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m oderate— indoor__ exercise on carcass composition, meat quality and muscle
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In'1 e*erc ^  experiinent was carried out w ith 40 crossbred pigs to study the effect of enfor- 
^3 kgj t^Se on carcass and meat quality characteristics. During the fattening period (22 to

«6,

e*e Pl9S W6re divided into two groups, two pens with ten pigs in each. The 20 pigs 
V ^  Se were made to run/walk along the passage in the pig house 5 days a week. The
it atSnCe was about 500 meters. The pigs were restrictedly fed twice a day. After slaugh- 

aaPr°X:''lnate3'-̂ ^g live weight the carcasses were assessed for lean meat and fat
b meat quality of M. longissimus dorsi and M. biceps femoris. No significant diffe- 

dW een t h e  t w o  g r o u P s were observed in the parameters studied. The muscle size and 
lstrrbution seems to be v ery consistent and m a y  not be influenced by this rather weakT,

Jhw ’ po r most of the parameters, a significant effect of litter was found.
Most alaughter pigs are reared indoors in narrow pens, giving the pigs limited'iqj l l t i 6s f  '

►j q r e*6rcise and motion. The practice to give the pigs more space outdoors in
^  ^  ha other ways of increased motion has become one w a y  to promote the welfare of the 
C ity °om alS° bSen 3 selling argument, w ith emphasis on healthier pigs with better meat 
^ * ^dooj. ared to confined pigs. The aim of this experiment was to study the effect of mode- 
iviti6s 6xercise on performance, carcass characteristics, meat quality and muscle enzyme 

° f Swedisb crossbred slaughter pigs.
— METHODS: Animals. 40 crossbred pigs (Hampshire boars mated to Sw. Landrace x 

C * 5 re S o w s ) were used. The pigs were reared in four pens, two of which contained five 
Vitll 1Ve castrates and the other two six gilts and four c a s t r a t e s . The pens had concrete 

^  v6re straw  and had a 7.7 m 2 sleeping area and 5.3 m 2 dunging area. The 20 pigs from two 
\  th&9lVen lnoderate indoor exercise by running/walking together in groups, five days a

Qt< ^ g house. The pigs were made to follow a narrow passage in the house and the 
each occasion was, on average, 500 m. The other pigs, used as a control group, were 

Pens. The pigs were sent for slaughter the w eek their live weight was at least

i t  ^
th e i r

P i9s
W6re restrictedly fed twice a day in automatic feeders, with a ration based mainly 

s°yabean meal and fish meal (16.0 % crude protein, 0.85% lysine, 3.6 % crude 
1 2 -3 MJ M E / k g ) . From 60 kg live weight the daily ration was restricted to 34.1 MJ 
was given at free access via bite nipples placed in the dunging area.

c9y

er

Ss" ^^S-Sarcass assessment. The pigs were slaughtered according to the normal procedu-
V.'*6*© 0ltatlercial abattoir in Uppsala. After at least two hours of rest in the lairage the 
( bunii
^  " Ver6 nSd Wlth l0W voltage electricity on the floor. At the time of bleeding, blood  
^  ’ »iu8cleCOllected in heparinized tubes. After b l eeding the pigs were scalded in a tank for 

the Samples for histochemical and biochemical analyses were taken from M. longissimus
the c aSt rib and froin M ‘ biceP s femoris and placed in liquid nitrogen. The carcasses 
0o01°°lin9 rooltl within 60 m i n  after bleeding.

ing for 46 hours the carcasses were assessed for lean meat content by partial

.• the proportions of defatted ham and back were used. The
the right sides. The estimation of lean meat percentage was calculated with

% in ham
an

and back were
h, t l̂e A l l o w i n g  muscles; M. biceps femoris (BF), M. quadriceps femoris, M. semiten- 

,r|t) .^i&te ^ f ^ m b r a n o s u s  et adductor, M. gluteus, and M. longissimus dorsi (LD) .
\  fhe . Quality measurements were carried out at time of cutting at the last rib in LD 

"dc^ e P art of BF. Meat colour was measured as surface reflectance with EEL reflec- 
\  5| 4o q Pbotometer (EEL; Evans Electroselenium Ltd., Halstead, UK) u s ing three different 

ron# 550 nm and 680 nm, respectively. Water-holding ca p a c i t y  was evaluated as\ ; v uu~7o°
,tneasu re d
in

( V  Cu*'

as the percentage weight loss of a 2.5 cm thick slice of muscle hung for
P°lyethene bag at 2 °C (HONIKEL, 1987).

t6cai-- ar fat content (IMF) in LD and BF was analysed using the Soxtex System H* equip- 
' H d ganäs, S). The shear force value was taken with a W a r n e r  Bratzler-instru-
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ment on samples from LD and BF after cooking the meat to an internal temperature of ^
Biochemical analyses were made on muscle samples freeze-dried overnight and then di®

free of surrounding tissues. The activités of the following enzymes were analysed on 1-
jT

the freeze-dried muscle at 25 °C with fluorimetric techniques, according to ESSÉN at al*

and ESSflN-GUSTAVSSON et al. (1984): Lactate dehydrogenase (LDH) for the anaerobic 9 ^
1c°■if

capacity, Citrate synthase (CS) for the oxidative capacity, Hexokinase (HK) for gluC'oSe

phorylation and 3-OH-acyl-CoA dehydrogenase (HAD) for the /3-oxidation of fatty acids-
Statistical analyses. Data were analysed with the Statistical Analysis System (SAS in®it>l

node16te Inc., 1985), using the GLM procedure. All effects were regarded as fixed. The ® 
included the effects of sex and litter besides the effect of exercise. The interact! 011 

sex and exercise was included when significant. The regression of carcass weight an« 
order was included as a covariate. The sample size was included as a covariate when 
was studied.

RESULTS A M D  D I S C U S S I O N : The live weights of the piglets at the start of the exper im01

22.8 kg and 22.7 kg on average in the two groups. The exercised pigs grew a little fa®t eíl J

grams per day compared to 776 grams in the control group. As for feed conversion, thi®
statistically significant. The pigs 
probably have been more intensive to get a better effect

but 1i tdid not refuse to do the enforced exercise, e\
found tfiMURRAY et al. (1974) tom*“ j

of forced exercise on a treadmill three times a week for nine weeks on feed inta^e 
efficiency. They suggested that the degree of exercise was too low to influence enet^
ture. /

li1For most of the traits studied there were significant differences between gilts ° ^  *
tes and the effect of sex has been accounted for in the statistical model. The e£fe c t

f eter was also included in the model. Least-squares means for registered carcass trait® g

in Table 1. The lean meat percentage of the carcasses was the same in the two group®•
of exercise was obtained 
studied. Neither was there any influence

either on the total lean meat percentage or on diffe r e I 1 v ,
in  ha®* 

ti® 1

9*

fon the proportion of lean meat+bone i11 ~ ,v 
76.5 %) and in ham (82.5 %), used for the estimate of lean meat percentage. Inters®

had 9 /
o ^ J

te® ^  s/

ween sex and treatment were only found for a few carcass traits. Exercised gilts 
ham with a greater M. gluteus compared to non-exercised gilts, while no effect was 
castrates. The exercise decreased the subcutaneous fat amount in the ham of castra
effect on this trait was found in gilts. The weight of individual muscles in the hart Or

in Table 2 and no effect of exercise was obtained except for the size of M. g lu teu ®
i ” V
&

\

\

as mentioned above. These results generally agree with earlier studies. Moderat®^ t\
(walking or running) on a treadmill had no significant effect on different muscle® or ■e>’

lean meat content (FITTS et al.,1973; MURRAY et al.,1974; HALE et al.,1986). Wal* 1

(1.2 km/day) had no effect on carcasses in the experiment of ANDAYA et al. (1972) a°CV  ef.y 
et al. (1963) got no effect of forcing the pigs to stand up on their hind legs w ^  V  ̂  
Exercise for 22 min a day had no effect on performance of confined pigs (MORRISON

No significant effect of exercise was found on the quality traits studied. -~tj
and fshown in Table 3. The meat from exercised pigs had slightly higher drip loss 

values in both muscles studied but the differences were not significant. There
unit inCire

B j?
, i ' ‘ j

wa® i*1 .(

cant effect of intramuscular fat on the tenderness of LD. One percentage
c l e® " ■decreased the shear force value by 0.64 unit. The shear force values of the rouS e (; /

rearing condi ^  y

compared to outside in paddocks) on the water-holding c a pacity of the meat. No
affected by the exercise. WARRIS et al. (1983) found no effect of

outside in paddocks) on the water-holding capacity of the meat.
cise was found by ZENIA et al.(1974). RuLCKER (1968) obtained a positive effect of <f>‘

pigs on a treadmill twice a week on LD muscle colour and drip loss. None of the 0

wav e lparameters studied in the present experiment (pH, reflectance at different 
subjective assessment of wetness) were influenced by the exercise enforced. i®'~ t  ■*'*' Qr jThe eating quality of the meat is influenced by IMF. There was a significan yi® J

wa® 1between sex and exercise on IMF in both LD and BF in this study, but the effect ^
tent for the muscles. Exercise increased the IMF in LD of castrates whi l e  no e£

j f f e c tin gilts. In contrast, exercise decreased IMF in BF of gilts while it did not a*

s

\
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11 It) ^)- For most of the pigs, the IMF-values were low. The over-all mean was 1.69 %
«hd i .

No s. * in BE, indicating that the IMF content was generally rather low.
9nificant effect of exercise or sex was found on the muscle

Y  j ^ o g e n (Table 5)
enzyme activities and 

The interactions between sex and treatment were also non-signifi-
t  '
6 Pin nori~significant effect of exercise indicated that the moderate exercise enforced on 

Ur ys
«ut 6f f

sho

was no signi-Was to° light to change the physiological function of the muscles. There 
6ct of stunning order on muscle enzyme activities, glycogen or blood lactate. Other 

__ Wed that the oxidative capacity increased during moderate exercise (FOGD-JORGENSEN & 
®NSEN, 1975; ESS^N-GUSTAVSSON et al.,1988). Moderate exercise also reduced the blood 

if,/11 daughter (ESSflN-GUSTAVSSON & LINDHOLM, 1983)
The moderate exercise enforced on the pigs during their rearing period from 23 

c ^  live weight had negligible effect on daily gain and feed conversion as well as on 
 ̂ Petition, quality traits and muscle metabolism. These findings are in agreement with
9iv6n ained in other experiments with pigs given moderate exercise in paddocks, fed indors 

, 6xercise on treadmills or just walking around. Exercise can be of great value for theOf  ̂ 3
ne pigs» especially if they are reared indoors in small pens. Therefore it is of 

Catcas Importance that the enforced exercise did not deteriorate the pig performance
in S C°mposition and quality. This indicates that pig producers can give their pigs, 

lUCti0nS m a U  P S n S ' moderate indoor exercise without expecting any negative influences on the 
traits and economy.

 ̂in ^ . eifsct of exercise it seems to be necessary to use a much heavier exercise than
P i, in

X

■mi u c o c o D Q ijf u o c  a  muuii n e d v i e r  e x e r c i s e  t n a r

■igs in exPeriment. It is doubtful, however, if this is a realistic way of rearing slaugh- 
a commercial situation.

1. Lea
^  Cayai"~squares means for daily growth 

ass characteristics

Controll exercise
9/da-v

kg

ham, %

776 793

Table 3. Least-squares means for different 
quality parameters in M. longissimus dorsi 
(LD) and M. biceps femoris (BF)

Control Exercise

ln back, %

78.2
62.7

78.2
62.8

Drip loss, % 
LD 5.89 6.5827.7 28.0 BF 5.16 5.4882.5 82.5 Reflectance, 400-700 nm

76.5 76.0 LD 18.3 19.8
! sign. different.

BF
Shear force, lb

18.3 18.6
•ÏSif  (Jig

4̂jl'‘tibuti~s<ïllares means for size (kg)
^ ^at f°n different muscles (in % ih ham)

LD
BF

3.2
4.2

3.0
4.8

Control Exercise
— ----- kg----- «------

1.45 20.8
!: 1 -1 5 16 ■5

kg %

N t S i n1(1* nOg

dors i

■or
!]

;*Us ' ' “ °8U8

SS b

!■ SSS'i- *
■ «

s N U  ( 'i

1.50 21.4 
0.44 6.3
0.59 8.5
2.36
gilt cast 

27.8" 27.7»
1.67» 1.81* 
0.59» 0.60*
8,29*8.72*

1.48 20.8 
1.18 16.6
1.51 21.3 
0.45 6.3
0.61 8.6 
2.31
gilt cast 
28.5b 27.6*

None of the traits were sign, different 
between groups.
Table 4. Least-squares means for percent IMF 
in M. longissimus dorsi (LD) and M. biceps 
femoris (BF)

Control Exercise
gilts castr gilts castr

LD
BF

1.51*
1.79*

1.67*
1.65*

1.50» 1.92b
1.44» 1.56»

1.78» 1.74* 
0.63b 0.59*
8.75» 8.49*

In Tables 2 and 4 means with the same letter 
are not sign, different (p>0.05). In Table 2 
means that are underlined are different
(p<0.10).
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Table 5. Least-squares means for different enzyme activities (mmol*kg-1 *min-1 ) and 
glycogen (mmol*kg-1 )in M. longissimus dorsi and M. biceps femoris

Control Exercise

M. longissimus dorsi
CS 11.3 10.4
HAD 18.8 17.6
LDH 2390 2430
HK 0.54 0.51
Glycogen

M. biceps femoris
505 495

CS 17.7 18.1
HAD 18.1 17.7
LDH 2085 1978
HK 0.47 0.56
Glycogen 473 478

None of the traits were sign, different.

¡5

«0

k

REFERENCES :
A N D A Y A , E . E . ,A R G A N O S A ,V .G . and S L A Y O G , F .A . (1972): Effects of walking exercise on sc 
teristics of pork carcass. Philippine A g r i c u l t u r i s t .56s98-103.

CW

ESSÉN G U S T A V S S O N , B . ,KARLSTRÔM,K. and L I N D H O L M , A . (1984)s Fibre types, enzyme activ* 
substrate utilisation in skeletal muscle of horses competing in endurance ride
V e t . J . 16:197-202.

ESSÉ N - G U S T A V S S O N ,B . and LINDHOLM,A . (1983): P r o c . 5 t h I n t . C o n f .  on Production Dis®*®8 
Animals, Uppsala, 356-362.

IP

tVr
ESSÉN,B .,LINDHOLM,A. and THORNTON, J. ( 1980) : Histochemical properties of muscle fiW®^!)!®
enzyme activities in skeletal muscles of standardbred trotters of different aqes • 
J . 12:175-180.

ESS6N-GUSTAVSS0N,B.,L U N D S T R Ö M , K . ,L A R S S O N , G . ,LINDHOLM,A . ,NORDIN,A - C .,HAN S S O N , I .,and ^  
(1988): The effect during growth of moderate exercise on muscle metabolic characteu u i . iu y  yLw w ua wj. muucx.ciL.t; c A c i L j . d ui i  m u s c ie  m e t a D O iic  c n a i t,w. 
vivo and relation to meat quality and sensory properties. 34th I C o M S T , B r is b a n e ,27-30- ^ /

FITTS,K.H.,CASSENS,R.G. and KAUFFMAN,R.G . (1 9 7 6 ):Effect of exercise on porcine m u sd  
composition. J. Anim. S c i .42 : 8 5 4 -8 5 9 . . /

FOGD JORGENSEN,P. and H Y L D G A A R D - J E N S E N , J .P .(1975): The effect of physical training 0
m n c p l O r» T rm nnmvs/Nn i  .  » _ J    1 * r- >i n n

ft,

muscle enzyme composition in pigs. Acta vet. sca n d . 16.:368-378.

H A LE,0.M . ,NEWTON,G.L. and H A Y D 0 N , K . D . (1986): Effect of diet and exercis on performs*1̂ '  
traits and plasma components of growing-finishing barrows. J. Anim. S c i .62:665-67 1 '

i

H0NIKEL,K.0 . (1987):In Evaluation and control of meat quality in piqs (P .V .T A R R A N T j G-®
and G .MONIN,e d s . ) D u b l i n . 129.

M O R R I S O N , S .R .,H I N T Z ,H .F . and G I V E N S , R . L . (1968): A  Note on effect of exercise en 
performance of confined swine. A n i m . P r o d . 10:341-344.

pen*'iVJIof
/  «m

on y
/ j

M U R R A Y , D . M . ,B O W L A N D ,J .P .,BERG,R.T. and Y O U N G , B . A . (1974):Effects of enforced exerc*se aPd 
pigs: feed intake, rate of gain, feed conversion, dissected carcass compositioI1,
weight distribution. Can. J. Anim. S c i .54 : 91-96.

RiiLCKER,C.(1968): The influence of physical training and short-time physical stress jfi 
fluid loss, pH, adenosine triphosphate and glycogen of the gracilis muscle in P 1®

„ c° f

Scand. Suppl 24.
glycogen gracilis muscle

¡ r

SAS INSTITUTE I N C . (1985): SAS Users guide: Statistics, Version 5 Ed. SAS Institute in c*' /

onS K J E R V O L D ,H .,S T A N D A L ,.N . and B R U F L 0 T , R . (1963): Effect on one form of exercise 
development in pigs. J.Anim. S c i . 22 :458-462 . ,<ov

W A R R I S , P . D . ,KESTIN,S.C. and R O B I N S O N , J . M . (1983): A  note on the influence of rearing
on meat quality in pigs. Meat S cience.9:271-279.

Z E N I A , J . H . ,MURRAY,D.M. and B O W L A N D , J .P .(1974): Effects of exercise on p a l a t a b i l i ^  
characteristics of pork. Can. J.Anim. Sci . M s  191-195.

an0
c°"

\

106




