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Improvement of meat quality in pigs by beta-adrenergic blockade

P.D. WARRISS and D. LISTER
A.R.C. Meat Research Institute, Langford, Bristol, BS18 7DY, England

Introduction ab
he porcine stress syndrome, which often leads to the development of pale, soft exudative (PSE) mUSC]eander
slaughter, and drug-induced malignant hyperthermia (MH) are characterised by similar metabolic changesucwf
has been suggested as a useful model to study the mechanism of stress-susceptibility in pigs (Lister!esa“ﬂ
Hall, 1977). Both phenomena involve severe muscle stimulation and high concentrations of catech013m1n¢h5?~
found in the blood. The metabolic effects of catecholamines in skeletal muscle are mainly concerned _adr
hydrate metabolism and are mediated through beta-adrenergic receptors (Brody and McNeill, 1970). Be Ludﬂ
gic blocking drugs, however, are not effective in the prevention or treatment of MH (Lister, Hall a”d
1976). On the other hand, massive alpha-blockade prevented the death of stress-susceptible pigs SUbJ%mﬂ5ﬁ
suxamethonium-induced MH (Lister, Hall & Lucke, 1976) and alpha agonists will stimulate MH in these 2  ;4is"
(Hall, Lucke and Lister, 1977). It is not certain that these are direct effects of alpha-adrenergic Towuﬁ
or secondary effects caused by vasoconstriction in skin or muscle (Gronert, Milde and Taylor, 1980)'1Ch€‘
Wilson, Weiss and Christian (1973) could find no effect on muscle colour or ultimate pH in pigs in ¥
partial alpha or beta-blockade was produced. oot
1Y "pd

A new beta-adrenergic blocker, carazolol (1-(4-carbazolyloxy)-3-isopropyl-amino-2-propanol) has recﬂﬁré ﬂg
introduced with a potency in vivo approximately one hundred times greater than propranolol (Inniss Codiw“
Snyder 1979). It has been proposed that carazolol could be used in the alleviation of stress-relaté oum
in pigs (Fiebiger et al, 1978). The present experiments were conducted to examine whether carazolo
improve meat quality in stress-sensitive and stress-resistant pigs.

Materials and Methods
Twenty [arge White and 18 Pietrain pigs weighing about 70 kg were used in the experiments. Pigs 9% .,
were randomly allocated to the control and treated groups in equal numbers. Treated pigs were inj€c g
muscularly behind the right ear with the beta-blocking drug carazolol (1—(4—carbazo1yloxy—)—3-i5°proggﬂo%@f
2- propanol, SUACRONR Praemix Wirkstoff GmbH, Mannheim, Federal Republic of Germany) at a dose of ]to ¢
live weight 0.5h befdre being loaded onto a standard commercial animal transporter and transported i
Research Institute slaughterhouse. This journey took 4h and covered about 150 km. On arrival, t
rested in lairage for 1h before being electrically stunned (90V, 50 hz) and exsanguinated.
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At slaughter a sample of blood was collected into heparin (25 U .m17!) and the plasma analysed fOr gweﬂ
(Boehringer, Kit No. 124036), lactate (Boehringer, Kit No. 124168) and free fatty acids (FFA).

extracted according to Dole and Meinertz (1960) and measured using the method of Duncombe (1963)' ; Mﬂ'
tery
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At 15 minutes post mortem samples of liver and m. longissimus dorsi (LD) in the region of the 1 nd
collected into Tiquid nitrogen for measurement of glycogen (sugden, Sharples and Randle, 1976) ana
temperature was recorded in the LD. Forty five minutes post mortem the pH was measured (pHus QC pNP
of a sample of LD in 5 mM sodium iodoacetate, 150 mM potassium chloride pH 7.0, and a Fibre Optlttef1
measurement (FOP) made (MacDougall and Jones, 1975). The FOP value is a measure of the 1ight-s¢

properties of the muscle; higher values indicate paler, more opaque muscles.
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Twenty-four h post mortem, water holding capacity (WHC) was measured in the LD (Grau and Hamm’];5g) £he
expressed as tEe ratio of the outer fluid region to the area of muscle sample (Briskey et al, scle

(% drip) from the LD was estimated on slices 1-1.5 cm thick cut across the long axis of the m”100

rib and hung individually in plastic netting bags inside inflated polythene bags for 72 h at +

at
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Results are expressed as means * standard errors. The significance of differences between med

using Student's t and between variances using the F-ratio. y

Results ite
he effects of beta-blockade on meat quality measurements are given in Table 1. In the Largé g:edgr q
blockade had no significant effect on meat quality which was very good in both control and tfﬁed Hﬁ WLU
the Pietrains beta-blockade reduced muscle temperature 15 minutes post mortem (P <0.001), re s gma]?w ;
reduced FOP value (P <0.01) and improved WHC (P <0.001). This resulted in signifticantly (P <0.0 )FoPVa1dD
of drip lost from the stored muscle samples. Beta-blockade also reduced the variation 1n_t e 1n5wm
in the Pietrains. Based on measurements of pH,s and FOP, seven out of the nine control pietrd ouw‘
considered to exhibit the PSE condition (pHys < 5.9, FOP > 30) while none of the treated grouP
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Large wh;tioﬂgg‘-h
Beta-blockade reduced initial (15 minutes post mortem) liver glycogen significantly in both % et
(P < 0.01) and Pietrains (P < 0.001) (Table 2) and, in the Pietrains, variation in glycogen . O,oﬂ

also reduced (P < 0.01). Beta-blockade increased initial muscle glycogen concentrations (P <
initial muscle lactate levels (P < 0.01) in Pietrains but had no effect in the Large Whites:
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Mea .
n : ?”a]1ty measurements in the LD of control and beta-blocked pigs of Large White
0 per group) and Pietrain (n = 9 per group) breeds (means + SE)

Significance of difference

Breed Control g-block between means

Toc
15 Lo LW 36.8 + 0.3 36.1 + 0.2 NS
s p 38.2 + 0.4  36.1 + 0.2 P < 0.001
LD LW 6.82 + 0.09 6.89 + 0.08 NS
5 P  5.86 +0.16 6.57 + 0.07 P < 0.0
LD LW 4.0+ 0.4  13.4 + 0.4 NS
M p 31.2 + 4.7 14.8 + 0.5 P < 0.01
LD LW 1.76 £ 0.15 1.75 + 0.09 NS
¥ 4o P 2.78+0.16 1.73 +0.11 P < 0.001
P (Chop) L 6.8 + 1.0 6.0 + 0.8 NS
13.3 £ 0.8 10,0 + 0.7 P < 0.0

Once !
"Mrtent?at10ns of glycogen and lactate in the liver and LD at 15 minutes post-
1 control and beta-blocked pigs (means + SE)

Significance of difference

Breed Control g=block between means
Live
(g 3lycogen LW 12.3:2.2 3.9:1.5 P < 0.0]
g]'g ) P 10.8+26 0.8 0.3 P < 0.01
(ng. gogen LW 9.2+0.5 9.7 0.6 NS
Dy ) P 6.2:1.0 8.6%0.5 P < 0.05
a
(mgfgf‘fe B = 52 w03 03, %03 NS
l ) P  6.8+0.6 3.94%0.2 P < 0.0
m&iﬂ Once
Qlu ntratio N
~ Cose or n; of glucose, FFA and lactate in the plasma are given in Table 3. Beta-blockade did not affect
¢ﬁhtew levels in either breed but reduced variation in FFA in the Pietrains (P < 0.05). Plasma
o lghy Wag
Tips 3N No
Py, 8p ta X
" “honaas e:gected in Large Whites; in Pietrains the large increase seen in the control group at
H“e' As g5 n‘”?ed but the difference between the means just failed to reach significance although the
3 Wicantly (P < 0.05) reduced.
& eff
p198 (m:§§50f gega-blockade on plasma glucose, FFA and lactate in Large White and Pietrain
ENSE
Significance of difference
; Breed Control g-block between means
Tugg
Se
(mg. 100 m1-1) LW 105 + 2 108 + 2 NS
Fra P 102 +2 103 + 2 NS
(3. 100 m-1) W 10.2+1.2 9.2 +0.8 NS
5 P 10.0 + 1.0 11.1 + 0.4 NS
(Mg 100 m- ) LW 15,2 + 1.7 16.6 + 2.5 NS
P 2T R 5, 3 610N o8 NS
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Who ™ Q 1l .

@Fh:" ZE— Byecg;gs showed very good meat quality typical of a stress-resistant breed and beta-blockade
udw f*e]ea‘blgckadtra$t, the untreated Pietrains had very poor quality meat typical of a stress-susceptible
AN upe“ Pale € significantly improved it, based on lower temperature and higher pH,s in the muscles
Q%ee”dancted and had improved WHC leading to less drip loss in storage. Most British slaughter pigs

he gtrii DrOVe;Ve meat quality between these two extremes exemplified by the Large White and Pietrain
liyy igg S Susce eﬂt.ln meat quality by beta-blockade would therefore be expected to be related to the

- 2b m‘hc Ptibility exhibited by the genotype of pig under consideration.

I v n ,
The t“] ]ThUg’sz% n the control and treated Pietrain groups were reflected in the concentration of muscle
%LEWQ etrajns a-blockade prevented the rapid loss of muscle glycogen and increase in lactate shown by

B B
thnyCep, OF ¢
H5eNong Plop, -3 tec .
3£p§ﬁ2 ,§§7a thgﬁ;am‘”ES on the carbohydrate metabolism of the.11ver cannot c]ear]y be ascribed to alpha or
Wmﬁnma to . 0 T adrenergic blockade of both types will inhibit catecholamine-induced hyperglycaemia
ita mhws in be ]afge reduction in liver glycogen produced by beta-blockade in both breeds is therefore
L ut m19ht be due either to an enhancement of the alpha-agonistic effects of endogenous
ref) Ctb]09k1ng the beta-receptors or to an entirely secondary effect. The mobilised carbo-
&d in raised blood glucose levels which were not elevated significantly above resting
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levels in any group. p
. 159, ¢
FFA, produced by increased sympathetic nervous activity, catecholamine secretion and associated 11P°]yiaﬂm
a major source of energy for muscles during exercise (Gollnick, 1967). In this experiment, FFA Conceﬂr_
were relatively low in all pigs but this could reflect increased utilisation as well as production. Were
prisingly, FFA were practically unaffected by beta-blockade however the results from the FFA ana1Y§‘531¢”
verified independently using a different assay procedure. The lactacidaemia seen in the control Piet’
prevented by beta-blockade. "
In conclusion, beta-blockade, induced before a preslaughter transport stress, was effective in prgve”tfaw%
development of PSE meat in stress-susceptible pigs. It seems likely that the pigs in these expef1menngertb
effectively beta-blocked at slaughter as well as during the preceding transport and lairage. If 2 1osof‘”
had elapsed between injection and slaughter, through prolonged transport or lairage, the effectivenesdmgto
adrenergic blockade may have decreased to the extent that, in the Pietrains, the metabolic events Ted
poor meat quality were still triggered at slaughter.

506
Whilst there is no doubting the affinity of carazolol for beta-adrenergic receptors (Innis et al, 19£Zgw Tj
the results observed may have been attributable to properties other than beta-blockade., It is W?]1 ndh
many of the so-called beta-blocking effects of propranolol are due to the drug's membrane stabilising
anaesthetic properties and this is a possible cause of the effects demonstrated here.
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