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Abstract: Forty-one reindeer bulls (age I V 2 years) were subjected to different pre-slaughter treatments: herding for a 
short distance to a grazing corral, selection by use of a lasso, lorry transport and helicopter herding for 1, 2 and 3 days 
respectively. A s control, 9 reindeer were shot without previous handling (in the mountains). The results indicated the 
traditional selection technique of using a lasso to be the most stressful and glycogen-depleting handling procedure so 
far studied. In the lasso-selected reindeer the lowest glycogen values and the highest ultimate p H values in the meat 
were measured. The values of the measured parameters indicating stress (aspartate aminotransferase ( A S A T ) , urea, Corti
sol and abomasal lesions) were also highest in these reindeer. By contrast, the modern method of herding by helicopter 
was not found to be detrimental to glycogen content, ultimate p H , the measured blood metabolites, or the frequency of 
abomasal lesions. In all treatment groups degenerative lesions were observed in the skeletal muscles. N o relarionship 
between technological and sensory meat quality characteristics and skeletal muscle lesions i n reindeer could, however, 
be found i n this study. The study confirmed an earlier finding that a 'stress-flavour' could develop in reindeer meat after 
intensive pre-slaughter handling of rhe animals. Further study of when and how such 'stress-flavour1 develops ought to 
be undertaken. 

K e y w o r d s : Rangifer tarandus tarandus L , meat quality, sensory quality, ultimate p H , muscle g l y c o g e n , urea, 
A S A T , Cortisol, abomasal les ions, muscular les ions. 

Introduction 
M o d e r n reindeer m a n a g e m e n t of ten i n c l u d e s stress 
factors such as r o u n d i n g u p , h e r d i n g , road transport 
and l o n g pre-s laughter lairage t imes . S u c h stress 
factors are arguably d e t r i m e n t a l to a n i m a l welfare 
( R e h b i n d e r et al., 1982; R e h b i n d e r , 1990). N e v e r 
theless, road transport by l o r r y and 2 days' p r e -
s laughter lairage d i d not s i g n i f i c a n t l y i m p a i r meat 
q u a l i t y traits (i.e. u l t i m a t e p H values and g l y c o g e n 
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content) i n Mm. longissimus dorsi, biceps femoris and 
triceps brachii ( W i k l u n d et al., 1996) . M e a t f r o m 
reindeer carcasses has somet imes been reported to 
have ex t remely h i g h u l t i m a t e p H values and l o w 
g l y c o g e n content (Petâ ja , 1983 ; W i k l u n d et al., 
1995 , 1996) . 

M o s t o f the a b o v e - m e n t i o n e d m o d e r n h a n d l i n g 
procedures expose the ent ire reindeer herds - or 
parts thereof - to a stressful s i t u a t i o n , except for the 

109 

mailto:eva.wiklund@lmv.slu.se


select ion procedure by w h i c h a n i m a l s are r e m o v e d 
i n d i v i d u a l l y f r o m the h e r d . 

T h e purpose of th is i n v e s t i g a t i o n was to s t u d y 
and q u a n t i f y g l y c o g e n content and u l t i m a t e p H 
values i n re indeer muscles and sensory q u a l i t y of 
reindeer meat f r o m a n i m a l s (1) unaffected by m a n u 
al or m e c h a n i c a l h a n d l i n g , (2) herded d o w n f r o m 
the m o u n t a i n s to a g r a z i n g corra l b y c o m b i n e d use 
of hel icopter , s n o w m o b i l e s a n d dogs , (3) c a p t u r e d i n 
a t r a d i t i o n a l select ion corra l b y use of the lasso, and 
(4) herded by he l i copter for 1, 2 a n d 3 days respect i 
vely. A n o t h e r object ive was to s t u d y s t ress - induced 
b l o o d metabol i tes and p a t h o l o g i c a l changes i n the 
abomasal m u c o s a and i n three skeleta l muscles (M. 
longissimus dorsi, M. biceps femoris and M.triceps bra-
chii) f o l l o w i n g dif ferent h a n d l i n g procedures . 

Material and methods 
T h e s tu dy was p e r f o r m e d i n M e l l a n b y n , a Saami 
c o m m u n i t y close to G i i l l i v a r e i n the n o r t h e r n part 
o f Sweden. A to ta l o f 41 reindeer bu l l s (age 1 lli 

years) were subjected to 7 di f ferent pre -s laughter 
treatments (Table 1). 

R e i n d e e r i n groups A , E , F and G were shot i n 
the head u s i n g a rifle (calibre 308 W i n c h e s t e r ) , w h i 
le reindeer i n the other g r o u p s were s t u n n e d w i t h a 
capt ive bo l t . F r o m reindeer i n g r o u p s A , E , F a n d G 
(shot i n the m o u n t a i n s ) , b l o o d a n d musc le samples 
were taken d i r e c t l y i n the field, a n d the carcasses 
were t h e n t ransported b y he l i copter to the s l a u g h 
terhouse i n H a r r a . R e i n d e e r i n g r o u p s B , C and D 
were s t u n n e d i n the select ion corra l or just outs ide 
the s laughterhouse i n H a r r a . G r o u p D was a l l o w e d 
to rest for 2 days after the se lec t ion procedure before 
b e i n g t ransported by l o r r y 100 k m to the s laughter 
house. W h i l e res t ing , they were offered hay and 
si lage. O n e a n i m a l f r o m g r o u p B was considered to 
be an o u t l i e r and was therefore e x c l u d e d due to to ta l 
g l y c o g e n d e p l e t i o n i n a l l 3 muscles s t u d i e d (4-32 
m m o l / k g d r y w e i g h t ) and h i g h p H values (6.81¬
6.83). 

U p o n e x s a n g u i n a t i o n , b l o o d samples were co l lec 
ted i n h e p a r i n i z e d tubes, c h i l l e d , c e n t r i f u g e d and 
w i t h i n 45 m i n after s a m p l i n g , the p l a s m a was fro
zen i n l i q u i d n i t r o g e n ( - 1 9 6 ° C ) . Samples f r o m M. 
longissimus dorsi ( L D ) (at the last r i b ) , M. biceps femo
ris (BF) and M. triceps brachii ( T B ) were taken at 
a p p r o x i m a t e l y 15 m i n post mortem and frozen i n 
l i q u i d n i t r o g e n . A piece of each m u s c l e (1 c m 3 ) was 
fixed i n 1 0 % buffered f o r m a l i n , e m b e d d e d i n paraf
fin, cut i n 5 u m t h i c k sections and s ta ined w i t h hae-

m a t o x y l i n - e o s i n and P T A H ( P h o s p h o t u n g s t i c A c i d 
H a e m a t o x y l i n ) . T h e samples were i n v e s t i g a t e d for 
the presence o f m u s c u l a r lesions. 

T h e abomasal m u c o s a f r o m a l l reindeer was i n v e 
s t igated for the presence of m u c o s a l lesions and hae
morrhages a n d rated o n a scale f r o m 0 (not affected) 
to 4 (severe lesions) . 

Glycogen determination in muscle samples 
M u s c l e samples were f reeze-dr ied for 24 h whereaf
ter connect ive t issue, fat and b l o o d were removed 
under a d issec t ion microscope . G l y c o g e n was analy
sed by assessing glucose residues after 1-2 m g of t i s 
sue had been b o i l e d for 2 h i n 1 M H C 1 ( L o w r y & 
Passoneau, 1973) . 

Blood metabolites 
P l a s m a samples were analysed for aspartate a m i n o 
transferase ( A S A T ) , urea and Cortisol. A S A T was 
d e t e r m i n e d b y a k i n e t i c t e c h n i q u e i n an L K B 
R e a c t i o n Rate A n a l y s e r a c c o r d i n g to the r e c o m 
m e n d a t i o n s o f the S c a n d i n a v i a n C o m m i t t e e on 
E n z y m e s (1974) . U r e a values were d e t e r m i n e d by 
means of a glucose/urea/creatinine analyser (IL 9 1 9 ; 
I n s t r u m e n t a t i o n Laboratories) u s i n g reagents and 
procedures r e c o m m e n d e d by the manufacturer . 
C o r t i s o l was assayed w i t h an enhanced luminescense 
i m m u n o a s s a y t e c h n i q u e ( A m e r l i t e R , K o d a k 
C l i n i c a l D i a g n o s t i c s L t d . , E n g l a n d ) . Ser ia l d i l u t i o n s 
of re indeer p l a s m a c o n t a i n i n g h i g h concentrat ions 
of Cortisol p r o d u c e d d i s p l a c e m e n t curves para l le l to 
the s tandard curve. T h e intra-assay coefficients of 
v a r i a t i o n ca lcula ted f r o m 3 c o n t r o l samples were 
1 2 . 1 % (40 nmol/1), 8 . 1 % (86 nmol/1) and 4 . 5 % 
(543 nmol/1). T h e c o r r e s p o n d i n g inter-assay coeffi
cients of v a r i a t i o n were 8 . 3 % , 5 . 2 % and 5 . 6 % . T h e 
lowest a m o u n t of Cortisol detectable (defined as 
intercept o f m a x i m a l b i n d i n g - 2 S D ) was 3.2 nmol/1. 

pH measurements 
U l t i m a t e p H was measured w i t h a por tab le p H 
meter (Portamess 6 5 1 - 2 , K n i c k E l e k t r o n i s c h e 
Messgerate G m b H & C o , G e r m a n y ) e q u i p p e d w i t h 
a X e r o l y t e electrode (lot 4 0 6 M - 6 , I n g o l d 
M e s s t e c h n i k A G , S w i t z e r l a n d ) . In S w e d e n , reindeer 
carcasses are not e lec t r i ca l ly s t i m u l a t e d and u l t i m a 
te p H was measured i n L D , B F and T B at 30 h post 
mortem. 

Sensory evaluation 
T h e saddle (the part o f the back w h i c h is cut out 
between vertebrae thoracales 6-7 and vertebrae lumbales 
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Table 1. Character is t ics o f var ious t r e a t m e n t g r o u p s of re indeer i n c l u d e d i n the study. 

T r e a t m e n t N u m b e r 

g r o u p of b u l l s 

Pre - s laughter 

h a n d l i n g procedure 

S l a u g h t e r 

procedure 

A 9 N o n e . Shot in the head w i t h 
a rif le w i t h o u t prev ious 
h a n d l i n g . 

B 5 " H e r d e d a n d d r i v e n a short distance 
to a g r a z i n g corra l b y c o m b i n e d 
use of he l i coprer , s n o w m o b i l e s and dogs. 

C a p t u r e d by lasso 
i m m e d i a t e l y after 
e n t e r i n g the g r a z i n g 
corral (all 5 re indeer 
w i t h i n 20 m i n ) . 
M a n u a l l y restrained 
and s t u n n e d w i t h a 
capt ive b o l t i n the 
g r a z i n g corra l . 

C 6 Same t rea tment as g r o u p B , t h e n 
transferred to a select ion corra l 
and captured by lasso after 4 hours 
r u n n i n g i n the select ion corra l . 

M a n u a l l y restrained 
and s t u n n e d w i t h a 
capt ive b o l t i n the 
select ion corra l . 

D 5 Same t rea tment as g r o u p C , t h e n the 
g r o u p were p u t i n a res t ing corral 
for 2 clays w i t h access to hay, s i lage 
and snow. T h e g r o u p was t h e n t ranspor ted 
by lorry over a distance of 100 k m . 

M a n u a l l y restrained 
and s t u n n e d w i t h a 
capt ive b o l t just 
outs ide the s laughter 
house. 

E 5 Same t rea tment as g r o u p B , t h e n r e m o v e d 
f r o m the g r a z i n g corral before se lect ion. 
H e r d e d by h e l i c o p t e r for 1 day (20 k m per 
day and a l l o w i n g suff ic ient t i m e for the 
reindeer to graze). 

Shot i n the head 

w i t h a r i f le . 

F 5 Same t rea tment as g r o u p E , b u t herded 
by he l i copter for 2 days. 

Shot in the head 
w i t h a r i f le . 

G 5 Same t rea tment as g r o u p E , b u t herded 
by he l i copter for 3 days. 

Shot i n the head 

w i t h a r i f le . 

1 Alter exclusion of one animal, see Matenal and methods. 

5-6) f r o m each of 16 reindeer i n groups A , B , C and 
G (4 f r o m each group) was excised a n d packed i n a 
plast ic bag , kept refrigerared (at +3°C - + 5°C) for 
14 days and then frozen. T h e samples were t h e n 
transported to M a t f o r s k ( N o r w e g i a n F o o d Research 
Ins t i tu te , As, N o r w a y ) where the sensory analysis 
was p e r f o r m e d . T h e reindeer saddles were s p l i t i n 
t w o halves ( r ight and left A l , longissimus dorsi) and 
sawn i n t o chops. T h e panel members a lways recei
ved the i r chops f r o m the same part o f the longissimus 
m u s c l e . T h e chops were v a c u u m - p a c k e d and then 
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heated i n a w a t e r b a t h to + 6 5 ° C for 120 m i n . T h e 
sensory prof i le o f the reindeer meat was assessed by 
a t ra ined expert pane l c o m p r i s i n g 11 m e m b e r s , w h o 
a p p l i e d a descr ip t ive test (Stone & S i d e l , 1985 ; 
P i g g o t t , 1988) . T h e quest ionnaire was f o r m u l a t e d 
w i t h special reference to reindeer meat . T h e d e f i n i 
t ions of the prof i le at tr ibutes are descr ibed i n Table 
2, and the panel scored the sensory at t r ibutes on a 
c o n t i n u o u s i n t e n s i t y scale r a n g i n g f r o m 0 ( low 
intens i ty ) to 9 ( h i g h in tens i ty ) . 

Ill 



Table 2. Definitions of the sensory attributes used in the sensory profi l ing of the reindeer meat. 

A t t r i b u t e D e f i n i t i o n 

In tens i ty o f o d o u r In tens i ty o f any o d o u r in the p r o d u c t . 

L i v e r o d o u r O d o u r o f l iver , m e t a l l i c . 

P u n g e n t o d o u r S t r o n g and intense o d o u r sensat ion. 

S i c k e n i n g l y sweet o d o u r F la t , stale odour . 

W h i t e n e s s C o l o u r measured o n a n e w l y cut slice o f meat , b lack or pure c o l o u r 

to w h i t e co lour . 

H u e Ye l low/red to red/blue. 

In tens i ty o f c o l o u r C o l o u r : none - intense. 

In tens i ty o f f lavour Intensi ty o f any flavour i n the p r o d u c t . 

L i ver f lavour F l a v o u r of l iver , m e t a l l i c . 

Sharp f lavour S t r o n g and intense flavour sensat ion. 

S i c k e n i n g l y sweet f lavour F la t , stale flavour. 

A c i d i c flavour P r i m a r y taste p r o d u c e d by a c i d (e.g. c i t r i c a c i d , l emon) . 

Ju ic iness P e r c e p t i o n of juice absorbed f r o m the p r o d u c t . 

H a r d n e s s M e c h a n i c a l texture a t t r ibute measured by c o m p r e s s i n g the p r o d u c t between 
the teeth, force required to produce d e f o r m a t i o n of the p r o d u c t . 

Tenderness M e c h a n i c a l texture a t t r ibute related to cohesiveness and to the l e n g t h of 
t i m e or the n u m b e r o f chews r e q u i r e d to mast icate a s o l i d p r o d u c t i n t o 
a state ready for s w a l l o w i n g . 

Statistical analyses 
T h e stat is t ical analysis was carr ied out w i t h the 
Stat i s t i ca l A n a l y s i s System (SAS I n s t i t u t e Inc. , 
1995) u s i n g the G L M and M I X E D procedures . T h e 
m o d e l for c o m p a r i n g p H values and g l y c o g e n c o n 
tent i n c l u d e d the fixed effects of t rea tment g r o u p 
and m u s c l e , the r a n d o m effect of a n i m a l nested w i t 
h i n t reatment g r o u p , and also the i n t e r a c t i o n (treat
m e n t g r o u p x muscle) . A s the in terac t ion was n o n 
s igni f i cant for g l y c o g e n content , the overa l l effect o f 
treatment g r o u p across muscles is s h o w n ( F i g . 1). 
For p H values, however, the in terac t ion ( treatment 
g r o u p x musc le ) was s igni f i cant a n d , for the sake of 
c lar i ty , s u b g r o u p means for g l y c o g e n content are 
also presented, together w i t h the c o r r e s p o n d i n g p H 
values. T h e m o d e l for c o m p a r i n g b l o o d metabol i tes 
and abomasal lesions i n c l u d e d the fixed effect of tre
a tment g r o u p . W h e n the sensory at t r ibutes o f the 
longissimus m u s c l e f r o m reindeer i n g r o u p s A , B , C 
and G were c o m p a r e d , the m o d e l i n c l u d e d the ran
d o m effect o f a n i m a l nested w i t h i n t reatment g r o u p 

112 

g l ycogen mmol /kg dry we igh t 
300 

A B C D E F G 

t rea tmen t g roup 

F i g . 1. Glycogen content (least-squares means) after diffe
rent pre-slaughcer handling of reindeer bulls 
when all studied muscles are taken into conside
ration (Mm. Itmgisumus, biceps femoris and triceps 
hrachii. For treatment groups and numbers inve
stigated, see Table 1). Means w i t h the same lett
ers are not significantly different (P>0.05). 
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as w e l l as the fixed effects o f t rea tment g r o u p , pane l 
m e m b e r and the i n t e r a c t i o n (panel m e m b e r x treat
m e n t g r o u p ) . T h e i n t e r a c t i o n (panel m e m b e r x tre
a t m e n t g r o u p ) was e x c l u d e d f r o m the m o d e l w h e n 
not s igni f i cant . 

A s i n earlier studies ( W i k l u n d et al., 1 9 9 5 , 1996) 
p H values were converted i n the s ta t i s t i ca l analyses 
to h y d r o g e n i o n concentrat ions a n d w h e n presen
t i n g m e a n values they were reconverted f r o m est i 
mates o n the c o n c e n t r a t i o n scale. S t a n d a r d errors, 
however , become n o n - s y m m e t r i c and error ranges 
o n the p H scale were therefore ca l cu la ted . 

Results 
Glycogen content and ultimate pH values 
T h e dif ferent pre -s laughter h a n d l i n g treatments 
affected the g l y c o g e n concentrat ions i n the three 
muscles s i m i l a r l y (Table 3). M e a n g l y c o g e n concen
trat ions for the three muscles are s h o w n i n F i g . 1. 

G r o u p s A (shot w i t h o u t previous h a n d l i n g ) a n d 
G (herded by he l i copter for 3 days) h a d the highest 
content o f g l y c o g e n i n Mm. longissimus dorsi, biceps 
femoris and triceps brachii (see Table 3). A f t e r the her
d i n g d o w n to a g r a z i n g corra l close to the s laughter 
house, a s igni f i cant par t o f the g l y c o g e n stores had 

been c o n s u m e d (group B ) , w h i l e i n re indeer subjec
ted to the lasso se lec t ion procedure ( g r o u p C ) a n d to 
b o t h lasso se lec t ion and subsequent l o r r y transport 
(group D ) m o s t g l y c o g e n had been c o n s u m e d . 
D u r i n g the h e l i c o p t e r h e r d i n g (groups E , F, and G ) 
the g l y c o g e n content increased s i g n i f i c a n t l y w i t h 
l o n g e r h e r d i n g t i m e s i n a l l three musc les . 

G r o u p A s h o w e d the lowest u l t i m a t e p H values 
i n M. longissimus dorsi, w h i l e i n M. biceps femoris a n d 
A l . triceps brachii the lowest p H values were f o u n d i n 
groups A and G (see Table 3). A s a result o f the 
decrease i n g l y c o g e n content after h e r d i n g the a n i 
mals d o w n to the g r a z i n g corra l ( g r o u p B ) , the u l t i 
mate p H values increased i n this g r o u p . T h e highest 
u l t i m a t e p H values , however, were measured i n 
groups C , D ( in a l l 3 muscles) a n d F ( in A l . triceps 
brachii). T h e u l t i m a t e p H values after 1 a n d 2 days 
of h e r d i n g b y h e l i c o p t e r were the same, b u t after 3 
days o f h e r d i n g the p H values decreased. 

Blood metabolites, abomasal lesions and skeletal muscle 
lesions 
G r o u p C showed the h ighes t A S A T values , o t h e r w i 
se there were no s ign i f i cant differences between the 
groups (Table 4) . H o w e v e r , g r o u p D also tended to 

Table 3. Glycogen content and ultimate p H value in M. longissimus. A l . biceps femoris and A l . triceps brachii (least-squares 
means ± standard errors') for reindeer bulls included in the study (for numbers investigated, see Table 1). 

Treatment group 
A B C D E F G 
N o Before Af ter Selection H e r d e d by H e r d e d by Herded by 

Trait h a n d l i n g selection selection and transport helicopter I d helicopter 2d helicopter 3d 

G l y c o g e n , 
m m o l / k g d r y w e i g h t 

A l . longissimus 2 8 7 " ± 8 . 8 I 6 8 b l ± 1 1 . 8 1 2 4 " ± 1 0 . 8 1 3 0 " ± 1 1 . 8 I 6 7 b , ± 11 . 8 2 0 8 d ' ± 1 1 . 8 2 4 4 " ± 1 1 . 8 

M. biceps femoris 2 6 0 l 2 ± 8 . 8 l 4 8 b l ± 1 1 . 8 1 1 0 " 2 ± 1 0 . 8 1 1 9 b t l ± 1 1 . 8 I 4 8 b l ± l l . . 8 2 1 0 d l ± 1 1 . 8 2 3 6 » d l ± 1 1 . 8 

A l . triceps brachii 1 9 8 a , ± 8 . 8 l i r * 2 ± 1 1 . 8 8 3 b 2 ± 1 0 . 8 9 9 b l ± 1 1 . 8 1 1 3 b c 2 ± l l . . 8 138 ' -+11.8 2 0 2 " 2 ± 1 1 . 8 

p H - v a l u e " 

A l . longissimus 5 . 5 0 " 5 . 6 7 b " 6 . 0 4 " 5 .83 d ' 5 . 7 1 b l 5 . 7 T " 5 . 6 2 " 
5.49-5.52 5.64-5.70 5.98-6.12 5.79-5.88 5.68-5.74 5.68-5.74 5.59-5.65 

At . biceps femoris 5 . 5 2 " 5 . 6 8 b d l 6 . 0 6 " 5.92" 5 . 7 7 d 1 2 5 .67 b d i 5 . 5 1 a 2 

5.51-5.54 5.65-5.71 6.00-6.14 5.87-5.98 5.73-5.81 5.64-5.71 5.49-5.53 

A l . triceps brachii 5 .77 ' 2 5.96" 2 6.36- 2 6 . 2 L 2 5 . 8 7 b J 5 .96 b 2 5.75" 3 

5.74-5.80 5.90-6.02 6.24-6.52 6.12-6.34 5.84-5.94 5.91-6.03 5.71-5.79 

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-cra i t means in the same column having the same superscript (numbers) are not significantly different 
(P>0.05). 
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Table 4. Blood metabolites and abomasal lesions (least-squares means + standard errors) in reindeer bulls included in 
the srudy (for numbers investigated, see Table 1) and the degree of significance for the effect of treatment 
group. 

Treatment group 
A B C D E F G Degree 

Trait N o Before Af ter Selection H e r d e d by H e r d e d by H e r d e d by of 
handl ing selection selection and transport helicopter I d helicopter 2d helicopter 3d s i g n . 1 ' 

A S A T , 1 .8*±0.6 1 .3"±0.8 4 . 9 b ± 0 . 7 2 . 5 1 ± 0 . 8 1 .7*±0.8 1 . 9 a ± 0 . 8 1 . 5 a ± 0 . 8 * 
ukat/1 

Urea , 8 . 0 ' ± 0 . 4 1 0 . 2 C ± 0 . 6 18 .7 f c ±0 .5 1 1 . 3 C ± 0 . 6 8 .7 " [ ±0 .6 2 . 0 d ± 0 . 6 2 . 2 ± d 0 . 6 *** 
mmol/1 

C o r t i s o l , 5 2 . 4 ' ± 6 . 7 5 2 . 6 " ± 9 . 2 9 3 . 5 b ± 8 . 4 1 7 0 . 4 C ± 9 . 2 I 4 . 2 d ± 9 . 2 1 6 . 4 d ± 9 . 2 6 . 2 d ± 9 . 2 

nmol/1 

A b o m a s a l 0 . 1 ' ± 0 . 1 0 ' ± 0 . 2 1 . 2 b ± 0 . 2 1 . 4 b ± 0 . 2 0 . 6 C ± 0 . 2 0 ' ± 0 . 2 0*±0.2 ** 
lesions 

" *=P<0.05; **=P<0.01; * * * = P<0.001. 
W i t h i n - t r a i t means having the same superscript are not significantly different (P>0.05). 

p r o d u c e h i g h values. T h e urea values s h o w e d s i g n i 
ficant differences between g r o u p s , as g r o u p s A , E , F 
and G h a d l o w values a n d g r o u p C h a d the highest . 
T h e Cortisol values were l o w i n g r o u p s E , F a n d G , 
whereas i n g r o u p A they were s u p r i s i n g l y h i g h , sho
w i n g the greatest i n d i v i d u a l w i t h i n - g r o u p v a r i a t i o n 
(mean 52 .4 , S D 62.8) c o m p a r e d w i t h a l l other 
g r o u p s . G r o u p s C and D had s i g n i f i c a n t l y h i g h e r 
Cortisol values c o m p a r e d w i t h the other groups . 
W h e n i n v e s t i g a t i n g the abomasal m u c o s a i t was 
f o u n d that groups C and D had the h ighes t f requen
cies of lesions. Degenera t ive changes i n d i s t i n g u a b l e 
f r o m those of capture m y o p a t h y were present i n a l l 
three skeleta l muscles a n d a l l t reatment g r o u p s . N o 
r e l a t i o n s h i p between t e c h n o l o g i c a l a n d sensory 
meat q u a l i t y characterist ics and skeleta l m u s c l e 
lesions c o u l d be f o u n d i n this study. 

Sensory evaluation 
For sensory e v a l u a t i o n of the meat, groups A , B , C 
and G were i n c l u d e d . S i g n i f i c a n t i n t e r - g r o u p di f fe 
rences were f o u n d r e g a r d i n g odour , c o l o u r and fla
v o u r a t t r ibutes (Table 5). G r o u p A had a stronger 
o d o u r a n d flavour of l iver , w h i l e the sharp a n d s icke-
n i n g l y sweet o d o u r a n d flavour were m u c h less p r o 
n o u n c e d i n th is g r o u p t h a n i n the other groups . 
M e a t f r o m reindeer i n g r o u p A also had a l i g h t e r 
c o l o u r a n d tasted m o r e a c i d i c . 
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Discussion 

T h e dif ferent pre -s laughter h a n d l i n g procedures 
affected the m u s c l e g l y c o g e n stores i n dif ferent 
ways . W h e r e a s h e r d i n g reindeer d o w n to the g r a 
z i n g corra l ( g r o u p B ) and the se lect ion procedure 
(groups C and D ) depleted the g l y c o g e n stores s i g 
ni f icant ly , the g l y c o g e n content of a l l muscles s t u d i 
ed f r o m h e l i c o p t e r herded a n i m a l s were m u c h h i g 
her (groups E , F and G ) ( F i g . 1). These results i n d i 
cate that d u r i n g the he l i copter h e r d i n g the reindeer 
were ac tua l ly able to b u i l d u p the i r g l y c o g e n stores 
rather t h a n t h e m b e i n g deple ted , thanks to gene
rous access to pasture and suff ic ient t i m e to graze, 
w h i l e the c o m b i n e d effect o f the stress of lasso selec
t i o n and l o r r y t ransport (group D ) decreased the 
g l y c o g e n stores s i g n i f i c a n t l y i n M. longissimus dorsi 
even t h o u g h the a n i m a l s had access to feed for 2 
days. M c V e i g h & Tarrant (1982) s h o w e d i n catt le 
that w h e n y o u n g b u l l s were stressed a n d the i r g l y 
cogen stores became deple ted , i t took 7 days of rest 
a n d n o r m a l f e e d i n g to restore the g l y c o g e n stores to 
res t ing values. O u r earl ier studies s h o w e d that g l y 
cogen stores were not reduced w h e n reindeer were 
transported by l o r r y for distances u p to 1000 k m 
( W i k l u n d et ai, 1996) , whereas m a n u a l h a n d l i n g 
and restraint caused severe d e p l e t i o n of g l y c o g e n 
(Essen-Gustavsson & R e h b i n d e r , 1984) . T h e results 
o f the present s tudy indica te that a h e r d - f o r m i n g 
a n i m a l such as the reindeer is m a r k e d l y sensit ive to 
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the restraint stress associated w i t h h a n d l i n g b y the 
procedures used to remove i n d i v i d u a l a n i m a l s f r o m 
the herd/group. 

D F D (dark, firm, dry) meat is a w e l l - k n o w n q u a 
l i t y defect that shortens shel f l i f e , especia l ly for 
v a c u u m - p a c k e d meat a n d also affects meat co lour , 
texture and w a t e r - h o l d i n g propert ies (Tarrant & 
H o o d , 1981) . H a d the of f ic ia l S w e d i s h D F D l i m i t 
for beef been a p p l i e d , w i t h an u l t i m a t e p H value > 
6.2 i n A L longissimus dorsi, A carcasses o f the to ta l o f 
41 (1 f r o m g r o u p B and 3 f r o m g r o u p C ) w o u l d 
have been classif ied as D F D . T h e s laughter i n d u s t r y 
somet imes use a D F D l i m i t o f 5.8 i n the A L longissi
mus dorsi for beef carcasses; i n the present s t u d y the 
use of th is l i m i t w o u l d have classif ied 13 re indeer 
carcasses as D F D (2 f r o m g r o u p B , 5 f r o m g r o u p C , 
4 f r o m g r o u p D , 1 f r o m g r o u p E a n d 1 f r o m g r o u p 
F) . 

F r o m earl ier studies (Skjenneberg et al., 191 A; 
Petaja, 1 9 8 3 ; W i k l u n d eta/., 1995) i t is k n o w n that 
var ious shou lder muscles i n reindeer have l o w e r g l y 
cogen content a n d h i g h e r u l t i m a t e p H values , c o m 
pared w i t h the longissimus musc le . T h i s was also the 
case i n the present study. 

H i g h p l a s m a urea a n d A S A T values have been 
reported to ind ica te c a t a b o l i s m of pro te ins due to 
s u b m a i n t e n a n c e energy in take , or to stress 
( H y v a r i n e n et al., 1 9 7 6 ; N i e m i n e n , 1980 ; 
R e h b i n d e r & E d q v i s t , 1981) . W i k l u n d et al. (19%) 

o b t a i n e d l o w A S A T a n d urea values f r o m reindeer 
i n g o o d p h y s i c a l c o n d i t i o n . C o r t i s o l values have 
been used as a m a r k e r for acute stress i n reindeer 
( R e h b i n d e r et al, 1982 ; W i k l u n d et al., 1994) . T h e 
Cortisol values f r o m the present s tudy d e m o n s t r a t e d 
the d i f f i c u l t i e s w i t h s h o o t i n g re indeer t o t a l l y 
' u n d i s t u r b e d ' i n the m o u n t a i n s , as i n d i v i d u a l a n i 
mals were ser iously affected by the h u n t i n g . E a r l i e r 
s tudies demonst ra ted that mucosa l lesions and hae
morrhages i n the a b o m a s u m c o u l d d e v e l o p after a 
short p e r i o d of acute stress. Stressful re indeer her
d i n g b y means of h e l i c o p t e r i n deep s n o w for 4 
hours caused h i g h frequencies of abomasa l lesions 
( R e h b i n d e r et al, 1 9 8 2 ; R e h b i n d e r , 1990) . F r o m 
the present s tudy, however, we can c o n c l u d e f r o m 
the measured values of b l o o d metabol i tes a n d abo
masal lesions that h e r d i n g by h e l i c o p t e r was not so 
stressful to the re indeer that i t affected the homeos
tasis of the a n i m a l s , whereas the m a n u a l h a n d l i n g 

Table 5- Sensory evaluation scores for meat (Al. longissimus) (least-squares means and standard errors) from reindeer bulls 
in groups A , B, C and G included in the study and the degree of significance for the effect of treatment group, 
n = A in each group. 

A t t r i b u t e Treatment group 
A B C G 

H e r d e d by 
N o Before A f t e r he l i copter S t d . D e g r e e of 
h a n d l i n g se lect ion se lect ion 3 days error s i g n . " 

Intens i ty of o d o u r 3.8* 5 .8 b 6 .9 b c 7.3 ' 0 .39 * * * 

L i v e r o d o u r 4.1» 2 . 9 b 2 . 0 " 1.8' 0 .29 ^ ^ ^ 

P u n g e n t o d o u r 1.4' 4 . 4 b 6.1 b ' 6 .7 ' 0 .63 ^ ^ ^ 

S i c k e n i n g l y sweet o d o u r 1.9" 3 . 7 b 4 . 2 " 4 . 9 ' 0 .28 ^ ^ ^ 

W h i t e n e s s 3.9» 4 . 5 b 4 . 6 b 4 . 3 b 0.08 Jji 

H u e 4.3» 4 . 9 b 5.3 ' 4 .7» b 0.15 *# 

Intens i ty of co lour 3.7" 4 . 5 b 4.9 ' 4 .1» b 0.21 
Intens i ty of flavour 4.5» 5 .9 b 6 . 7 " 7.0 ' 0 .28 
L i v e r flavour 5.1" 3 .5" 2 .5 b ' 2 . 3 ' 0 .32 % 

Sharp flavour 1.3" 4 . 5 b 6.2- 6 .4 ' 0 .55 ^ % $z 

S i c k e n i n g l y sweet flavour 1.7» 3.5" 4 . 2 b 4 . 4 b 0 .24 ^ ^ ^ 

A c i d i c flavour 5 .2 ' 2 . 8 b 1.8 b 1.7 b 0.31 
Ju ic iness 4 . 5 a 4.7» 4.5» 4.5» 0 .12 n.s. 
Hardness 3.8" 4.5» 4.4» 4.5» 0 .26 n.s. 
Tenderness 6.4" 5.7» 5.8» 5.7» 0 .29 n.s. 

" n.s.= P>0.05; * * = P<0.01; * * * = P<0.001. 
Within-at t r ibute means having the same superscript are not significantly different (P>0.05). 
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a n d restraint o f i n d i v i d u a l a n i m a l s d u r i n g the t r a d i 
t i o n a l lasso-select ion procedure had a serious i m p a c t 
o n the reindeer. 

Ske le ta l m u s c l e lesions have earl ier been repor ted 
i n c o n n e c t i o n w i t h stressful s i tuat ions ; h e r d i n g and 
h a n d l i n g of re indeer ( R e h b i n d e r et al, 1982) , 
restraint stress i n p i g s ( B j u r s t r o m , 1995) , capture o f 
w i l d w h i t e - t a i l e d deer ( B e r i n g e r et al., 1996) a n d 
other w i l d r u m i n a n t s ( H a r t h o o r n , 1977) . I n the 
present s tudy, an e v a l u a t i o n o f the extent a n d seve
r i t y o f degenerat ive changes was not poss ib le , p r o 
b a b l y due to the l i m i t e d sample size and n u m b e r o f 
samples o b t a i n e d . M u s c u l a r lesions i n d i s t i n g u a b l e 
f r o m those o f capture m y o p a t h y were however 
recorded i n a l l t reatment g r o u p s . 

T h e present s t u d y has c o n f i r m e d an earl ier fin
d i n g that a 'stress-flavour' c o u l d deve lop i n re indeer 
meat after in tens ive pre - s laughter h a n d l i n g o f the 
a n i m a l s , as the groups selected b y use of a lasso (C) 
a n d herded b y he l i copter for 3 days ( G ) had the h i g 
hest values o f p u n g e n t odour , s i c k e n i n g l y sweet 
odour , sharp flavour and s i c k e n i n g l y sweet f lavour. 
It is c o m m o n k n o w l e d g e a m o n g reindeer h e r d s m e n 
that a n i m a l s that have been exposed to very stressful 
pre -s laughter h a n d l i n g g i v e meat w i t h 'stress-fla
v o u r ' . T h i s flavour is descr ibed as unpleasant , s t r o n g 
- even a c r i d . Several studies have t r i e d to correlate 
the concentrat ions o f substances such as putresc ine , 
s p e r m i d i n e , s p e r m i n e , creatine, creat in ine and 
d i m e t h y l a m i n e i n reindeer meat and p l a s m a w i t h 
the presence o f 'stress-flavour' i n the meat 
( R e h b i n d e r & E d q v i s t , 1 9 8 1 ; H a n s s e n et al, 1 9 8 4 ; 
Rogstadkjcernet & H a n s s e n , 1985 ; H a n s s e n & S k e i , 
1990) , b u t the issue is s t i l l unreso lved . L i v e r flavour 
has been detected i n cuts o f beef semimembranosus 
m u s c l e f o l l o w i n g i n j e c t i o n w i t h lac t i c ac id a n d c a l 
c i u m c h l o r i d e so lut ions , w h i l e n o n - i n j e c t e d cuts 
ev idenced less o f this of f - f lavour (Ei lers et al., 1994) . 
A l l the cuts had very l o w p H values, s i m i l a r to t h o 
se i n g r o u p A i n the present study, where b o t h the 
l i v e r flavour a n d the l i v e r o d o u r were s tronger t h a n 
i n a l l other g r o u p s . Storage of cuts for u p to 17 days 
post mortem d i d not affect the i n t e n s i t y o f l i v e r fla
v o u r i n beef (Ei lers et al, 1994) . 

T h e results f r o m the present s tudy i n d i c a t e d that 
the t r a d i t i o n a l select ion technique of u s i n g a lasso 
m a y w e l l be the most stressful a n d g l y c o g e n - d e p l e -
t i n g h a n d l i n g procedure so far s t u d i e d . B y contrast , 
a m o d e r n t e c h n i q u e such as he l i copter h e r d i n g d i d 
not negat ive ly affect g l y c o g e n content , u l t i m a t e 
p H , the values o f the measured b l o o d metabol i tes or 
the f requency of abomasal lesions. F u r t h e r research 
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is d e f i n i t e l y needed to t h o r o u g h l y invest igate the 
se lec t ion procedure a n d to compare the lasso t e c h n i 
que w i t h other se lect ion m e t h o d s . 

T h e r e is also a need for fur ther research i n the 
field of sensory q u a l i t y o f reindeer meat . I t is o f gre
at genera l interest to s t u d y w h e n and h o w a 'stress-
flavour' develops i n the meat , a n d also to assess the 
effects o f di f ferent f e e d i n g regimes , s tarvat ion , and 
e x t r e m e l y pro t rac ted transport o n the sensory q u a l i 
ty o f re indeer meat . 

T h e r e l a t i o n s h i p between t e c h n o l o g i c a l a n d sen
sory meat q u a l i t y characterist ics and skeleta l musc le 
lesions i n reindeer o u g h t to be fur ther inves t iga ted , 
c o n c e r n i n g meat q u a l i t y as w e l l as a n i m a l welfare. 
F r o m earl ier studies (Barnier , 1 9 9 5 ; W i k l u n d et al, 
1995) i t is k n o w n that , i n reindeer meat , the post
m o r t e m p H dec l ine is r a p i d , w h i c h is u n u s u a l i n 
other i n v e s t i g a t e d r u m i n a n t s . F u r t h e r studies o f the 
post mortem m e t a b o l i s m a n d the speed a n d efficiency 
of m u s c l e proteolys is i n reindeer meat i n re la t ion to 
skeleta l m u s c l e degenerat ion are therefore o f great 
interest . 
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