pigs with PSE-meat

stressful. However,
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