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INTRODUCTION
pH is a very important characteristic of meat, since it influences many technological or organoleptical Pﬂme;f
ties : waterbinding capacity, tenderness, colour, keeping ability. Muscle glycogen depletion due to preSlaugﬂwV
stress reduces post-mortem acidification of the muscle tissue during rigor mortis onset and leads to an abﬁoﬂym
ly high pH in meat (see LAWRIE, 1966). In cattle, in vivo glycogenolysis is believed to be produced eSSentlZ
adrenaline hypersecretion (HEDRICK et al., 1959 ; LAWRIE, 1966). However adrenaline injection and phySical 4)

psychic stress do not have identical effects on ultimate meat pH in the lambs : in fact FORREST et al. (! Z 05"
observed that adrenaline injection had a more pronounced effect on the Longissimus dorsi ultimate (48 hourseawr
mortem) pH than on the Rectus abdominis ultimate pH, but the difference between the two muscles was much gfewﬂe
when the stress that the animals withstood was exhausting exercise or frightening by a dog (see table 1)- cep
also able to verify similar differences between effects of adrenaline and transport stress in some other shdoﬂﬁ
muscles (table 1). BENDALL and LAWRIE (1962) (cited by LAWRIE, 1966) found that noradrenaline, even iﬂlarge
did not affect ultimate pH of the meat when injected before slaughter in the rabbit. However o effects 9% mué

-

s 8 S : . g . : n
catecholamines could induce modifications in the muscle glycogen metabolism, by modifying the blood flow ;ckwgo
cles and thus changing nutrient and oxygen supply to muscle tissue. LISTER et al. (1970) showed that © bltu w;
At of
agents modified glycolysis at slaughter and immediately post mortem in pigs. We designed experiments i suendY
effects of a or B adrenergic blocking agents on glycogen metabolism during preslaughter stress and subsed
the pH of the meat, in lambs.
MATERIAL AND METHODS
1 - Animals
1
. qen?
imé
The animals, all male Limousin breed lambs, were bought from two farms two to four weeks before the efpéiumy
and then fed with concentrate (cereal and pelleted hay - about 0.5 kg per animal per day) and hay (ad llblsibﬁ
Each experiment involved animals from a single farm, and genetic origin (ram) was balanced as much as poe
between experimental groups.
2 - Experimental design s
Wwe
Experiment 1 : fourteen 6 month old lambs were allotted to three groups. The day before the experiments with
transported by truck from the farm to the meat laboratory (1 km from the farm). The animals were fitted ¥ aﬁ

polyethylene catheter (length : 60mm ; diameter : 2 mm), in the jugular vein, to facilitate blood Samplﬂgow
intravenous injections. The following morning, blood was taken from each animal by means of the catheter}ﬂkﬂ
animals were then slaughtered without other treatment. Five out of the 10 remaining lambs received a ¢ l.ds 1B
(Hygergine, Sandoz laboratories) injection (0.09 mg/kg liveweight). Hydergine , a mixture of three alcaloiﬂapf
extracted from rye ergot, blocks the action of catecholamines at the o adrenoreceptors and prevents ﬂorad' “i
release by sympathetic nerve endings (VON EULER and LISHAJKO, 1966) . The 10 lambs were then transported e ﬂa&
After 2 hours of transport, a 30 minutes stop allowed blood sampling of each animal to take place, then 5 £he i
resumed. Transport plus stop lasted exactly four hours. Blood was again taken from each animal just aftéryﬂmﬂ'
of the trip. The 10 animals were then slaughtered within 90 minutes after the end of transport, injecte® 7l
being alternated with non-injected ones. Control animals were killed in the morning, between 10 and 11 6'501¢/
transported ones in the afternoon, between 2 and 3.30 p.m. Animals were referred to as follows not tranﬂw i
as "control" ; transported without Hydergine injection as "transported control" ; transported with Hyderg |
jection as "transported treated". C&y
e,
Experiment 2 : fifteen 10 month old lambs were allotted to three treatment groups. Experimental design wasemfdag
the same as for experiment 1, except that there were five "control' animals, and that the "transported. rﬂpﬂwaﬁ
animals were injected with the B blocker propranolol (1 mg/kg liveweight) instead of Hydergine. The injec aﬂne
not repeated as it was for Hydergine, after two hours of transport. Propranolol blocks the effect of adr®
the B adrenoreceptors.
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3 - Slaughter, muscle sampling and analytical techniques P
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Animals were killed by severing all major neck veins and arteries. Between 15 and 20 minutes aft
ples were taken from Rectus abdominis (RA), Pectoralis profundus (PP), Semitendinosus (ST) and SuprasP>
muscles and from the liver (in three standardized locations) and were put into liquid nitrogen and kept wefeiﬂp

(- 20° C) for subsequent glycogen and lactic acid determinations. 60 minutes after slaughter, carcasse® ¢he ///
tingd 3

into a + 10° C room. 24 to 26 hours later, pH was measured using a Radiometer 29 pH meter and inser Wi =
electrode into the intact muscle tissue on the Longissimus dorsi (LD), Adductor (A), Semimembranosus (5 p8 &aﬂ
femoris (BF), Triceps brachii (TB), Psoas major (PM), Infraspinatus (IS), SS, PP, ST and RA musclese- Thzﬂefsm’
obtained was referred to as ultimate pH. Frozen samples were ground in a Waringblendor (for liver, the wef@
ples were mixed). The freezing was maintained during grinding with liquid nitrogen. 2 g of muscle Powde{ 29pﬁﬂf
mogeneized in 18 ml 0.005 M sodium iodoacetate and pH was measured in this homogenate using a RadiomeC?l 3 i

rmin€

meter. 3 g of muscle powder were homogeneized in 25 ml 0.6 M cold perchloric acid. Glycogen was dete
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xtewoz this homogenate according to the technique of DALRYMPLE and HAMM (1973) with minor modification. Homoge-
A Q@ct Neutralized by 3 M K2c03 filtered, and lactic acid was determined in the filtrate (HOHORST, 1963). To

%idlevg Ycogen values for the loss due to post mortem glycogenolysis between death and sampling time, lactic

FI énzl Was added to the glycogen level as measured at sampling, and the sum referred to as "muscle glycogen"

“MOQQ ¥ONIN, 1979) . Liver glycogen was determined in a homogenate of 5 g of liver powder in 25 ml 0.6 M per-

o 8Cid, using the technique of DALRYMPLE and HAMM (1973) with minor modification.
Qg

q a
ﬁ?n cEitd?PrOteinized immediately after sampling by addition of two volumes of 0.6 M perchloric acid and subse-
UmER Tifugation. Lactic acid and glucose were determined in the supernatant (respectively HOHORST (1963) and
(1969) methods) .
Sy
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AND pIscussion
I
T Effect of the a blocking agent
2 Spo
g Tt
& s°wn istress alone increased blood glucose (P < 0.01 at 2 hours) and lactic acid (P < 0.05 at 2 and 4 hours),
H: tree Titig, 4., Glycogen level was decreased by transport stress alone in PP, ST and SS muscles (P < 0.05 in
tfimc q Muscles). Ultimate pH increased significantly in SS (P < 0.01), IS (P < 0.01) and A (P < 0.05) muscles.
%Qacid dycégen was not affected by transport treatment alone. Hydergine injection prevented a rise in blood lac-
LTS Uring transport stress (P < 0.05 at 2 and 4 hours) but not hyperglycemia (fig. 1). Hydergine had no ef-
Yang € muscle glycogen mobilization nor on ultimate pH of any muscle (Fig. 2). Liver glycogen level was lower
W POrted treated" animals than in "control™ animals (P < 0.05) (Fig. 2).

o

ve,J8e
igl& Zi:ie in lactic acid blood level due to Hydergine injection could be explained by reduced muscle glycogeno-
%rdrop mie 9glycogen levels were similar in "transported treated" and in "transported control" animals. Instead,
- fectghF be due to an increased lactic acid uptake in liver as a result of the a blocking agent's vasodila-
%dlng : lflnhibition of hepatic, splanchnic and peripheric vasoconstriction allowing a better blood flow) . Sur-
lver glycogen was lowered in "transported treated" animals, since glycogenolysis in liver is control-

4

Q?d :deCts (ADNIT, 1969). We were indeed able to verify that Hydergine prevents liver glycogenolysis pro-

Qqntta in;?néline perfusion in lambs very efficiently (unpublished results). The inefficiency of o blocking

UWEQ o ibit in any extent muscle glycogen mobilization during transport stress indicates that o effects of
RIE ( ines do not play a major role in DFD meat occurence in lambs. This agrees with the report of BENDALL and

19
62) that noradrenaline is not able to produce DFD meat.

I“ex Bffect of the B blocking agent

(» “Perjy

éf Qg;mszt 2, transport stress alone increased blood glucose (P < 0.01 at 2 and 4 hours) and blood lactic acid

%35 b b 4 hours), as shown in fig. 3. Liver glycogen was similar in "control" and "transported control" ani-

°%s“mreaszgc}e glygogen decreased in PP (P < 0.05) and SS (P < 0.01) muscles of the latter (Fig. 4). Ultimate pH

5@ of i in ss {(p < 0.01), IS (P < 0.05), TB (P < 0.01), PP (P < 0.05), ST (P < 0.05) and BF (P < 0.05) mus-
ang 5 Atransported control", compared to "control" animals (Fig. 4).

@% 040 b ;n]ection had no significant effect on blood glucose level, but blood lactic acid level tended to les-

x%l < 0.05) in propranolol-treated animals (fig. 3) compared to "transported control" ones. Glycogen

thy S€ due to transport stress was prevented by B blocker injection in SS muscle (P < 0.05) and to some

hh? muSClP muscle (0.10 < P < 0.05) (fig. 4). Ultimate pH was lower in SS, IS and TB muscles (P < 0.05 in the

kﬁnﬁbrtees) of "transported treated" animals, compared to "transported control" animals. Il was similar in

de
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a n

Qlwa treated" and in "control" animals for all the muscles under investigation (fig. 4). Liver glycogen
& OWer (p < 0.05) in “"transported treated" animals than in "control" ones.
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Yo Sh §
ESSonlt reducedglycogenolysis markedly in muscles, propranolol affected blood lactic acid increase due to

%

LQ: Ptioy to a small extent. According to LABORIT (1972) this could be explained by a decrease in tissue oxygen

?knﬁu SungUG to inhibition of adrenaline's vasodilatory effect (B effect) : this yould lead t? a vaso;onstric—

Q. " in br €quent hypoxia, increasing anaerobic glycolysis and lactic acid production . Depletion of liver gly-

I%ZDQQE ?pranolol—injected animals could be due not only to a reduction in blood flow in the liver, but also

Q%)"ncrLaI%Zation by the B blocker of the a effects of catecholamines in the liver (BOISSIER and GIUDICELLI,
ted a ,easlng liver glycogenolysis. This agrees with the trend to higher blood glucose level in propranolol-
imals than in "transported control animals (although the difference is not significant).
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%% Am\‘ﬁs‘- (1973) reported an increase in ultimate pH in meat from ewes that had been injected with propranolol

- R . : E : !
q“eshtwe vewelght, as in the present experiment) 60 minutes before slaughter. However, they let their animals

‘%n:pﬂncen injection and slaughter, and this difference in preslaughter treatments may be responsible for the
lag

iy N py between their results and our own results. ASHMORE and coworkers found that propranolol was very effi-
WQ Eteventing meat pH increase due to adrenaline injection in sheep (ASHMORE et al., 1973 b) and in cattle
%, —3al., 1973 a).

d m‘i indicate that B effects of catecholamines play a predominant role in muscle glycogen mobilization ob-
' si:g transport stress in lambs. However catecholamines probably éct‘syyefglstically with other uﬁknown
& ety nCe adrenaline and transport stress effects are not identical in lnd%V}dual myscles, as note@_ln the
f%r anp Muscular exercise probably plays no role in our experimental conditions, since, as we could obser-
ﬁ% S, Mus Were generally very quiet during all the transport treatment, and they had only short walks (a few
;Q%LbandSCle metabolic type could have a great influence on muscle reaction to transport stress. For example{

lng " See muscles which are sensitive to adrenaline and rather insensitive to transport stress (1ﬁ our condi-
9@ to Ag table 1) could be classified as predominantly composed af "fast-twitch-red" fibers (or aR fibers accor-
f%" Sh@i ORE and DOERR, 1971) according to histochemical (LACOURT et ARNAL, 1974) and biochemical (TALMANT,
4@.(Tmmm;8. On the other hand, lamb TB and IS muscles, which may be considered to be predominantly "slow-twitch-
} L, 1979), are, likewise, sensitive to stress or adrenaline (table 1). The differential response of in-
Edu Sctles to stress or adrenaline could thus be related to differences in enzymatic equipment. Moreover, it
%1thFO different changes in blood flow during stress, since REISand WOOTEN (1970) showed that blood flow
lvely in white muscles during excitement in cats.
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MUSCLES 2
. aty
Workets Teeatyeats Number of Longissimus Rectus Adductor Triceps Infraspi?
animals dorsi abdominis brachii 44—_-—_—”////4
FORREST Control 4 5.54 6.06
et al. Exercise (treadmill) 4 553 6.90
Exercise (dog) 4 5288 6.87
1964 Adrenaline (intra-
muscular) 4 6.12 6.98
For experimental details, see FORREST et al., 1964) __,/’1
i 70 1 ‘
MONIN Control 5 5.60 6.0 5.60 5.70 5-40
and ITransport stress (a) 5 5.70 6.20 5.80 6.40 6- : ‘
GIRE pdrenaline (b) 5 6.30 6.90 6.20 6.30 6.2 ‘
s
LAMB !
Table 1 : COMPARISON OF EFFECTS OF STRESS OR ADRENALINE ADMINISTRATION ON MUSCLE ULTIMATE pH IN VARIOUS sl$ﬂhw
a = four hour transport by truck before slaughter b = intravenous infusion for 4 hours befor€
Glucose mg/1 Lactic acid g/1
1 0.5 Figure 1 : INFLUENCE OF HYDERGINE OF
ADMINISTRATION ON EVOLUTION 1C
BLOOD GLUCOSE AND BLOOD LA i
ACID DURING TRANSPORT STRES
IN LAMBS
0.5 -0.25 1
O—=@ glucose YO transported contr®
"
Ye---k lactic acid K@"transported treat®
hours n = 5 lambs in each group
0 ) ] T 0
0 2 4
Glucose g/1 Lactic acid g/1
N
1 3 0.5 gt
Figure 3 : INFLUENCE OF PROPRANOLOL OSE AN%
ON EVOLUTION OF BLOOD GLUCY” cp0
BLOOD LACTIC ACID DURING T
STRESS IN LAMBS
"
§ 4%
0.54- L0.25 O——@ glucose YO"transported cont
ged’
Y& ---% lactic acid X®"transported tre?
n = 5 lambs in each group
0 hours
0




Myg
}M/CIE leCoge i
9 £y n Liver glycogen

€Sh tissye }LM/g fresh tissue pH
p—
6.5 I
504
= 200
r——
I
/ 1
1
’ 1
|
| % 6.0
i _ 100

muscles

RA PP sT SS Liver LD A SM BF ST TB PM SS IS PP RA

Fy
fire 2 INFLUENCE OF HYDERGINE ADMINISTRATION BEFORE AND DURING TRANSPORTATION ON

GLYCOGEN MOBILIZATION AND MEAT pH CHANGES DUE TO TRANSPORT STRESS IN LAMBS
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INFLUENCE OF PROPRANOLOL INJECTION BEFORE TRANSPORTATION ON GLYCOGEN MOBILIZATION AND MEAT
PH CHANGES DUE TO TRANSPORT STRESS IN LAMBS (n = 5 lambs in each group)

‘ control

"transported control" = @= =—==—- "transported treated"






