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Improvement o f meat q u a lity  in  pigs by beta-adrenergic blockade 

P.D. WARRISS and D. LISTER

A.R.C. Meat Research In s t i tu te ,  Langford, B r is to l ,  BS18 7DY, England

In tro d u c tio n
The porcine s tress  syndrome, which o fte n  leads to  the development o f pa le , s o ft  exudative (PSE) muscl® ¡nd1 "  1 W # I I « *  WMI V J  " "  '  W ■ -----------  w .  r  > \  /  C P 1 j

s la ug h te r, and drug-induced m alignant hyperthermia (MH) are characterised by s im ila r  m etabolic , s i s .  
has been suggested as a usefu l model to study the mechanism o f s t re s s -s u s c e p t ib il i ty  in  pigs (L is te r , ar^
H a ll,  1977). Both phenomena invo lve  severe muscle s tim u la tio n  and high concentra tions o f catecholam1 (, c>.
found in  the blood. The m etabolic e ffe c ts  o f catecholamines in  ske le ta l muscle are m ainly concerned ^  ^
hydrate metabolism and are mediated through beta-adrenergic receptors (Brody and M cN e ill, 1970).^i u i u uc me uu i i oui unu ui c mcu i u ecu u u u y i i ucuu uui ciici y iV/ ■ uv io y ui uuj uiiu nunc i i i ) i -» / u ; °
g ic  b locking drugs, however, are not e f fe c t iv e  in  the prevention o r treatm ent o f MH (L is te r ,  Hall
1976). On the o ther hand, massive alpha-blockade prevented the death o f s tress -su sce p tib le  pigs sÛ niinalstS 
suxamethonium-induced MH (L is te r ,  Hall & Lucke, 1976) and alpha agon ists w i l l  s tim u la te  MH in  these aagoni®1 
(H a ll,  Lucke and L is te r ,  1977). I t  is  not c e rta in  th a t these are d ire c t  e ffe c ts  o f alpha-adrenergic 
or secondary e ffe c ts  caused by va so con s tric tion  in  sk in  or muscle (G ronert, M ilde and T ay lo r, 1980)* ^  e1 
W ilson, Weiss and C h ris tia n  (1973) could f in d  no e f fe c t  on muscle co lour o r u ltim a te  pH in  pigs in w
p a r t ia l alpha or beta-blockade was produced.

A new beta-adrenerg ic b locke r, carazo lo l ( l-(4 -ca rb a zo ly lo xy )-3 -iso p ro p y l-a m in o -2 -p ro p a n o l) has rece ea y  
in troduced w ith  a potency in  v ivo  approxim ately one hundred times g rea te r than propranolo l ( In n is ,
Snyder 1979). I t  has been proposed th a t carazo lo l could be used in  the a l le v ia t io n  o f s tre s s -re la te  ^ ld  
in  pigs (F ieb ige r e t a l , 1978). The present experiments were conducted to  examine whether carazolol 
improve meat q u a lity  in  s tre s s -s e n s it iv e  and s tre s s -re s is ta n t p igs .

M a te ria ls  and Methods
Twenty Large White and 18 P ie tra in  pigs weighing about 70 kg were used in  the experiments.

ach.ntr»
pigs °f lid i^y

were randomly a lloca ted  to the con tro l and trea ted groups in  equal numbers. Treated pigs were in ;}®0py1
m uscu larly behind the r ig h t  ear w ith  the be ta-b lock ing drug carazo lo l ( l - ( 4-c a rb a z o ly lo x y -)-3-isopT°r^|v- 
2- propanol, SUACRON? Praemix W irk s to ff GmbH, Mannheim, Federal Republic o f Germany) a t a dose o f W j i  
l iv e  weight 0.5h befôre being loaded onto a standard commercial animal tra n sp o rte r and transported . 
Research In s t i tu te  slaughterhouse. This journey took 4h and covered about 150 km. On a r r iv a l ,  the

jig5

rested in  la ira g e  fo r  Ih before being e le c t r ic a l ly  stunned (90V, 50 hz) and exsanguinated.

At s laughter a sample o f blood was co lle c te d  in to  heparin (25 II .m l '1) and the plasma analysed
ose

(Boehringer, K it  No. 124036), la c ta te  (Boehringer, K it  No. 124168) and fre e  f a t t y  acids (FFA) FFA

extracted according to  Dole and M einertz (1960) and measured using the method o f  Duncombe (1963)•
r it>

At 15 minutes post mortem samples o f l iv e r  and m. longissim us d o rs i (LD) in  the reg ion o f th e ^ la®J lac
co lle c te d  in to  liq u id  n itrogen fo r  measurement o f glycogen (Sugden, Sharpies and Randle, 1976) 3"^ 1 ■ • . I'l'*.'* " . u, vgv.11 " ~ VM.VMV — ■ J . j  «wg — . . \ _ w. -j — r ■ . gf] D1 Lg

temperature was recorded in  the LD. F orty  f iv e  minutes post mortem the pH was measured (p H its )^  prâ
o f a sample o f LD in  5 mM sodium iodoaceta te , 150 mM potassium c h lo r id e  pH 7 .0 , and a F ibre  OP1, 
measurement (FOP) made (MacDougall and Jones, 1975). The FOP value is  a measure o f the 1ig h t_s 
p ro pe rties  o f the muscle; higher values in d ic a te  p a le r, more opaque muscles. J  f

1953)

&
©St mortem, water hold ing capac ity  (WHC) was measured in  the LD (Grau andTwenty-four h 

expressed as tl 
(% d r ip )  from the
r ib  and hung in d iv id u a lly  in  p la s t ic  n e ttin g  bags in s id e  in f la te d  polythene bags fo r  72 h

e r a t io  o f the outer f lu id  reg ion to the area o f muscle sample fB rlskev  e t a l , , e 
he LD was estimated on s lic e s  1-1 .5  cm th ic k  cu t across the long ax is  o f th e jn u s ^

a t

Results are expressed as means ± standard e rro rs . The s ig n if ic a n c e  o f d iffe re n ce s  between mean5 
using S tudent's  t  and between variances using the F - ra t io .

wa5

Results
The e ffe c ts  o f  beta-blockade on meat q u a lity  measurements are given in Table 1. In

L i t * :
« X

blockade had no s ig n if ic a n t  e f fe c t  on meat q u a lity  which was very good in  both con tro l and treaty
-  - ---  " ~ lS all?,. ['the P ie tra in s  beta-blockade reduced muscle temperature 15 minutes post mortem (P <0.001 ) > x a  .T siria1 ‘ i ue

This resu lted  in  s ig n if ic a n t ly  (P <0-? poP
o f d r ip  lo s t  from the stored muscle samples. Beta-blockade also reduced the v a r ia t io n  in  tne ns w®

reduced FOP value (P <0.01) and improved WHC (P <0.001).

in  the P ie tra in s . Based on measurements o f pH^5 and FOP, seven ou t o f the nine con tro l P ie i r ^ y i o ^ ‘ $  
considered to e x h ib it  the PSE con d ition  ( pH45 < 5 .9 , FOP > 30) w h ile  none o f the trea ted group

. Large
Beta-blockade reduced i n i t i a l  (15 minutes post mortem) l iv e r  glycogen s ig n if ic a n t ly  in  both J; nCentra(|d' 
(P < 0.01) and P ie tra in s  (P < 0.001) (Table 2) and, in  the P ie tra in s , v a r ia t io n  in  glycogen c ^ g j)

Beta-blockade increased i n i t i a l  muscle glycogen concentra tions ( ”
P ie tra in s  but had no e f fe c t  in  the Large Whites.

a lso reduced (P < 0.01 
i n i t i a l  muscle la c ta te  le v e ls  (P < 0.01) in
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e 1.
( T -  3ua^ t y  measurements in  the LD o f con tro l and beta-blocked pigs o f  Large White 

10 per group) and P ie tra in  (n = 9 per group) breeds (means ± SE)

S ig n ificance  o f d iffe re n c e

T°C

PH

HOP

WHc

Breed Control 8-b lock between mi

15 LD LW 36.8 ± 0.3 36.1 ± 0.2 NS
P 38.2 ± 0.4 36.1 ± 0.2 P < 0.001

LD LW 6.82 ± 0.09 6.89 ± 0.08 NS
P 5.86 ± 0.16 6.57 ± 0.07 P < 0.01

LD LW 14.0 ± 0.4 13.4 ± 0.4 NS
P 31.2 ± 4.7 14.8 ± 0.5 P < 0.01

LD LW 1.76 ± 0.15 1.75 ± 0.09 NS
P 2.78 ± 0.16 1.73 ± 0.11 P < 0.001

^P (Chop) LW 6.8 ± 1.0 6.0 ± 0.8 NS
13.3 ± 0.8 10.0 ± 0.7 P < 0.01

Coi
Horti|rtg^ t r a t 'i°ns o f glycogen and la c ta te  in  the l iv e r  and LD a t 15 minutes post-

ln con tro l and beta-blocked pigs (means ± SE)

Breed Control 8-block
S ig n ificance  o f d iffe re n c e  

between means

)

LU( ^ g - ? f n

LW 12.3 + 2.2 3.9 + 1.5 P < 0.01
P 10.8 + 2.6 0.8 ± 0.3 P < 0.01

LW 9.2 + 0.5 9.7 + 0.6 NS
P 6.2 + 1.0 8.6 + 0.5 P < 0.05

LW 3.2 + 0.3 3.1 + 0.3 NS
P 6.8 + 0.6 3.9 + 0.2 P < 0.01

or°rcA0 f 9lucose, FFA and la c ta te  in  the plasma are given in  Table 3. Beta-blockade d id  not a f fe c t  
h|_A leveis ' "  ----  "in e ith e r  breed but reduced v a r ia t io n  in  FFA in  the P ie tra in s  (P < 0 .0 5 ). Plasmaw,

not a f f
w P^ev ected in  Large Whites; in  P ie tra in s  the la rge  increase seen in  the con tro l group a t 

W  Wa$ s iQn̂ ed but the d iffe re n c e  between the means ju s t  fa i le d  to reach s ig n if ic a n c e  although the 
6 3. Tl y n i f ic a n t ly  (P < 0.05) reduced.

'he eff
Pl9s (rng ^ s° f  beta-blockade on plasma glucose, FFA and la c ta te  in Large White and P ie tra in
^  ± SE)

Breed Control B-block
S ig n ificance  o f d iffe re n ce  

between means

(mg. 100 ml’ 1) LW 105 ± 2 108 ± 2 NS
P 102 ± 2 103 ± 2 NS

(mg. 100 m l-1 ) LW 10.2 ± 1.2 9.2 ± 0.8 NS
P 10.0 ± 1.0 11.1 ± 0.4 NS

(mg. 100 m l-  ) LW 15.2 ± 1.7 16.6 ± 2.5 NS
P 27.7 ± 5.3 16.0 ± 1.8 NS

" cta te

K  -------------------------
¡%5° ifjj9e  Whit
A l l  N  By6 Pigs showed very good meat q u a lity  ty p ic a l o f a s tre s s - re s is ta n t breed and beta-blockade 
l^lfl i ta~blOckarit r a ?t ’ bbe untreated P ie tra in s  had very poor q u a lity  meat ty p ic a l o f a s tress -su sce p tib le

P*hSSs Paiea^ Js!, 9n i 'f:'ic a n tly  improved i t ,  based on lower temperature and higher pH^5 in  the muscles
v,nIv rCF'*- ~

V

Skiff.

Of 4®cted and had improved WHC leading to less d r ip  loss in  storage. Most B r it is h  s laughter pigs 
sk!̂  ^Prov Ve raeab O v a lity  between these two extremes exem plified  by the Large White and P ie tra in  

6Ss~tus 6nie,?t  i n meat q u a lity  by beta-blockade would the re fo re  be expected to  be re la te d  to the
eP t ib i l i t y  exh ib ite d  by the genotype o f p ig  under cons ide ra tion .

ln PHU. . .
Ik »01 p.Tlhus1t,u‘*s in the con tro l and trea ted  P ie tra in  groups were re f le c te d  in  the concen tra tion  o f  muscle 

6ff6 1®tra1! r)seta'b lockade prevented the rap id  loss o f muscle glycogen and increase in  la c ta te  shown by

S|Nb^Pt°f  ca t6
] L aUhou umines on the carbohydrate metabolism o f  the l i v e r  cannot c le a r ly  be ascribed to alpha or 

to a?0). -r?h adtenerg ic  blockade o f both types w i l l  in h ib i t  catecholamine-induced hyperglycaemia 
"hfig^Plain k6 ^ar90 reduction  in  l i v e r  glycogen produced by beta-blockade in  both breeds is  the re fo re  

Wi$ n L t,lrouqh k m i9ht be due e ith e r  to  an enhancement o f the a lph a -a g o n is tic  e ffe c ts  o f  endogenous 
Db l"e fig  . b^ocking the be ta-receptors or to  an e n t ir e ly  secondary e f fe c t .  The m obilised carbo- 

cted in  ra ised  blood glucose le v e ls  which were not elevated s ig n if ic a n t ly  above re s tin g
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le v e ls  in  any group.

FFA, produced by increased sympathetic nervous a c t iv i t y ,  catecholamine secre tion  and associated l i p 01^ # "  
a major source o f energy fo r  muscles during exercise (G o lln ic k , 1967). In th is  experiment, FFA concej* 
were r e la t iv e ly  low in  a l l  pigs but th is  could r e f le c t  increased u t i l is a t io n  as w e ll as production. r e 
p r is in g ly ,  FFA were p ra c t ic a l ly  unaffected by beta-blockade however the re s u lts  from the FFA a n a ly s t .-¡ns^ 
v e r i f ie d  independently using a d i f fe re n t  assay procedure. The lactacidaem ia seen in  the con tro l Pietr 
prevented by beta-blockade.

In conclus ion , beta-blockade, induced before a preslaughter tra n s p o rt s tre s s , was e f fe c t iv e  in  preven 
development o f PSE meat in  s tre ss -su sce p tib le  p igs . I t  seems l i k e ly  th a t the pigs in  these e x p e r t  ner t> 
e f fe c t iv e ly  beta-blocked a t s laughter as w e ll as during the preceding tra n sp o rt and la ira g e . I f  a of ^
had elapsed between in je c t io n  and s laugh te r, through prolonged tra n sp o rt or la ira g e , the effectiveness 1 
adrenergic blockade may have decreased to the exten t th a t ,  in  the P ie tra in s , the m etabolic events l ea° 
poor meat q u a lity  were s t i l l  tr igg e re d  a t s laugh te r.

tu«

W hils t there is  no doubting the a f f in i t y  o f carazo lo l fo r  be ta-adrenerg ic receptors ( In n is  e t a l , 
the re s u lts  observed may have been a t t r ib u ta b le  to p ro pe rties  o ther than beta-blockade. I t  is  well W ^  1 
many o f the so -ca lled  be ta-b lock ing e ffe c ts  o f propranolo l are due to the drug 's  membrane s ta b ilis in 9  
anaesthetic  p ro pe rties  and th is  is  a possib le  cause o f the e ffe c ts  demonstrated here.
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