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INTRODUCTION

€55,
Handling of animals before slaughter is of great importance for the meat quality. When animals are eXPOSed “I);.trm he
their muscle glycogen stores become depleted. A low glycogen content in muscles results in a high ultimate P Warrss
meat. This quality effect -- known as dark cutting -- reduces shelf life, especially for vacuum-packed meat (

1992).

i fef,
The National Food Administration in Sweden has drawn up new directives regarding meat inspection at,smughand
requiring that slaughter should take place only in approved slaughterhouses. These directives also cover rein orwd
consequently, many of the out-door slaughter sites will be closed and the numbers of reindeer that have to be transp

will increase.

ort
Reindeer are often exposed to several stressful situations preceding slaughter, such as rounding up, driving, tranSPi .
and long lairage times, circumstances that contribute to glycogen depletion and can consequently affect meat 4 ¢s
However, our knowledge in this context is very limited and further studies on the interactions between handling e ent
and quality of reindeer meat are therefore needed. The purpose of this investigation was to study the glycogen v find
in reindeer muscles during transport and lairage. In addition, several blood metabolites were screened in order 5

a physiological link between muscle and blood analyses.

MATERIALS AND METHODS

g0l
Seventy reindeer cows and calves were included in the study. Blood samples were collected at exsanguman.on'r‘g),
frozen in liquid nitrogen (-196°C) after 10 minutes at most. Samples from three muscles, m.triceps brac® liq“id
m.longissimus dorsi (LD) and m.biceps femoris (BF), were taken 30 minutes after slaughter and frozef! u;iswere
nitrogen. Ultimate pH was measured 30 minutes post-mortem. During Marc, 1992, two different reindeer her!
studied according to the following experimental design:

e

A small group of animals were rounded up and driven to the corral and slaughtered directly. The remamdergffmis
reindeer selected for slaughter were transported by lorry to the slaughterhouse (Tottes Slakt AB, Harads). H (WO
group of animals were slaughtered directly on arrival at the slaughterhouse. The remainder were allowed to rest foherdS
days and they were fed hay and water ad lib before slaughter in a corral close to the slaughterhouse. The tW0 jo
investigated had very long transport distances to the slaughterhouse (more than 500km). At each slaughter o of
muscle and blood samples were collected from five male calves and five cows. The study also included 8 grovP
calves which were given supplementary feed for six months at the University of Agricultural Science, Uppsal®

Glycogen determination in muscle samples

o
that aoznvi‘s;d

The muscle samples were freeze-dried for 24 hours and then put under a dissection microscope SO
tissue, fat and blood could be removed. Glycogen analyses were performed on 1 to 2mg of muscle tissue
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Passoneau, 1973).

Blood metabolites

The plasma samples were analyzed in a " quick' analyzer "Analyst" (duPont Company, USA) and then the following
cmpponents were measured: alkaline phosphatase, gamma-glutamyl transpeptides, aspartate aminotransferase (ASAT),
tlaine aminotransferase, urea nitrogen, glucose, calcium, cholesterol, triglyceride, uric acid, creatinine, bilirubin and
tota] protein. In the following we have chosen to present urea, ASAT and creatinine, as these metabolites were most
closely correlated to pH-value and glycogen content.

PH measurements

The ultimate pH-values were measured with a KNICK Portamess 651-2 pH-meter (Knick Elektronische Messegerite
)G(mbH & Co., Germany) equipped with an INGOLD (Ingold Messtechnik AG, Switzerland) electrode (LOT 406 M-6
Crolyt).

Statistica analyses

The effects of herd and treatment were estimated simultaneously by the method of least-squares analysis using the GLM
aro@ure within the Statistical Analysis System (SAS Institute Inc., 1989). The two-way interactions were tested, but
ere included only when significant. In addition, an analysis was made within each herd.

RESUL TS AND DISCUSSION

iITlhe results from each herd are presented separately as the animals in each herd were treated differently and also differed
Physical condition (Tables 1 and 2).

Herq |

:heaﬂlﬂlals from herd 1 were not given supplementary feed and were therefore not in optimal physical condition. No
% flmﬁcant differences (P>0.05) in glycogen content could be confirmed between the different treatments. Ultimate pH-
t Ue for the calves which had been waiting two days to be slaughtered were higher than in calves receiving the other
inea“nems. The urea values decreased during transport and lairage for both cows and calves, while the ASAT values
Creased, Creatinine values decreased for the cows and showed no differences between treatments for the calves.

Herd 2

T?e reindeer calves from herd 2 were fed a commercial feed mixture (Renfor) for two months before slaughter.
noy‘fog?n content in the muscles was slightly higher in this herd than in herd 1, probably due to the feeding. There were
s Significant differences in either glycogen content or pH-value between different treatments. The urea values increased

ghtly during transport and lairage while the ASAT and creatinine values showed no differences between treatments.

Reindeer slaughtered at the University of Agricultural Science

3‘:;3 energy status of the reindeer calves slaughtered at the university was very good, as reflected by the high glycogen
Ues in all muscles and also in the low ultimate pH-values (Table 2). The glycogen content was significantly higher
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in this group of animals than in calves from both herds 1 and 2. The values of the blood metabolites were low indicati’é
that the animals were calm during the handling routines before slaughter.

The muscle glycogen levels observed in non-fed reindeer in this study were much lower than those found 1 ogﬂslgr
species such as pigs (Essén-Gustavsson et al., 1980), horse (Lindholm et al., 1974) and bulls (McVeigh et ?l" e
Wiklund et al., 1990). The fed reindeer calves from herd 2 -- and especially those slaughtered at the university - o0f
glycogen values comparable with glycogen values in cattle. The animals from herd 1, on the other hand, P
glycogen stores and also high ultimate pH-values.

0
Essén-Gustavsson and Rehbinder (1974) found low glycogen content in m.semitendinousus from reindeer exP‘,)Sedﬂ:c
different stress factors. These factors were controlled. They consisted of manual handling and restraint urié he
sampling of blood and muscle biopsies, chase and physical exercise for two hours and recapture with lasso. V¥ e,
animals were resting or ruminating in a corral at a reindeer station, the same authors (Essén-Gustavsson and Rehbi?™%
1985) found a higher glycogen content in m.semitendinosus. Reindeer slaughtered between October and Mare

Finland had low glycogen values and high ultimate pH in m.vastus lateralis (Petdj, 1983).

0
From the above studies, it seems that reindeer in good physical condition have enough glycogen in their {nuSCIGSt
guarantee ultimate pH-values within the optimal range. These animals are better prepared to tolerate various 5 a0
factors such as manual handling, lorry transport and lairage. However, reindeer are normally in their best condm‘;iblc
early autumn. During the winter, they often lose weight (both fat and muscle) and will therefore be more S 10
to stress factors leading to impaired meat quality. To give the reindeer supplementary feed during the winter gret
be a good way to improve their nutritional reserves and so obtain normal ultimate pH-values in the meat. The %
of tameness of the reindeer will also be increased by supplementary feeding and this plays an important role

animal's capacity to tolerate stress (Rehbinder, 1990).

The blood metabolites aspartate aminotransferase (ASAT), urea nitrogen and creatinine, all of which indicate P""elg
catabolism caused by stress, have been measured in reindeer (Hyvirinen et al., 1976; Nieminen, 1980; Rehbin¢® oate
Edqvist, 1981; Rehbinder et al., 1982; Essén-Gustavsson and Rehbinder, 1984). High plasma urea values can 1
catabolism of proteins due to sub-maintenance intake of energy or to stress. Hyvérinen et al. (1976) measure an
values during herding of reindeer and found that the urea values increased remarkably during long driving &1 .
and long lairage times. High plasma urea values were also found in reindeer subjected to manual handling, restr® als
and capturing with lasso (Rehbinder and Edqvist, 1981; Essén-Gustavsson and Rehbinder, 1984). In addition, gAT
that were stressed had elevated plasma cortisol levels which could have affected the catabolism of proteins: et
activity has also been demonstrated to increase when reindeer are herded, driven and manhandled (I‘I)’V{“‘rlen 980)
1976; Rehbinder and Edqvist, 1981; Rehbinder et al., 1982; Essén-Gustavsson and Rehbinder, 1984; Niemine?, diote
Serum creatinine values can have been used to monitor renal function but increased creatinine values can al§0 and
protein catabolism during starvation. Nieminen (1980) studied seasonal changes in blood composition of re
found that serum creatinine was relatively stable throughout the year, even though the values increased slightly

the winter when the reindeer had poor energy stores.

ef
From the present study we can conclude that supplementary feeding of reindeer will not only increase their glyqogals
stores, but also decrease the blood metabolites used as markers for protein catabolism or general stress. The fed s {ha
from herd 2 and those slaughtered at the university had significantly lower values of all three blood metabolit® ivep
animals from herd 1. This indicates that the total energy balance of those animals will be improved when they ar° uscle
supplementary feed, so that stress factors such as transport and lairage can be sustained without the need to us¢ ¥
protein as an energy resource.

: jlIin
Further studies are needed to determine real resting values for the glycogen content and the blood metabolites bY kl W

reindeer unaffected by handling procedures. Other handling routines should also be investigated, such as ro'mch stag?

and driving by means of helicopter and snow-scooter, so that the glycogen depletion occurring during €@
moment can be determined.




CONcLUSION

?eindeer in good condition with filled glycogen stores can be transported, even for very long distances, and lairaged
Or at least two days in a corral near the slaughterhouse without any negative effects on the ultimate pH.
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Table 1. Glycogen content and ultimate pH-value in LD and urea, ASAT and creatinine values (LSMEANS) in plasma
| Om reindeer cows and calves from herds 1 and 2.

| Trait Animal Number Trans. > 500km

Catly Transp. Direct Lairage

e Slaughter 2 days

Herd 1:
glycog, mmol/l cow 110° 146 157°
calf 110° 189 111°
PH-value cow 5.89° 574" SIr
calf S8 5.75° 5.90°
Urea, mmol/l cow 23.0° 18.2® 12.7
calf 23.4° 21.3* 13.9°
ASAT, w1 cow 177 211° 2550
calf 115 276 217
Creat., pmol/l cCow 293* 248° 183¢
B calf 248" 240° 207
Herd 2.
glycog, mmol/ calf 228 355 205
PH-value calf 5.53% 5.66° 5.60°
‘ Urea, mmol/] calf 5.2 9.0° 9.0°

| ASAT, w1 calf 179% 225 131
LCreat., pmol/l calf 133 137* 128°

Values within animal category with the same letter are not significantly different (P>0.05).

Table 2. Glycogen content and ultimate pH-values in three muscles: LD, BF and TB, and urea, ASAT and creatinine

| Yalues (L SMEAN S) in plasma from reindeer calves slaughtered at the university.
| —
Muscle Urea ASAT Creat.
e EDEBE B mmol/l w1 pumol/l
% 5.36" 5.46° 5.60° 5.7 128 132
Gloyco.,
molkg 466 503 348

\ :
Alues with the same letter are not significantly different (P>0.05).




