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Abstract: Thirty reindeer bulls (age 1'/2 years) were subjected to different pre-slaughter treatments to study the effects
on ultimate pH values, muscle glycogen content, blood metabolites and abomasal lesions. Gathering and herding inro a
grazing corral were followed by various selection procedures. Before starting these, a control group of 10 reindeer were
captured by lasso and slaughtered outside the grazing corral. Ten reindeer were then selected by hand from a small
group of animals (100-150 head) in a small selection corral. Another 10 reindeer were selected from a large herd of
about 1000-2000 animals, by the traditional technique of using a lasso. During a 6-hour selection, animals were captu-
red and slaughtered after 1.5 hours (#=2), 3.5 hours (#=2), 5 hours (#=3) and 6 hours (#=3) respectively. The results
showed the technique of using a lasso to be stressful and glycogen-depleting, as the two lasso captured groups (the con-
trol group and the reindeer exposed to the protracted lasso selection) had the highest ultimate pH values and lowest
muscle glycogen values measured. By contrast, the selection procedure where reindeer were captured by hand, was not
found to be detrimental to glycogen content and ultimate pH values. Nevertheless, both selection techniques expose
the reindeer ro acute stress during the capture and manual restraint, which in the present study was reflected in high
plasma cortisol values in all treatment groups. The frequency of abomasal lesions was highest in the group of reindeer
subjected to the prolonged selection procedure. No connection between technological and sensory meat quality was
found in this study. The technique of selecting animals by hand ought to be further developed so that existing practical
problems can be solved. The technique could then be recommended for wider use.
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Introduction slaughter handling of reindeer, procedures closely

The pre-slaughter handling of reindeer is nowadays  associated with Saami culture. One of these proce-

mostly a modern management procedure which is
dependent on mechanical aids such as motorcycles,
snowmobiles, helicopters and lorries. All these aids
are used during gathering, herding and transporta-
tion to slaughter. However, there are also specific
and traditional handling procedures involved in the
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dures is the selection of animals jusc before slaugh-
ter by the use of a lasso (Malmfors & Wiklund,
1996).

The pre-slaughter handling of animals is of great
importance for the quality of meat as well as for ani-
mal welfare (Warriss, 1993; Gregory, 1996). In
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Table 1. Characteristics of vatious treatment groups of reindeer included in the study.

Treatment  Number Pre-slaughter handling Capture and stunning

group of bulls procedure procedure

A 10 Control group. Herded and driven Captured by lasso (all 10 reindeer within
to a grazing corral. Over-night 30 min). Manually restrained and stunned
holding in the grazing corral. with a captive bolt outside the grazing

corral.

B 10 Same treatment as group A. Captured by hand (all 10 reindeer
Then, after the reindeer in group  within 10 min) in the antlers or around
A had been captuted and the neck. Manually restrained and
slaughtered, a small group of stunned with a captive bolt just outside
animals (100-150 head) were the selection corral.
transferred from the big herd
in the grazing corral, to a small
selection corral.

C 10 Same treatment as group A. During a 6-hour selection, animals were

Then, after the reindeer in groups
A and B had been captured and
slaughtered, the whole hetd
(1000-2000 head) was transferred
from the grazing corral to a

large selection corral.

captured by lasso after 1.5 hours (#=2),
3.5 hours (z=2), 5 hours (z=3) or 6 hours
(n=3). Manually restrained and stunned
with a captive bolt just outside the
selection corral.

reindeer, meat quality traits (ultimate pH values,
glycogen content and sensory quality) have been
compared between animals handled differently pre-
slaughter and animals shot undistutbed in the
mountains. From these studies it was concluded
that helicopter herding, lorry transport and lairage
at the slaughterhouse did not significantly impair
ultimate pH values or glycogen content in the mus-
cles (Wiklund er /., 1995; 1996a; 1996b). The tra-
ditional lasso selection technique however was evi-
dently a very stressful and glycogen-depleting
handling procedure (Wiklund e af., 1996b).
Furthermore, the sensory quality of the meat appea-
red to be affected by pre-slaughter handling, as a
‘stress-flavour’ was detected in meat from reindeer
subjected to gathering, lasso selection and helicop-
ter herding, whereas this flavour was not detectable
in meat from reindeer shot in the mountains.

The purpose of the present investigation was to
study and compare the effects of two commonly
used pre-slaughter selection procedures for reindeer
(by using a lasso or by catching the animals by
hand) on technological (ultimate pH and glycogen
content) and sensory meat quality. Another objecti-
ve was to study the effects on stress-induced blood
metabolites and pathological changes in the aboma-
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sal mucosa after these two pre-slaughter selection
procedures.

Material and methods

The study was performed in Mellanbyn, a Saami
community close to Gillivare in northern Sweden.
A total of 30 reindeer bulls (age 1'/> years) were
subjected to three different pre-slaughter treat-
ments (Table 1).

The reindeer were stunned with a captive bolt.
Upon exsanguination, blood samples were collected
in heparinized tubes, chilled, centrifuged and wit-
hin 45 min after sampling, the plasma was frozen in
liquid nitrogen (-196°C). Samples from M. [ongissi-
mus (LO) (at the last rib), M. biceps femoris (BF) and
M. triceps brachii (TB) were taken no later than 15
min post mortem and frozen in liquid nitrogen.

Blood and muscle samples were taken directly
outside the grazing and selection corrals, and the
carcasses were then transported by helicopter to the
slaughterhouse in Hart, a distance of about 3 km,
where the slaughter procedure was completed.

The abomasal mucosa from all reindeer were exa-
mined for the presence of mucosal lesions and hae-
mortrhages and judged on a scale from 0 (not affec-
ted) to 4 (severe lesions).
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Fig. 1. Plasma cortisol values and abomasal lesions

(least-squares means) in reindeer bulls exposed to
the traditional lasso selection procedure (treat-
ment group C) for 1 hour (»=2), 3.5 hours (#=2),
S hours (7=3) or 6 hours (#=3).

Glycogen determination in muscle samples

Muscle samples were freeze-dried for 24 h whereaf-
ter connective tissue, fat and blood were removed
under a dissection microscope. Glycogen was analy-
sed by assessing glucose residues after 1-2 mg of tis-
sue had been boiled for 2 h in 1M HCI (Lowry &
Passoneau, 1973).

Blood, metabolites

Plasma samples were analysed for aspartate amino-
transferase (ASAT), urea and cortisol. ASAT was
determined by a kinetic technique on an LKB
Reaction Rate Analyser according to the recom-
mendations of the Scandinavian Committee on
Enzymes (1974). Urea values were determined by
means of a glucose/urea/creatinine analyser (IL 919;
Instrumentation Laboratories) using reagents and
procedutes recommended by the manufacturer.
Cortisol was assayed with an enhanced luminescen-
ce immunoassay technique (AmerliteR, Kodak
Clinical Diagnostics Ltd., England). Serial dilutions
of reindeer plasma containing high concentrations
of cortisol produced displacement curves parallel to
the standard curve. The intra-assay coefficients of
variation calculated from three control samples were
12.1% (40 nmol/l), 8.1% (86 nmol/l) and 4.5%
(543 nmol/l). The corresponding inter-assay coeffi-
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cients of variation were 8.3%, 5.2% and 5.6%. The
smallest amount of cortisol detectable (defined as
intercept of maximum binding - 2 SD) was 3.2
nmol/l.

pH measurements

Ultimate pH was measured with a portable pH
meter (Portamess 651-2, Knick Elektronische
Messgerite GmbH & Co, Germany) equipped with
a Xerolyte electrode (lot 406 M-6, Ingold
Messtechnik AG, Switzerland), in M. longissimus (at
the last rib), M. biceps femoris and M. triceps brachii at
24 hpost mortem.

Sensory evaluation

The carcasses were chilled for 2 days, after which
the saddles (the part of the back which is cut out
between vertebrae thoracales 6-7 and vertebrae lumbales
5-6) were excised and frozen. The saddles were then
transported to Matforsk (Norwegian Food Research
Institute, As, Norway) where the sensory analysis
was performed. Each saddle was split in two parts
(right and left M. longissimus) and sawn into chops.
The panel members invariably received their chops
from the same part of the longissimus mauscle. The
chops had been vacuumpacked and then heated in a
waterbath to +65°C for 120 min. The sensory profi-
le of the reindeer meat was assessed by a trained
expert panel of 10 members, using a descriptive test
(Stone & Sidel, 1985; Piggott, 1988). The question-
naire was formulated with particular reference to
reindeer meat (Wiklund ez «/., 1996b). The definiti-
ons of the profile attributes are set out in Table 2,
and the panel scored the sensoty attributes on a
continuous intensity scale ranging from 0 (low
intensity) to 9 (high intensity).

Statistical analyses

The statistical analyses were carried out with the
Statistical Analysis System (SAS Institute Inc.,
1995) using the GLM and MIXED procedures. The
model for comparing pH values and glycogen con-
tent included the fixed effects of treatment group
and muscle, the random effect of animal nested wit-
hin treatment group, and also the interaction (treat-
ment group x muscle). The model for comparing
muscle and blood parameters and abomasal lesions
included the fixed effect of treatment group. When
the sensory attributes of the longissimas muscle were
compared, the model included the random effect of
animal nested within treatment group, as well as
the fixed effects of treatment group and panel
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Table 2. Definitions of the sensory attributes used in the sensory profiling of the reindeer meat.

Attribute Definition

Intensity of odour

Liver odour

Pungent odour
Sickeningly sweet odour Flat, stale odour.

Whiteness
colour.

Hue

Intensity of colour
Intensity of flavour

Sharp flavour
Sickeningly sweet flavour Flat, stale flavour.
Acidic flavour
Juiciness

Hardness

Yellow/red to red/blue.

Colour: none - intense.

Intensity of any odour in the product.
Odour of liver, metallic.

Strong and intense odour sensation.

Colour measured on a newly cut slice of meat, black or pure colour to white

Intensity of any flavour in the product.

Strong and intense flavour sensation.

Primary taste produced by acid (e.g. citric acid, lemon).
Perception of juice absorbed from the product.

Mechanical texture attribute measured by compressing the product betwe-

en the teeth, force required to produce deformation of the product.

Tenderness

Mechanical texture attribute related to cohesiveness and to the length of

time or the number of chews required to masticate a solid product into a
state ready for swallowing.

member. Interactions between panel members and
treatment groups wete ignored.

As in earlier studies (Wiklund e «f., 1995;
1996a; 1996b) pH values were converted in the sta-
tistical analyses to hydrogen ion concentrations and
when presenting the mean values they were trans-
formed back from estimates on the concentration
scale. Standard errors, however, become non-sym-
mettic and error ranges on the pH scale were there-
fore calculated from the estimated means = stan-
dard errors.

Results

Glycogen content and ultimatepH values
The group of reindeer selected by hand (B) had the
significantly highest content of glycogen in Mm.
longissimus, biceps femoris and triceps brachii (Table 3).
The ultimate pH values measured in Mm. longis-
simus and biceps femoris in the lasso selected group (C)
were significantly higher than in reindeer selected
by hand (group B) (Table 3). In M. triceps brachii
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there were no differences in ultimate pH between
groups.

Blood metabolites and abomasal lesions

The group of reindeer traditionally selected by lasso
from a large herd of animals during 6 hours (C) sho-
wed the highest ASAT values in comparison with
the other two groups (Table 4). The urea values of
the control group (group A) were significantly
lower than in the selected groups (groups B and C).
Cortisol values were high in all groups, but the
selected groups (B and C) had the highest values in
comparison with the control group (A). During the
ptotracted selection (group C) there was a trend of
increasing cortisol values and after 6 hours of run-
ning in the selection corral, the highest values were
recorded (Fig. 1). When investigating the abomasal
mucosa it was found that the lasso selected group
(C) had most lesions, and during the selection in
this group there was a tendency of an increase in the
frequency of lesions so that after 6 hours of running
the highest values were registered (Fig.1).
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Table 3. Glycogen content and ultimate pH value in M. Jongissimus, M. biceps femoris and M. triceps brachii (least-squares
means ( srandard errors') for reindeer bulls included in the study, #=10 in each group.

Treatment group

Trait A C
Control Captured Captured by Standard
group by hand lasso after 1.5 error
to 6 hours
Glycogen,
mmol/kg dry weight
M. longissimus 115 176" 100 22.7
M. biceps fomoris 136" 193 105+ 227
M. triceps brachii 99+ 151 85 22.7
pH valuel
M. longissimus 5.72%! 5.63% 5.86"
5.68-5.7 5.59-5.67 5.80-5.92
M. biceps femoris 5.76 5.62% 5.97
5.72-5.82 5.59-5.66 5.90-6.05
M. triceps brachii 5.94* 5.83% 6.11¢
5.87-6.02 5.77-5.87 6.01-6.23

' For pH, least-squares means and ranges for means ( standard errors were reconverted from the concentration scale.
Means in the same row having the same superscript (letters) are not significantly different (P>0.05).
Within-trait means in the same column having the same superscript (numbers) are nor significantly different (P>0.03).

Sensory evaluation

Significant inter-group differences were found
regarding odour, colour and flavour attributes. Meat
from reindeer in the control group (A) had a strong-
er intensity of odour, compared with the lasso selec-
ted group (C). The control group also had a strong-
er, more pungent odour than the other groups. In
the group selected by hand (B), the meat had a
slightly darker colour than in the other groups, and
also had a more acidic flavour, compared with the
control group.

Discussion

In this study it was clearly demonstrated that the
pre-slaughter selection techniques variously affected
the ultimate pH values of the meat and the muscle
glycogen stores. Though all the 10 reindeer in
group A were captured by lasso within 30 min,
their muscle glycogen values were very low in all
muscles studied (Mm. longissimaus, biceps femoris and
triceps brachii) and indistinguishable from those of
reindeer in group C which were traditionally selec-

Rangifer, 17 (2), 1997

ted by lasso during 6 hours. Our earlier studies sho-
wed that glycogen stores were not depleted when
reindeer were transported by lorry for distances up
to 1000 km or when kept in lairage for 2 days with
access to hay and water (Wiklund ez 2/, 1996a).
Herding by helicopter for 1, 2 and 3 days respecti-
vely did not deplete muscle glycogen stores, where-
as the traditional lasso selection procedure was indi-
cated to be a stressful and glycogen-depleting event
(Wiklund e 4/, 1996b). Manual handling and
restraint have been found to cause severe muscle
glycogen depletion in reindeer (Essén-Gustavsson &
Rehbinder, 1984). The results of the present study
showed that the reindeer is particularly sensitive to
the restraint stress implicated in handling procedu-
res where the lasso is used.

Reindeer meat has earlier been reported to have
extremely high ultimate pH values and low glyco-
gen content, qualities associated with DFD (dark,
firm, dry) meat, which is a well-known meat quality
defect (Petijd, 1983; Wiklund er 4/, 1995). DFD
meat has a shorter shelf life, especially if the meat is
vacuum-packed, therefore it is a ‘rule of thumb’ in
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the meat industry that any fresh meat with a pH
value of 5.9 or more is not vacuum-packed (Zeuthen
& Mead, 1996). The Swedish slaughter industry
nowadays usually applies a DFD limit of 5.8 for the
M. longissimus in beef carcasses. Had this limit been
applied in the present study, 12 carcasses of the
total of 30 (4 from group A, 1 from group B and 7
from group C) would have been classified as DFD.

The results published from earlier studies where
various shoulder muscles in reindeer were found to
have higher ultimate pH values compared with the
longissimus muscle (Skjenneberg et al., 1974; Petiiji,
1983; Wiklund e 4., 1995; 1996b), could only be
confirmed in the present study when the reindeer
were selected by hand (group B). The present results
might be attributable to the way in which physical
force is applied to a lasso-captured reindeer. The
animal expends much of its muscular strength
during the fight and struggle when captured and
dragged out of the selection corral. Most of the
muscles will therefore become more or less glycogen
depleted and produce meat with high ultimate pH
values.

The plasma ASAT and urea values measured in
the present study were fairly low and stable, compa-
red with earlier studies on reindeer where these blo-
od metabolites were used as markers for catabolism
of protein due to submaintenance energy intake or
to stress (Hyviirinen e /., 1976; Nieminen, 1980;
Wiklund et al., 1996b). In earlier studies, plasma
cortisol content has been used as a marker for acute
stress in veal calves (Trunkfield & Broom, 1990;
Trunkfield et /., 1991), cattle (Eichinger et 4/,

1991) and reindeer (Rehbinder et 2/, 1982; Wik-
lund et 4l., 1994). The cortisol values measured in
the present study were high in all groups. Mucosal
lesions and haemorrhages in the abomasum as a
result of acute stress, have earlier been demonstrated
in reindeer (Rehbinder, 1990; Wiklund e /.,
1996b). In the present study, the frequency of abo-
masal lesions was highest in the lasso-selected
group (C), and during the 6 hours of selection the
frequency increased, actually synchronized with the
cortisol values (Fig. 1). In the present study we
could conclude from the measured values of blood
metabolites and abomasal lesions that the sudden
stress caused by capture and restraint affected rein-
deer in all three groups, but that the protracted las-
so selection procedure (group C) had the most seri-
ous impact on reindeer homeostasis.

A certain ‘stress-flavour’ has earlier been descri-
bed in reindeer meat from animals exposed to inten-
sive pre-slaughter handling (Rehbinder & Edqpvist,
1981; Wiklund et 2/, 1996b). The results of the
present sensory evaluation revealed very few diffe-
rences between the treatment groups, though meat
from reindeer in the control group (A) had the hig-
hest values of pungent odour (one of the qualities
associated with the concept ‘stress-flavour’). The
individual variation among animals to develop a
‘stress-flavour’ and other off-flavours in the meat
might explain this phenomenon. Furthermore,
meat from the group selected by hand (B) tended to
have high values of liver odour, liver flavour and also
of acidic flavour. The latest results are consistent
with earlier reports on beef (Eilers ef 2/., 1994) and

Table 4. Blood metabolites and abomasal lesions (least-squares means + standard errors) in reindeer bulls included in
the study and the degree ofisignificance for the effect of treatment group, =10 in each group.

Treatment group

Trait A B C
Control group Captured Captured by Standard Degree of
by hand lasso after 1.5 error significance!
to 6 hours

ASAT, pkat/l 1.4 1.4° 1.7 0.1 Hokok
Urea, mmol/] 5.00 6.9° 6.7° 0.5-0.6 *
Cortisol, nmol/1 67.9 92.6° 84.0° 6.0 *
Abomasal lesions 0 0.2¢ N 0.1 Rk

1 * = P<0.05; *** = P<0.001.

Within-trait means having the same superscript are not significantly different (P>0.05).
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Table 5. Sensory evaluation scores in meat (M. longissimus) (least-squares means and standard errors) from reindeer bulls
included in the study and the degree ofisignificance for the effect ofitreatment group, 2=10 in each group.

Treatment group

A B C

Attribute Control group ~ Captured Captured by Standard Degree of

by hand lasso after 1.5 error sign.!

to 6 hours

Intensity of odour 6.20 6.0° 5.9° 0.08 *
Liver odour 3.1 3.4 3.3 0.10 fn.s.
Pungent odour 4.2° 3.6° 3.6 0.13 ok
Sickeningly sweet odour 3.2 3.1 3.1 0.08 n.s.
Whiteness 4.9% 4.8 4.9° 0.05 *
Hue 5.1 5.1 5.1 0.11 n.s.
Intensity of colour 4.6 4.6 4.7 0.12 1n.s.
Intensity of flavour 6.1 6.1 6.0 0.04 n.s.
Liver flavour 4.4 4.7 4.3 0.21 1n.s.
Sharp flavour 3.8 3.5 3.6 0.12 1.s.
Sickeningly sweet flavour 3.1 3.0 3.1 0.11 n.s.
Acidic flavour 3.8 4.1° 3.8 0.12 *
Juiciness 4.9 5.0 5.0 0.08 1.s.
Hardness 3.2 3.0 3.0 0.22 ns.
Tenderness 6.9 7.1 7.0 0.25 1.s.

'ns. = P>0.05; * = P<0.05; ** = P<0.01.

Within-attribute means having the same superscript are not significantly different (P>0.05).

reindeer (Wiklund e /., 1996b) where a relations-
hip between low ultimate pH values and liver fla-
vour in the meat was found.

The results from the present study confirmed ear-
lier findings that the traditional selection technique
of using a lasso was the most stressful and glycogen-
depleting pre-slaughter handling procedure for
reindeer so far studied. Another commonly used
selection procedure, where the animals are selected
by hand, was shown to subject the reindeer to a
short period of acute stress, but was not to be detri-
mental to ultimate pH values and muscle glycogen
content. This selection technique ought to be fur-
ther developed so that existing practical problems
can be solved (e.g. during the early autumn slaugh-
ter of adult bulls, this technique can be dangerous
as regards labour protection), and thereafter the
technique could be recommended for more general
use.

There is still a need for further research in the
field of sensory quality of reindeer meat. The pheno-
menon ‘stress-flavour’ per se ought to be further
investigated and explained chemically. Stress-fla-
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vour also needs to be investigated in meat from
reindeer given supplementaty feeding, and exposed
to protracted lorry transport and pre-slaughter lai-
rage at the slaughterhouse, in order to assess the
effects of these handling routines on the sensory
quality the meat. The importance of individual
variation among animals to develop various off-fla-
vours in the meat should also be investigated. The
considerable variation in the diet and nutritional
status of reindeer over the year ought to be studied
regarding the sensory quality of the meat from rein-
deer slaughtered at various seasons of the year.
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