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¿ > s and Seri0‘Js problems in pigmeat production are susceptibility to 
Pl^ ‘ Thesp "leat quality (particularly nale, soft, exudative, or PSE, 
as: • As a _ pr°blems frequently occur together, most commonly in the leanest 
(li!iiation h!!u1t 1t has been suggested that there is a physiological 
iooft 19711 tw?wn ^ ^ a s s  leanness, stress-sensitivity and poor meat quality 

the c /  , sensitivity to stress expresses itself in an inability to
Î > < n^rains of modern production methods, but particularly 

to deleterious consequences of transportation are^r
of fa|[nferior meat quality’ but can result in death in transit 

9reater economic importance.

sually

1 in pj * ab1e to investlnate the physiological changes associated with 
apD.ls of a n. w was first necessary to study temporal changes in the plasma 

Inn- of hormones and metabolites during stress. Thereafter, the 
Sp3rt on .gators were used to examine the effects of loading and 

t̂eri Cne netabolism of P19s both Prior t0 slaughter and post-mortem.

p& a1lyCw1,th9,!t^Pl3S *8 pietrain, 8 I
¡I55 d anaesthp ]ndweH 1ng jugular vein

Gloucester Old Spot) were fitted 
catheters while under thiopentone-Ptik a,|aestho j „ _

ip<w . p® ol supplemented with nitrous oxide/oxygen inhalation. The
SUp9er)aj;JfJ_n metabolism crates and allowed at least five days to recover'-Cfc. J = ry " " • W W M 3III LIOICJ OIIU aiivwt.. us. ““J - -

%  * fooS 0r to starting the experiment. During this time the pigs had 
W ,  Pap1ni2J nd water ad libitum. The catheters were frequently flushed 

n9 and «¡a sa^ine to maintain patency and to accustom the pigs to 
£ W .  "’PUng procedures.

1,1 Vein *be experiment, nesting blood samples were taken via
ate thúC?tbeter- The olos were then subjected to a procedure designed

¿ V S  ¡ ¡ ^  experiment, access to food was removed from each pig.

«̂ U

fading of pigs on to a lorry. This Involved removing the pigs 
• 1n3 then k! ,1nt0 a pen, shepherding the pigs around the pen and then

into their crates (Spencer, 1980). The procedure lasted 5 
samples were then taken at timed intervals after the start of

undertaken

pel! their ~the loadi 
ti ? % t w tes W a 
%  and hi0b!<:k ’ nto 
k«t Jj'ss. OnM  samP1e: -

^  another day a similar blood sampling procedure was 
IjV '°ading procedure (non-stress sampling experiment).

S 2  we^k after the loading stress experiment the pigs were again
¿ted 0Vg 't b|Jt, the following morning were loaded into a trailer and 
*t the ena a sbandard route for one hour covering a distance of about 

d of this period the pigs were unloaded and slaughtered after

Figure 1 .

Changes in the plasma concentration of (a) insulin (b) cortisol (c) glucose (d) 
lactate (e) thyroxine and (f) free fatty acids in Pietrain and Gloucester Old 
Spot pigs following simulated loading stress started at time 0 min. The 
unstressed ranges indicate the maximum and minimum concentrations measured In 
plasma taken during a similar period in the absence of loading stress.

k.

^a^oadlr, a1ra9e. _______ r
, > t .  ?* after transport and while in lairage, at one and two hours after

Blood samples were taken at the start of the experiment,

some cases blood samples were also taken mid-way through

were rapidly centrlfuaed and the plasma collected. An 
, was deproteinlsed 1n 10 volumes of 0.33N perchloric acid and 

5PW 9er (107^, supernatant measured using the method of Werner, Rey &
%  ?  (Dole i* A further aliquot of 1 ml was extracted in 5 ml of Dole's 

a *o<n5iMe1nertz' 1960  ̂ and 1ater assayed for free fatty acid levels 
SrM^  hy tP' f1 cation of the method of Duncombe (1963). Lactate levels were 

° H l Sa;b* enzymatic

iii

isati ’':,4Jrn,at1c method of Gutmann S Wahlefeld (1974) following 
°n with 2 volumes 0.6N perchloric acid.

> t s  , at -20°C until later assayed for: cortisol (compet- 
Sulin (r°lPd1r1cl assay; Amersham), thyroxine (radioimmunoassay; Pharmacia)

radioimmunoassay; Pharmacia).

\

! \ i S e s ,n ,
mV»» loadiPlasn,a levels of the various substances measured following 
¡'«Co*: ^etrai r'tress are shown in Figure la - If. There was no difference 
2 rtij • larta n and Gloucester Old Spot pigs in the plasma concentrations of: 

or thyroxine in the resting samples, but both 
pcen?**i lari 1evels were higher (P<0.05) in the Pletrains. Plasma levels 
h” pes« att0neCJate and thyroxine all Increased (P<0.01 ) rapidly to peak
^   ̂POrir- - * hy AKft.1» fl ...  i . . . .  — . f ^  . a. .  * A fltÂ A ijaaa nA Hi f  fnsç

, —.... wijti uamic 01 1  1 nv' r  1 . r  
ny about five minutes after stress and there were no differences

b? S e nS1gnlc7yen the two breeds. Insulin levels were transiently increased 
r (P<n Lc?nfly so (P<0.05) in the Pletrains. Plasma cortisol levels

K.. . . .1___-I.».- _____ f c „ 11 r\r\ « Kntv.and n'^ by similar absolute amounts (about Spg/lOO ml) in both 
k t1on? °UCester 01 d Spot pigs but took 10-15 minutes to reach peak 
vJ,Jt wer‘ Jbe changes in plasma FFA levels were similar in the two 

s 3nif:J minute character1sed by an immediate decrease (P<0.05) lasting for 
fol lowed by a steady rise 1n plasma concentrations reaching 

0,lsstICant ch! evate<1 levels by 120 minutes after stress. There was no 
ts es-;  ̂ ap,ge (P>0.05) In the levels of any of these substances during the 
S  *  P 1ng exoeriment.
i -Ss . )ev

S °^ber substances changed too rapidly to be useful as
UrM errs thout confounding the experiment with stresses to the 
®XDer.st'1Jdy» cortisol was used as an indicator of stress 1n the 

»v W 9 ent* As shown in Figure 2, plasma cortisol levels increased
7 stres,1n9 to a level similar to that recorded during the simulated 

tr ®*Per1ment. However, following transport the levels Increased
0 *Do a Corn *be si x animals which were sampled mid-way through transport,
ii br«* S°̂  ^ove^s were no different from those found at the end of

bu4.not shown). The relative Increase in cortisol was similar 1n 
'SS V ft-*r f p1asma cortisol concentrations were still significantly

•veis ! bour in lairage In the Pletrains while they had returned to 
n the Gloucester Old Spots.

Pietrain 

Gloucester Old Spot

Figure 2 .

Chanqes 1n the plasma concentration of cortisol 1n Pietrain and Gloucester Old 
SpSt pigs during loading, transport and lairage. After 1 hour In lairage 
cortisol levels In the Pletrains are still significantly (p<0.05) elevated, 
....... 1 __ 11________ piAMAnatAr niH Qnnt nine h^wp returned to normal.
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Discussion

!n^fhe*paStrthere have been a number of attempts to establish a sinqle nlasma 
ndicatcr of stress. Of particular Interest would be an easily ¿ealured 

undeinnn6 Wt'iiCh could,9*ve an Indication of the degree or amount of stress 
undergone. Many earlier studies were confounded by the stress associated with 
sampling, and amongst those which have used relatively stress-free sampling

the°levels J f^he "toSlratn '"Ck rf ,n*i!epth studies the temporal Ganges 1n , levels of the Indicators . From the present studies it seems that S
glucose lactate Insulin and thyroxine all change too rapidly to be 
rr«* ?i!lar1Jt as practical indicators of stress, while the decrease in
rnir c°nsiste"t was not of sufficient magnitude to be of use. By
peak uniil in i?CI-aSr " ?lasma cortiso1 '«e's “aa marked and did not reach a 

al (lW2)°*1L ! £ ! ^ % h ftM  wtre?S; thlsconcurs with the findings of Staun 
crentlhi» ^  ’ W e  higher levels of cortisol found 1n the stress­

in HPi1 M  P1etra1ns conflicts with the findings of Staun et al (1972) who 
found lower levels of adrenal cortlcolds In their stress-susceptible Landrace 
pigs. This difference between cortisol levels in various stress-susceptible 
r®e hs s fch0fj " the disparity found in the functional capacity of JJe

The fSctathatPihnltaaii?<l,'enal aiis !Lister et al 1972; Sebranek et al 1973). 
IncrIn«hi*  i th! differences in adrenal function exist, amongst the stress- 
rhar!iilbl ff’'66?!’ D?riyet they sho’' s1mH a r  post-mortem muscle 
functioningce 1e P ’ 5u39e,sts that abnormalities in adrenal glucocorticoid 

not a casual factor 1n poor meat quality. However 
cortisol Is still a good "Indicator" of stress. '

f S r t h ^ l l H ^ i V l “ ™  cor tiso1 levels '"crease following loading and increase 
stress to tha? l l ^ T i  s“?9estsrthat transportation provides an additional
thlf stodv it ¿ r a n i i r i J ^  F.rom *"* resuUs of the first experiment In 
„"1* y ( , ? anticipated that plasma cortisol should have returned to
p eHod The'findlnlfthhr animals had been unstressed during the transport 

\  The fi"d1ng that transportation 1s stressful conflicts with the 
conclusions drawn by Augustini (1976).

to°thateinfldlitedehS0thlUie i?at Wansportation provides an additional stress 
further w l t h t o f  xnn.M ’?adIn9 pr°iedures and, Pi nee cortisol levels Increase 
bothha ouliitalLe al.-ire-S ° Wansport, It seems that cortisol may beDoth a qualitative and quantitative indicator of stress. J
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