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of meat production continue
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hldemand a reduction of fat content

Pig Carcasses. In this contest

Ohgs

%bslderable interest has been
o ed by the possibility of acting
Su Metabolism, using pharmaceutical
Stances

nahl in order to restrict the

& ral tendency of the organism to
Osj 2

Qonslt lipids. The latest genera-

°f such drugs consists of the

~o
be Alleq repartitioning agents, mo-
g DFODerly called B-agonists. They

Cop neuFOtrasmitters and hormonal

Po L :
Moy UNds  ywhich have a chemical
g c i A
in ture similar to, and function

)|
ly.. "Ch the same manner as, catecho-
%Hmnes‘ B-agonists interesting for
am@ Production of the type

%WQ‘ to Stimulate B2 receptors or
Al

are

th@ receptors of the brown fat
H%b Membranes 1987;
The Dan, 19g7),
Mms lmpOI‘tant advantage of these
ammnénCes is the possibility of
%ed lstering them orally mixed with
e

& ..
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%St " of this research has been to
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gt Salbutamol, on heavy pigs
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(Timmerman,

such substances,

in this type of production
T® taken to higher weights and
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treatment lasts longer then usual.

MATERIALS AND METHODS

The study was conducted on 88 pigs
(Dutch Large White x (Dutch Landrace
x English Large White)), half ca-—
strated males and half females. The
were

animals divided into 4 groups

of 22 pigs each; 2 control groups
(1 castrated males
and, 2
ihe
of an average weight of approximate—
ly 30 Kg. A dry ad libitum feeding
regimen

and 1 females)
similar experimental groups.

groups were made up of animals

was employed. 2 ppm of sal-
butamol added to the feed of
the experimental groups. 2 experi-
mental pigs (1 females and 1 males)
died as

were

a result of normal rearing

diseases not associated with the
treatment.
The animals were slaughtered at a

mean live weight of 160 Kg after 208
days of treatment.

Carcass meat content was determined
20 minutes post mortem (p.m.) using
the Fat-o-Meat'er (FOM).

AER A5 oM

nosus muscle (SM) of the right thigh

a sample of semimembra-
was trimmed from the exposed musco-
lar surface. 3 to 4 g of muscle were
with Ultra
solution of 0.01 M
AR 726
ratio = 1/10) for

Sections

immediately homogenized
Turrax using a
Iodoacetic acid buffer
(muscle/solution

pH determination. of ap-
proximately 10-15 g were also taken,
cleaned of fat and visible connecti-—
ve tissue, wrapped in tin foil, im-

mediately frozen in liquid nitrogen

and stored at -70°C for glycogen,
glucose, glucose-6-phosphate and
lactic acid analysis (Dalrymple and
Ham, 1973; Fabiansson and Laser-
Reutersward, 1984; Monin & Sellier,
1985) .

Duplicate measurements were carried

out on each extract.
Colour of the freshly cut surface of

the SM was measured, at 45' p.m.




a Minolta Chromameter Reflec-
tance II CR100/08 Colormeter wit a
C-type light source (6774K) and ca-
librated with a Standard Gardner
pink tile n.CG6625 (Y=45.97 x=0.3658
¥=0.3250) .
each thigh.
A piece of lard was taken from a po-

using

4 measures were taken on

sition near the tail for analysis of
fatty
Aoy

acid composition (Madarena et
1987) out of 10 animals chosen
at random from each groups.
Proximate composition was determined
on samples of l.dorsi (7th rib; 200
g) obtained from 6 randomly chosen
carcasses of each group (A.0.A.C.,
1980).

at 48 h p.m. pH was again determined
by homogenising a sample of SM in

water. Colour was also measured at
the same time on the exposed surface
of SM after the thighs had been
trimmed for Parma ham production.

Colour and pH measures were carried
out on all animals, while the tests
for carbohydrate compounds were per-
formed on 10 animals from each group
selected in order to ensure an equal
distribuition among animals in which
pH values were either close or far

(plus or minus) from mean values

of the group.
All data were stored on a personal

computer and statistical analysis
was subsequently performed usin the
SAS (1985) statistical package.
Data presented in Tables are mean+

Standard Deviation. Comparison is

among the 4 groups on one side and

all the
all the control ones on the
other side. Different
letters stand for a difference si-

gnificant at the P<0.05 level.

oetween treated animals
versus

superscript

RESULTS

The four groups were of sufficiently

at the start of the
differences did

other hand, at the

similar weight
Some
the

experiment.
emerge, on
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end so that the final weight of the

was lower than Hie
This is confirmed P
mean daily weight gain wher®

treated groups
of controls.

the
differences are particularly evider
case of females. Total f€°
consumption and feed conversion rég

tio are substantially different fol”
wlth

treat®

in the

salbutamol treatment
consumption in the
associated with a higher co”
this regafd the
comparison between treated and o2
trol is particularly lntef
sting there is only a s1ig”
in body weight 1nCreas

feed consumption and ¢°
aif”

lowing
lower
pigs
version index. In
males
since
difference
whereas
version ratio are considerably
ferent. pav®
taken on
; e : > 1e3ﬂ
shown a significant increase 1P 5

content of treated animalS®

renc®
car
*h@ﬂ

Measures carcasses
meat
regards carcass weight, diffe
are not significant but treated
slightly 1lighter
control ones, just as was th€
of final live weights. No differe
observed in trimmed ths
Fat and thick"®
measurements obviously confiﬂnean
the quantity of N8
meat and show, in treated animal®’,

casses are

cﬁse

ces were

weight. muscle
servations on

reduction of approximately 6-7 i of
lard thickness an incred®

3-6 mm in muscle thicknesse.

and

: od
Post mortem glycolysis was stujsf
both form the qualitative poif and
rate (pH 45')1 o7
quantitative one, i'5 £he
(final pH). The former Sd3/
single parameter for P5 1fﬂ

while the latter is spe’ s
Fp risk’

view, its
the
tent
best
gnosis
for the evaluation of D hé”
regards pH at 45' no dlffefence and!
out among the grouP® ﬂ&
the data obtained & 539
show cases of post mortem gl¥yc° js
at faster rates than normal ev?ff(

1
of individual animals-e Dd i
inste?”’

ie€s
i.€e

ve come
moreover,

terms

rences were observed,




“Lth Variations in the repartition
gf Carcass lean and fat contents.

& the
Uatigp
i the
eanl’les
tr‘ea‘ced
Males)

other hand, subjective eva-
of trimmed thighs by experts
trade was one of excessive
in a good number of cases of
subjects (especially in fe-—
if viewed in the contest of
ama hap production.

€ data for pH and carbohydrate

Co
irf‘DOUnds exclude PSE type phenomena
the

Wﬁth groups of animals studied,
ovey. eP- control or treated. More-
mms’ 1t seems that this treatment
Pigy Not bring about an increased
fon of PSE. Different considera-
}mnds must be made, on the other
d&m’ for final pH as a certain ten-
VM“Z Wés observed towards higher
. S in the treated animals, to

MFDE;tent that in some cases a risk
I 4 .Could envisaged.
his research salbutamol feeding
Stopped 36 hours prior to slau-
*T while a withdrawal period of 3

Was

q

@iis N the case of cimaterol (Beka-
Sﬂbut al.,1987) and of 4 days for
bt amol (Cole et al., 1987) has
behah Sufficient for final pH to
re to normal. The phenomenon he-

£ ObServed, though, was sufficien-
beg limiteq
Ction

so to enable a further
by means of suitable pre-
management procedures. It
noted that
it would be
type of DFD. The
Parameter, in

in cases of
an unconven-—
reduction of

fact, would
1muént the appearance of a dark co-
s While leaving the chara-
Ay _ °F firm and dry unaffected.
h&mmab &S colour is concerned lite-

%han On  this topic reports no
Wit‘es Of L.dorsi in swine treated
Moy T28onists other than salbuta-
31“ lgones et al., 1985; Moser et
Shoyy o 003 Wallace et al., 1987). It
Svay be stressed, though, that the

atj ! :
the on  was a subjective one. In

Only

Case 1in which colour had
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been objectively measured with a
Labscan II (Bekaert et al., 1987)
the value of a* (L.dorsi) was signi-
ficantly lower in cimaterol treated
animals compared to
though the
marked than in the present research.

control, even

differences were less
Considerations concerning colour may
be connected to muscle histologic

features. Cantoni et alL. (1985) nhave

performea myoripbers typing on sam-
ples of longissimus dorsi of the sa-
me pigs

and have

employed in this experiment

opservea an increase in tne

relative content or type I1B myofi-—

bers 1in treated animals and an in-

crease of the diameters of ali fi-

bres but particularly o1 type I.B
fibres. Observations o1 thnis kina
seem to proviae a valid explanation

of what has been observed as regards
It has to
though, that in the
research salbutamol feeding

the a* and b* coordinates.
be remerbered,
present
began at 30 Kg live weight and went
on for a period of 208 days until a
weight of 160 Kg on average was rea-—
ched. with
light pigs started at initial weight
range of 30-60 Kg to end at final
weight of 100-110 Kg for a total pe-
riod of between 50 and 100 days. The
substantial time difference may well
be  the
such as

Similar experiments

cause of unwanted phenomena
the
the colour of meat.
ihe
with
composition
not provide any particularly new in-
formation. The quantitative reduc-
of fat laid down briught about
an increase in the relative content

observed reduction of

variation induced by treatment
the fatty acid

of subcutaneous fat did

salbutamol on

tion

of linoleic acid in treated animals
the
of collagen (from the

as expected. However, higher
concentration
tissue matrix of adipose
tissue). in the backfat

may help to compensate for the

connective
of leaner
pigs
higher linoleic acid content of the-




final pH values though they were si-

gnificant only for the mean value of
the taken together
versus the treated ones. This pheno-

control groups

menon suggests that treated animals
GHe

slaughter with lower muscular energy

may well get to moment of
reserves than the control ones. This
may give rise to cases of DFD meat.
By convention meat is considered DFD
if final pH is higher than 6.20. In
this case only two males (one having
a pH of 6.21) and two females would
The

of compounds making up

be classified in this manner.
distribution
the

confirms

glycolytic pathway essentially
what has been observed for
pH values. Glycogen and glycolytic
potential values of the female con-
trol group suggest higher energy re-
compared to the

the hand

noting that the control males

serves as other

groups. On other NGNS
worth
values are much the same as those of
the treated males and femaies.

Surface colour measurements allow
further

L¥ values

interesting considerations.
did not show significant

variations at 45' while at 48h the
group of control females had a mean
value significantly lower than that

of the control males. More definite

variations among the groups have
observed

The
cant differences for both a* and b*,
at 45' and at 48h, between the trea-
ted

ment,

been as regards a* and b*

parameters. data show signifi-

and the control groups. Treat-

therefore, brought about an
undoubted reduction in semimembrano-
sus muscle colour intensity as mea-
sured by the a* and b* coordinates.
The

sions at the time of slaughter.

results confirm. visual impres-

L.dorsi muscle proximate composition
did the
only being

not show marked changes;
significant difference
control and
Thexe

to be a trend towards a hi-

water content between

treated animals.

though,

appear,
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onten®

gher protein and a lower fat C 5
wa

in treated subjects. L.dorsi J
poor in fat content in control pif

e
it has not been i

and
y 4 5ibl?
emphasize PpoS

best choice to

therefore,

changes in composition.
The observed in lard fatt
acids, as expected, regarded 2 very
limited number of
unsaturated fatty acids with 18

changes

il
car”
S
atoms. As for individual gfoupm
0

females did not diffef i

g
the treated ones whereas control mh
(thou?

compounds

bon
control
les showed more oleic acid
not significant), less linoleiC aCe
and more linolenic acid tha? f
treated ones.

g
Considering the sum of control v

sus treated pigs, salbutamol 9
caused an increase in linoleiC acﬂ
and a decrease of linolenic aCid'ed
overall terms treated animals sho¥
a higher content of polyunsaturaer
fatty acids and, therefore, 2 hig%d
ratio between polyunsaturated 2
monounsaturated acids.

DISCUSSION e

Breeding performances confirmed 5
results of other similar expefimmzﬂ
conducted in other countrié® a6
light pigs with the same cO™P’
(Cole et al., 1987) and with Otal,
B-agonists (Jones et al., 19875 g7
lace et al., 1987; Van Weerden’l,ht
A reduction in mean daily Yele/
gain was observed (especially a4 o€l
males) associated with a lowe’ o
a higher feed 48
Salbutamol < in
increas® o ?

consumption and

version ratio.
brought about an
lean meat content of carcassé® aty
corresponding reduction of Subciwr
neous fat deposits without Subsjﬂh
tial or ¥

weight.

changes 1in carcass
In overall terms,

. £fe
the not significant dif pa?

given
. ; . ngs
ces in carcass weight, saviP® pﬂpﬂ
) 4 m
been achieved in feed cons™ b

t
without affecting body &roY




Se 5
Y AMimals as far as fat softness is
0

NCerned (Enser et al., 1984).

CONCLyS ToNS
Feedin

s g of pigs with 2 ppm of salbu-

4 2:1 from 30 to 160 Kg has induced
. -Crease in mean daily weight gain
DtioZemales, a lower feed consum-
» an improvement in the feed
Wersion ratio, ne signifiicant
Mges in carcass and trimmed thigh
mea » a higher meat -content of
QOUSSSGS , a decrease %n subcuté—
Orsa fat cove? and an increase in
m{and Mmuscle thickness.
Nagy, glycolytic potential determi-—
Drp N has shown a higher risk of

1N treated animals, while semi-

memb

ﬁ_ranOSUS colour was lower. Lino-

£ C_ acid content of subcutaneous
Ncregsed.

R
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Table 1:

Females Males
Control Ireated Control Treated
Weight (Kg) initial 28.18 28.22 29.58 29.27
final 164.27 15733 164.36 160.76
Daily weight gain (g) 650 610 640 630
Total feed cons. (Kg/head) 568.18 494,32 56591 492.05
Feed conversion ratio 418 Beoo 4.20 S8 74
N.B.: Data are group values, therefore no statistical analysis ha
performed.
Table 2: Carcass parameters: meat content (%), cold dead weight (Kg),
thigh weight (Kg)
Meat content Dead weight Thigh weight
Females Control 46.46+3.88 ab 133.05+15.19 a 13.34+1.27 a
Treated 46.9543.28 a 129.62+13.17 a 13.36+1.34 a
Males Control 45.65+2.70 b 136.00i12.69 a 13.06+1.22 a
Treated 49.02+2.35 ab 131.19+13.98 a 13.38+1.54 a
AL Control 46.06i3.33 b l34.52i13.9l a 13'20il‘24 a
Treated 49°34i2‘83 a 130.40113.44 a 13'37i1'43 a
Table 3: Fat and muscle thickness (mm) as measured by F.0.M.
3-4 LV 3-4 LR (fat) 3-4 LR (muscle)
Females Control 32'32i7’52 ab 33.27+8.89 ab 61.27i6.l7 b
Treated 26.67i6.38 c 27.33+7.47 b 67.24+8.18 a
Males Control 33.50+5.40 a 35.05+6.43 a 59.77+4.64 b
Treated 27.62+4.59 bc 27.62+5.73 b 62.86+6.04 ab
AL Control 32.91+6.49 a 34.16+7.72 & 60.52+5.45 b
Treated 27.14+5.51 b 27.48+6.58 b 65.05+7.44 a
Table 4: pH values at 45' and 48h post mortem
pH 45" pH 48h
Females Control 6.65+0.12 a 5.76+0.14 a
Treated 6.71+0.17 a 5.89+0.30 a
Males Control 6.66+0.12 a 5.79+40.19 a
Treated 6.68+0.15 a 5.85+0.23 a
All Control 6.65+0.12 a 5.77+0.16 b
Treated 6.69+0.16 a 5.87+0.26 a

Breeding performances: Initial and final live weight, mean daily

weight gain, total feed consumption, feed conversion ratio
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Table 5: Glycogen, glucose, glucose—6-phosphate, lactic acid and glycolytic potential

Glycogen Glucose Glucose-6-P Lactic acid Glycolytic Pot.

Females Control 2.40+0.53 0.15+0.04 0.05+0.05 a 1.59+0.30 a 6.78+0.90 a

Treated 1.86+1.08 0.10+0.07 a 0.04+0.06 a 1.70+0.67 a 5.69+1.75 a
Males Control 1.72+0.51 0.16+0.05 a 0.08+0.08 a 1.7440.49 a 5.67+0.68 a

Treated l.95i0;81 O.lOi0.04 a 0.0Si0.09 a l.59i0.49 a 5.7911.33 a
All Control 2.1140.61 0.15+0.05 a 0.06+0.06 a 1.65+0.39 a 6.30+0.97 a

Treated 1.90+0.92 0.10+0.05 b 0.04+0.07 a 1.64+0.57 a 5.74+1.50 a
Table 6: Colour measures

45' p.m. 48h p.m.
L * a * b * iy ar b *
E; Females Control 40.34+1.34 a 6.30+0.55 a 2.52+0.58 45.,58+2.57 b 7.86+0.85 a 4.82+0.91 b
8} Treated 40.06+1.97 a 4.87+1.38 b 1.87+0.40 47.06+3.22 ab 5.66+1.88 b 3.63+1.23 ¢

Males Control 41.00+1.34 7.07+1.16 a 2.57+0.54 a 47.97+42.85 a 8¢55+1.71 a 5.86+1.23 a

Treated 41.30+1.86 5.14+0.85 b 2.38+0.60 a 47.54+2.24 ab 5.69+1.10 b 3.94+0.75 bc
All Control 40.65+1.36 6.69+0.98 a 2.54+0.55 46.78+2.94 a 8.20+1.38 a 5.34+1.19 a

Treated 40.68+1.99 5.00+1.14 b 2.12+0.56 47'3Oi2'75 a 5.67+1.52 b 3.78il.02 b
Table 7: Proximate composition of L.dorsi muscle (% of fresh weight)

Water Protein Fat Ash

Females Control 75.58io.50 a 23'05i0'49 1.73+0.37 a 1.12+0.04 a

Treated 74.78+0.83 a 23.66+0.89 a 1.61+0.37 a 1.10+0.03
Males Control 75.12+0.80 a 22.,98+0.65 a 2.26+0.36 a 1.13+0.04

Treated 74.36+0,64 a 23.63+1.04 a 1.84+0.59 a 1.11+0.04
A Control 75.35+0.68 a 23.01+0.55 2.00+0.45 a 1.13+0.04

Treated 74.57+0.74 b 23.65+0.92 a 1.72+0.48 a 1.11+0.083




Table 8: Fatty acid composition of subcutaneous fat

Cl2
Cl4
Cl16
(eallsi3l
€17
Cilszes d
C18
€18:1
C18:2
€1853
C20
C20:2
C20:4

Saturated
Unsaturated

Monounsaturated
Polyunsaturated

Sat./Unsat.

Polyuns./Monouns.

Control

0.08+0.03
142640, 21
22.37+1.71
2.23+0.33
0.3040.17
0.39+0.38
11.94+1.33
42,41+1.71
15.39+1,72
0.98+0.28
1.05+0.32
0.79+0.36
0.70+0.51

37.00+1.74
62.90+1.74
45.04+1.71
17.86+1.95
0.59+0.04
0.40+0.05

FAOJE E J (JN  VI C JR s VRV 0V
o

OO o O

SV VIR VIR I B o))

Females

Treated

0.07+0.01
1.23+0.15
22.02+0.76
2.39+0.25
0.34+0.12
0.35+0.10
11.45+1.10
42.45+1.83
16.05+1.44
1.00+0.20
1.13+40.13
0.81+0.16
0.61+0.23

36.23+1.25
63.66+1.23
45.19+1.81
18.47+1.33
0.57+0.03
0.41+0.04

AT OB I VN VR R B

o)
o

O O o O

AV R O VR B

Contral

0.09+0.03
1.2440.17
22,29+1.23
2.19+0.49
0.27+0.20
0.30+0.19
12.62+1.03
41.67+1.54
14.68+1.64
1.44+0.31
1.45+0.58
1.00+0.41
0.46+0.20

37.95+1.49
61.74+1.45
44.17+1.75
17.53+2.06
0.62+0.04
0.40+0.06

Males

A R VR (U U R

IV R U e

Treated

0.08+0.02
1.29+0.14
22.45+1.04
2.3240.39
0.28+0.05
0.38+0.22
12.69+1.83
39.83+1.76
17.07+1.48
0.97+0.18
1.21+40.13
0.84+0.26
0.47+0.24

38.00+1.95
61.89+1.97
42.54+1.76
19.35+1.55
0.62+0.05
0.46+0.05

OO O T TP DO DL D

AV (R OV © S I )

Control

0.08+0.03
1.25+0.19
22.34+1.50
2.22+0.40
0.29+0.18
0.36+0.31
12.22+1.24
42.,10+1.65
15.09+1.69
1.,17+40,37
1.21+0.48
0.88+0.39
0.60+0.42

37.40+1.68
62.42+1.70
44.,68+1.74
17.74+1.95
0.60+0.04
0.40+0.05

AV I ©

T o T P PP

All

Treated

0.08+0.02
1.26+0.14
22.24+0.92
2.35+0.32
0.31+0.10
0.37+0.17
12.10+1.62
41.08+2.20
16.59+1.52
0.98+0.19
1.17+0.14
0.82+0.22
0.54+0.24

37.16+1.85
62.73+1.85
43.80+2.21
18.93+1.48
0.59+0.05
0.43+0.05

P PO PP DD DL PP

PO PP O P
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