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Abstract: Three male reindeer (Rangifer tarandus tarandus) calves were brought from mountain pastures in April and fed 
regrowth timothy (Phleum pratense) silage with 76 % leaves and 24.0 % dry matter (DM) ad libitum. The silage contai
ned (on D M basis) 25.4 % cellulose, 12.0 % crude protein and 19-6 % water soluble carbohydrates. After an initial 
period of 11 days the daily silage intake rose to almost similar values for all animals, but independently of food intake, 
body mass (BM) increased by as much as 13.3 kg for animal R3 during the first 21 days, compared to 4.4 kg and 2.8 kg 
for R l and R2, respectively. At slaughter the wet weight of the rumen contents of animal R3 constituted 30.2 % of the 
total B M , compared to 18.5 % and 19.1 % in animals R l and R2, respectively. A reduced ability of the rumen micro-
biota to ferment pure cellulose in vitro was observed in R3. The ruminal p H was 7.07 and the concentration of volatile 
fatty acids was only 50.0 m M in R3, indicating a low rate of fermentation. The initial rates of in vitro dry matter diges
tibility of timothy silage and standard hay were also affected by the rumen fermentation failure in animal R3. 
Depressed rumen cellulolysis, which may be related to natural periods of starvation prior to the feeding experiment, 
could have caused the low rate of fermentation and the large rumen size observed in this animal. 
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Introduction 

Reindeer rely on symbiotic rumen micro-organisms 
to ferment polysaccharides like cellulose and hemi-
cellulose in plant cell walls. The development of the 
rumen and its symbiotic microflora depend on the 
diet and on which genetic feeding type the rumi
nant belongs to. Only few of the predominant 
rumen bacterial species in reindeer exhibit cellulo-
lytic activity (e.g. Hobson et al., 1976; O r p i n et al., 
1985). Semi-domesticated reindeer in northern 
Norway are exposed to seasonal variations in quality 
and availability of food, factors which greatly affect 
the ruminal ecosystem. Unstable weather conditi

ons in the winter sometimes result in ice and crust, 
which covers the pasture, and the animals may the
refore be exposed to periods of acute starvation. The 
density and composition of the bacterial population 
in the rumen of the reindeer is influenced by the 
substrate eaten (e.g. Dehority, 1975; Syrjala et al., 
1973; Hobson et al, 1976; O r p i n et al, 1985; 
Aagnes et al., 1995), and the numbers of bacteria 
decrease dramatically during periods of starvation 
(Mathiesen etal., 1984; Aagnes etal., 1995). After a 
period of starvation changes in both the physiologi
cal state of the animal and its ruminal ecosystem 
may cause problems in adjusting to a new diet i f re-
fed. 
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Different qualities of grass silage have been eva
luated as food for reindeer in winter. Silage of leaf-
rich regrowth of Phleum pratense, Agrostis tenuis and 
Poa sp. seemed to be of l imited nutritional value to 
adult female reindeer, due to poor utilisation wi th 
corresponding low ruminal volatile fatty acids 
(VFA) concentrations and low food intake (Aagnes 
& Mathiesen, 1995). Reindeer are intermediate 
mixed feeders (Hofmann, 1985), and have pronoun
ced limitations in the ability to digest fibrous 
timothy silage wi th only 27 % leaves and 30.4 % 
dry matter ( D M ) cellulose (Aagnes et al, 1994). 
However, Aagnes et al (1994) found that regrowth 
timothy silage consisting mainly of leaves (90 %) 
and as much as 30 % D M water soluble carbohydra
tes (WSC) seemed to satisfy ruminal metabolism 
and the energy requirements of reindeer calves both 
summer and winter. 

The purpose of this study was to investigate the 
relationships between ruminal fermentation, r u m i 
nal cellulose digestion, rumen content fill, food 
intake and body mass (BM) in reindeer calves taken 
from a natural winter pasture and fed regrowth 
timothy silage w i t h 76 % leaves and 19-6 % D M 
W S C . 

Materials and methods 
Animals 
Male reindeer calves (n=3) were rounded up on a 
natural winter pasture in northern Norway (68°N, 
17°E) and taken to Department of Arct ic Biology, 
University of Tromsø in m i d A p r i l 1993 (age 11 
months). The animals were init ial ly offered pelle
ted timothy for 72 hours, but even when mixed 
with lichen (1.5-2.6 k g wet weight during the who
le 72 hour period) they refused to eat it . After this 
period they were offered regrowth timothy silage ad 
libitum once a day. Food intake was recorded daily 
for each animal, except for the first 16 hour period 
(17:00-9:00). The animals were kept in metabolism 
cages (70 cm wide, 148 cm long, 97 cm high) in a 
temperature regulated room (0-5 °C) and exposed to 
a natural photo period allowing expression of their 
natural seasonal appetite (Ryg & Jacobsen, 1982; 
Larsen et al, 1985). The animals were treated for 
parasites using albendazol (Valbazen vet.® Smith 
K l i n e Beecham, pic, England) and fenbendazol 
(Panacut® Hoechst Veterinär, G m b H , München, 
Norske Hoechs a/s, Økern, Oslo) which were admi
nistered orally on day 7 and 12 of the experiment, 
respectively A t the end of the silage feeding trial 
which lasted for 48 d the animals were slaughtered 
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at the time when they normally would have been 
fed. Samples of rumen ingesta were taken for analy
ses and in vitro digestion studies. 

Silage 
Regrowth timothy {Pbleum pratense), which consi
sted o f76 % leaves, was harvested on the 21 August 
1992 at the Norwegian Crop Research Institute, 
Tromsø. Fertiliser had been applied to the sward at 
a rate of 50 kg/1000m 2 (10.8 kg N , 1.8 kg P and 
9.0 kg K ) in the spring and 30 kg/1000m 2 (4.5 kg 
N , 0.75 k g P and 3.75 k g K ) after the first cut, 
which was harvested 23 June. The grass was cut 
using a mower conditioner (JF 190 Freudendahl 
A/S, Sønderborg, Denmark) and wilted for six to 
eight hours. It was subsequently picked up by a flail 
forage harvester (Serigstad 134, Serigstad A/S, 
Bryne, Norway) cutting the grass to a length betwe
en 3-10 cm and packed in bales (600-700 kg) by a 
fixed chamber press, Orkel G P 1200 (Gjønnes 
Mekansike Verksted, Norway). Natuferm® solution 
(homofermentative lactic acid bacteria, Apothe-
kernes Laboratorium, Norway) was added to the 
grass during packing (5 litres/bale). The bales were 
mechanically wrapped with six layers of plastic with 
a Kvernland silowrap 7550 (Kvernland, Sandnes, 
Norway). After fermentation bales used i n the fee
ding experiments were packed in plastic bags (30 
kg) sealed and stored at -20°C prior to use. The sila
ge was thawed before being fed to the reindeer. 

Chemical analysis 
The chemical composition of the silage was deter
mined in a random sample from the bale. It was 
analysed for D M , ash, nitrogen, ether extract, W S C 
and fibres. D M was determined after preheating for 
24 h at 80°C and then heating at 103-105°C for 4 
h. The grass silage was ashed at 550°C for 12 h 
(Horwitz, 1980). Nitrogen was determined using 
the Kjeldahl method (Horwitz, 1980) and crude 
protein estimated after mult ip ly ing by 6.25. True 
protein was determined by boil ing the material in 
water to remove the soluble protein and the remai
ning nitrogen was analysed by the Kjeldahl met
hod. The ether extract was determined using the 
Soxhlet method and extracting wi th diethyl ether. 
N H 3 - N was liberated from an aqueous extract with 
magnesium oxide. The distillate was collected in 
H 2 S 0 4 and excess acid was titrated with N a O H 
(Horwitz, 1980). To determine W S C the material 
was extracted wi th N a O H (Smith & Grotuleschen, 
1966), deproteinsed with zinc sulphide/barium 
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Table 1. Chemical composition of baled regrowth timot
hy (Phleum pratense) silage with 76% leaves and 
of two different standards of hay (Phleum praten
se) (A, high quality and B, poor quality). 

Silage H a y A 1 Hay B 1 

Dry matter ( D M ) , % 24.0 _ 2 -

Chemical composition, 
% of D M : 
Ash 6.3 9.8 4.5 
Crude protein 12.0 22.1 6.9 
True protein 7.8 - -
Ether extract 4.7 3.4 2.1 
Cellulose 25.4 25.2 32.9 
Hemicellulose 22.9 31.9 30.2 
L ignin 2.5 2.3 4.4 
Water soluble carbohydrates 19.6 4.9 15.5 

Formic acid 0.88 _ _ 
Acetic acid 0.92 - -
Propionic acid <0.04 - -
Butyric acid <0.04 - -
Lactic acid 9.25 - -

N H j - N , % of tot. N : 2.6 - -

P H 3.8 — — 

1 Data from Aagnes & Mathiesen (1995) 
2 - , not determined 

hydroxide, and the W S C content assayed using the 
ferricyanide method (Furuholmen et al., 1964). The 
fibre fraction (cellulose, hemicellulose and lignin) 
was calculated from values of N D F , A D F and A D L 
by methods of Van Soest (1963 a, b), Van Soest & 
Wine (1967) and Goering & Van Soest (1970). The 
fermentation products of the silage were detected 
by gas-liquid chromatography (Carlo Erba 
Strumentazione, Fractovap 4200/42, Milano, Italy; 
integrator, Perkin-Elmer, LCI-100). The material 
was chopped while frozen and extracted wi th water. 
Acetate, lactate, propionate and butyrate were 
determined by analysing the water extract with a 
Carbopack/Carbowax stationary phase and detected 
with a flame-ionisation detector (Fussel & McCalley, 
1987; Supelco, 1985). Formic acid was determined 
in an ether extract of the aqueous extract which was 
analysed by G L C with SP1220/H 3 PO 4 as stationary 
phase and detected wi th a thermal conductivity 
detector (TCD) (Hauser & Zabransky, 1975; 
Supelco, P A , 1975). 
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Digestibility 
The in vitro dry matter digestibility ( I V D M D ) of 
cellulose (Whatman no. 1 filterpaper), timothy sila
ge and of two standard qualities of timothy hay (A, 
high quality and B , poor quality) were determined 
w i t h rumen fluid from the three reindeer, using a 
modification of the Til ley & Terry (1963) method as 
described by Aagnes & Mathiesen (1995). Silage, 
standards of hay and cellulose were dried at 60°C 
and mil led using a mesh size of 0.75 m m . The D M 
content of the silage and standards of hay were 
determined after drying at 100°C. Samples of plant 
material (approx. 100 mg) were placed in previously 
dried, cooled and weighed Hungate anaerobic cul
ture tubes fitted wi th a screw cap and a butyl rubber 
septum. Artif icial saliva ( p H 6.9) was prepared 
under C 0 2 according to McDougal l (1948) wi th the 
modifications of Aagnes & Mathiesen (1995), and 
added (9 ml) to each Hungate tube. Rumen fluid (1 
ml), obtained by straining the rumen contents 
through two layers of muslin, was subsequently 
added by syringe to each tube and the tubes were 
incubated in a water bath at 39°C. After 6, 24, 48 
and 72 h of microbial fermentation, 1.1 m l of 2 M 
H C 1 , 1 m l pepsin solution (5 mg/ml distilled water) 
and 1.9 m l water were added by syringe. The tubes 
were incubated for another 48 hours to simulate the 
enzymatic digestion of the abomasum. A l l experi
ments were conducted in quadruplicate. The 
I V D M D was calculated as percent D M disappearan
ce in each tube (Aagnes & Mathiesen, 1995). The 
I V D M D of cellulose (Whatman no. 1 filter paper) 
was calculated in a similar way, but addition of 
water, HC1 and pepsin solution were omitted. 

Ruminal pH, VFA and lactic acid concentration 
Rumen fluid was sampled within 11 minutes after 
death and strained through two layers of muslin. 
The p H was recorded and 5 m l portions were acidi
fied wi th 1.25 m l 0 . 5 M HC1, mixed and stored at 
-20°C for subsequent analyses of V F A and lactic 
acid. Total V F A were determined according to 
S0rmo etal. (1994). 

Body mass and composition 
The animals were weighed once weekly between 
10:00 and 11:00 to 0.5 kg. Carcass weight and wet 
weights of the reticulum-rumen tissue and digesta 
were measured to 0.01 kg . The D M of the reticu
lum-rumen contents was determined by drying at 
106°C. 
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Statistics 
The I V D M D of the silage was compared w i t h the 
I V D M D of the standard hay A and B using the 
Wilcoxen rank-sum test for comparing two treat
ments (Johnson & Bhattacharyya, 1992). The nul l 
hypothesis was rejected at /?<0.05. Regression line 
analysis of the fermentation rates of cellulose and 
hay were calculated with 99 % confidence intervals. 

Results 
Silage 
The chemical composition of the silage and stan
dard hay A and B is presented in Table 1. The silage 
contained more W S C than both hay A and B. The 
cellulose content of the regrowth timothy silage 
resembled that of the high quality hay, while the 
crude protein and l ignin contents of the silage fell 
between the two standards of hay (Table 1 ). 

1,2 - I 

0 10 20 30 40 50 
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Fig. 1. Food intake and body mass in reindeer calves fed 
ad libitum regrowth timothy (Phleum pratense) 
silage. Animal R l (•); R2 (•) and R3 (•). 
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Fig. 2. Median in vitro dry matter digestibility (% 
IVDMD) of pure cellulose (Whatman no. 1 filter 
paper) in rumen fluid from reindeer calves fed ad 
libitum regrowth timothy (Phleum pratense) silage 
in winter. Animal R l (•); R2 (•) and R3 (•). 

Food intake 
The daily intake of silage rose to similar values for 
all three animals after an init ial adaptation period of 
approximately 11 days (Fig. 1). The median (range) 
daily D M intake of timothy silage increased from 
104 g (26-208 g) in the first 16 h, to 442 g (273¬
663 g) on day eight and to 941 g (892-941 g) on 
day 20 (Fig. 1). 

Digestibility 
The median I V D M D of pure cellulose in rumen flu
id from reindeer calves fed regrowth timothy silage 
increased from 27.8 % (range 3.3-29.5 %) after 24 
h microbial digestion, to 70.4 % (range 51.8-75.5 
%) after 72 h digestion (Fig. 2). A marked delay in 
cellulolysis was found in animal R 3 , but during the 
24-72 h incubation period the rate of cellulose fer
mentation was similar in all animals. O m i t t i n g the 
6 h value for animal R 3 , regression line analysis for 
the three individual curves in Fig 2. showed similar 
slopes (median 1.02, range 1.01-1.09) for all curves 
(correlation coefficients 0.97-0.99). 

The median I V D M D of timothy silage using 
rumen fluid from the reindeer calves increased from 
52.5 % (range 51.0-52.5 %) after 6 h incubation, 
to 76.9 % (range 76.3-77.4 %) after 48 h. The 
I V D M D of standard hay A was significantly lower 
than the I V D M D of silage after 48 h ( W s = 6 , rij and 
n 2 = 3 , ^ 0 . 0 5 ) , and the I V D M D of hay B was signi
ficantly lower than that of the silage at both 6, 24, 
48 and 72 h ( W s = 6 , n L and n 2 = 3, /><0.05), increa
sing from 28.4 % (range 26.8-28.4 %) after 6 h to 
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Table 2. Ruminal p H , total concentration of volatile fat
ty acids (VFA) and lactic acid, percent of aceta
te, propionate and butyrate and the acetate/pro-
pionate ratio in reindeer fed baled regrowth 
timothy (Phleum pratense) silage. 

A n i m a l R l R2 R 3 

p H 6.82 6.95 7.07 
Total V F A (mM) 75.5 60.7 50.0 
Lactic acid (mM) 0.23 0.67 0.25 

% of total V F A 
Acetate 69.9 73.0 75.1 
Propionate 20.7 19.4 18.4 
Butyrate 9.4 7.6 6.5 

Aceate/propionate 3.37 3.76 4.08 

53.6 % (range 52.6-54.9 %) after 48 h. The init ial 
rate of digestion of the silage and hay were lower in 
animal R3 than in the other animals (Fig. 3). 

Ruminal pH, VFA and lactic acid concentration 
The ruminal p H , V F A and lactic acid concentration 
are presented in Table 2. The ruminal ratio of aceta-
te/propionate (4.08) was higher in animal R 3 , com
pared to 3.37 and 3.76 in animal R l and R2 , 
respectively. 

Body mass and composition 
A t arrival at the Department of Arct ic Biology the 
median (range) B M of the three calves were 33.7 k g 
(33.1-36.7 kg). A t the end of the feeding trial it 
had increased to 43 kg (41-49 kg) (Fig. 1, Table 3). 
A dramatic increase in B M observed for animal R 3 
(Fig. 1) was related to the large amount of ingesta 
found in the reticulum-rumen after slaughtering 
the animal (Table 3). The carcass weight and femur 
length of animal R 3 resembled that of the other two 
animals in the trial (Table 3). 

Discussion 
In the current experiment one animal, R 3 , failed to 
adapt to high quality timothy silage (Table 1) and a 
decreased ability of it's rumen fluid to ferment cel
lulose in vitro was demonstrated (Fig. 2). Depression 
of rumen cellulolysis in reindeer fed silage in winter 
may be caused by several factors, like the animals 
physiological state and the chemical composition of 
the food. Grass undergoes processes which alter its 
physical and chemical properties during silage-
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making. Soluble carbohydrates in the grass are fer
mented to organic acids, mainly lactate, but also 
significant amounts of acetate, and many nitroge
nous compounds such as amines. The silage used in 
this experiment contained 19-6 % D M W S C . A 
high content of W S C may reduce fibre digestion 
due to preference by rumen micro-organisms for 
W S C rather than fibre components (e.g. M o u l d & 
0rskov, 1984; Simpson, 1984). Furthermore, fer
mentation of W S C could reduce ruminal p H , and 
reduction of ruminal p H from 6.8 to approximarely 
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Fig. 3. Median in vitro dry matter digestibility (% 

IVDMD) of baled regrowth timothy (Phleum pra
tense) silage and of two different qualities of hay 
{Phleum pratense) (A, high quality and B, poor 
quality), in rumen fluid from reindeer calves fed 
ad libitum timothy silage in winter. Animal R l 
(•); R2 (•) and R3 (•). 
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Table 3- Body mass, carcass weight, femur length and 
rumen size of reindeer fed baled regrowth 
timothy (Phleum pratense) silage in winter. 

A n i m a l R l R2 R3 

Body mass (kg) 41 43 49 
Carcass weight (kg) 19.3 19.8 19.8 
Femur length (cm) 23 23.4 23.7 

Reticulum rumen: 
Contents (kg wet weight) 7.6 8.2 14.8 

(kg dry weight) 0.67 0.77 1.29 
Tissue (kg wet weight) 0.97 1.10 1.25 

6.0 is known to give a moderate depression in fibre 
digestion, whereas a decrease in p H below 6.0 cause 
severe inhibit ion (Mould et al, 1984). The ruminal 
p H recorded (Table 2) was, however, well above the 
p H threshold for cellulolysis (Mould et al, 1984). 
The I V D M D of regrowth timothy silage w i t h as 
much as 30 % D M W S C (T. H . Aagnes, unpubl. 
data) was even higher than that of our silage (Fig. 3) 
in winter, indicating that the rumen fermentation is 
stimulated by W S C . 

Chemical components in grass silage may inhibit 
bacterial activity and, hence, breakdown of fibre. 
The timothy silage used in this experiment was, 
however, of high quality (Table 1), and since all ani
mals were offered the same food, grass chemistry 
was probably not the major cause of reduced rumen 
cellulolysis and the large ruminal contents wet 
weight observed in animal R3 (Fig. 2). 

The reindeer calves were taken directly from a 
winter pasture in northern Norway, where the avai
lability of food may change dramatically during the 
winter. Animal R3 seemed to be in a poor conditi
on, looking more skinny and resting more, compa
red to the other animals upon arrival at Department 
of Arct ic Biology. This may have been due to previ
ous starvation or periods of reduced food and water 
intake. A dramatic increase in B M during the first 
week of the experiment (Fig. 1) could be related to a 
large weight of the rumen contents in this animal 
observed at slaughter (Table 3), even though daily 
food intake of this animal resembled that of the 
other animals (Fig. 1) and the mean (±SE) water 
intake (kg/d, sampled day 36-45 of the silage fee
ding trial) was not particularly high in R3 
(0 .16±0.05) compared to R l (0 .45±0 .07) and R2 
(0 .12±0.04) (Olsen, unpublished data). The rumi
nal V F A concentration of animal R3 was low com-
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pared to the other animals (Table 2) and resembled 
the mean (±SD) concentration of V F A s observed by 
Aagnes and Mathiesen (1995) i n reindeer calves 
(n=5) fed silage of mixed grasses in winter 
(47 .06±5 .21 m M ) . Starvation prior to the experi
ment may have affected the physiological state of 
the animal and the rumen microbiota in such a way 
that rumen fermentation and cellulolysis was 
depressed. A short period of starvation is known to 
reduce the bacterial population densities and 
change the bacterial species composition in the 
rumen of reindeer (Mathiesen et al., 1984; Aagnes et 
al., 1995). In fact, the population densities of bacte
ria associated wi th rumen solids decreased by 52.5 
% after only one day of starvation and as much as 
95.9 % after four days (Aagnes et al, 1995). Fibre 
fermenting bacteria interact and coexist with each 
other and other bacteria not able to ferment fibre 
(e.g. Dehority, 1973; Scheifinger & W o l i n , 1973; 
Latham & W o l i n , 1977; Fondevila & Dehority, 
1994). In such a synergistic system different bacte
rial species have complementary activities resulting 
in greater formation of products than when growing 
alone. In vitro studies have demonstrated a synergis
tic increase in forage cellulose digestion by combi
ning several different cellulolytic bacteria with the 
non-cellulolytic bacteria, Bacteroides ruminocola 
(Dehority & Scott, 1967). A change in the composi
tion of the ruminal bacterial population, wi th redu
ced numbers of one or several of these synergistic 
bacteria may therefore influence on the cellulolysis 
when re-feeding the animal. Data from domestic 
ruminants like sheep and cattle shows that in vitro 
rumen cellulolysis is greatly affected by starvation 
( 2 ^ days) but is restored to normal when re-fed 
(Meiske et al., 1958; Q u i n , 1951). The effect of star
vation and subsequent feeding on in vitro rumen cel
lulolysis in reindeer st i l l remains to be evaluated. It 
is, however, evident that cellulolytic bacteria are 
present in the rumen fluid obtained from animal R3 
(Fig. 2) although at low numbers. The rumen 
micro-organisms seems to be unable to digest the 
plant particles at high enough rate to match the 
food intake, and this may explain the increase in 
rumen contents (Fig. 1). The rumen contents (Table 
3) may have increased to the extent that efficient 
mixing of the contents and movement of fibre-
digesting bacteria were prevented, causing accumu
lation of undigested material in the rumen. The 
D M percentage of the reticulum-rumen in R3 was, 
however, not higher than in the other two animals 
(Table 3). A longer retention time of ingested silage 
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in R 3 may have led to a lower ammonia-N level in 
the rumen of R3 compared to R l and R 2 , which 
may have contributed to the delayed cellulose fer
mentation. 
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