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SUMMARY

Two experiments each with two rates of feeding (maintenance and twice maintenance) were
conducted during summer 1993/94 (Expt 1) and summer 1994/95 (Expt 2), at Massey University,
New Zealand. Four sambar and four red deer, including stags and hinds aged 10-14 months, were
used in each year. Animals were fed a pelleted diet (total N 30 g/kg DM; NDF 247 g/kg DM).
Digestibility and nitrogen (N) balances were determined using deer metabolism cages, whilst methane
production and heat production were determined using open circuit respiration calorimetry, with
measurements made on each deer at both rates of feeding. Digestibility and metabolizability of energy
were greater for sambar than for red deer in Expt | but not in Expt 2. Nitrogen retention, expressed
as a proportion of N intake, was similar for sambar and red deer. Metabolizable energy required for
maintenance (ME ) was 474 kJ kg W~*"* d-! for sambar deer and 567 kJ kg W-*" d-! for red deer,
whilst the efficiency of utilization of ME above maintenance (k,} was similar for sambar deer and red
deer. These studies indicated thar the sambar deer had lower rates of maintenance heat production
than the red deer, which may explain the sambar's superior feed conversion measured in previous
experiments. However, the two species utilized nitrogen with similar efficiency, when fed a high

quality ration.

INTRODUCTION

Red deer (Cervus efaphus) have strong seasonal cycles
of growth and voluntary feed intake (VFI), with
maximum values in summer and minimum values in
winter (Suttie er af. 1987; Barry er al. 1991), The
energy requirements for both maintenance and body
gain in young growing red stags and hinds have also
been studied by Simpson et al. (1978), Fennessy et al.
(1981) and Suttie er al. (1987). A study with North
American wapiti calves {Cervus elaphus) indicated
tower energy requirements in summer and higher
energy requirements in winter for both maintenance
and growth (Jiang & Hudson 1994).

Interest in domesticating tropical deer is increasing,
but there is limited information available on their
nutritional requirements. Seriadi ef a/. {1995) showed
that growing tropical sambar deer (Cervus umicolor)
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had less pronounced seasonal cycles in voluntary feed
intake (VFI) and body growth. and better feed
conversion efficiency (FCE) than growing red deer
(Cervus elaphus).

The objectives of this study were to determine
ration metabolizability (metabolizable energy (ME)/
gross energy (GE)), ME requirements for maintenance
(ME_) and the efficiency of utilizadon of ME for
growth (k) in young sambar and red deer, using a
combination of nutrient balance and calorimetry
techniques. Efficiency of nitrogen (N) retention was
also measured.

MATERIALS AND METHODS
Experimental design

Two experiments. each with two rates of feeding, were
conducted at Massey University, New Zeaiand (42° §)
during the 1993794 summer (Expt 1) and the 1994/95
summer (Expt 2), using four young sambar and four
young red deer in each year. Animals were fed a
pelleted concentrate diet at approximately main-
tenance (low intake) and twice maintenance (high
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intake) rates of ME intake in both metabolism cages
and respiration chambers.

In Expt 1. pairs of animals were initiallv fed at
maintenance for 4 weeks followed by twice main-
tenance for another 4 weeks. In Expt 2, one pair of
animals was initially fed at maintenance and the other
pair was initially fed at twice maintenance for 4
weeks; the reverse sequence was then followed for the
next 4 weeks. Heat production and methane pro-
duction were measured using indirect calorimetry,
followed by measurement of faeces and urine excretion
of both energy and N whilst the deer were confined in
metabolism cages.

Animals

All deer calves were artificially reared from birth,
using the procedures described by Semiadi et al.
(1993). Four sambar and four red deer were selected
for quiet temperament from larger groups of hand-
reared animals (Table |). Sambar deer give birth to
their calves ¢. 6 months later in the season than red
deer in NZ (Semiadi er al. 1994 4), and peak voluntary
feed intake (VFI, March) occurs ¢. 3 moaths later
than for red deer (December; Semiadi et al. 1995). As
a result, all measurements were made first with red
deer during November/December, followed by sam-
bar deer (January/February), when both species were
undergoing their first period of maximum growth and
were as similar in age and in weight as possible. Due
to the small numbers of deer available, there were
some differences in weight and age between the two
species. which were larger in Expt 1. Animals were
weighed at the beginning and end of each period. Due
1o behavioural problems, one sambar deer had to be
removed from the data calculation in Expt 1.

Diets

All animals were fed a pelieted diet (Table 2),
comprising (on a dry weight basis) barley (39-8 %),
bran (23:0%), brewer's grain (50%), soyabean
(10-0%), lucerne {150%), molasses (4-0%), salt
(10%), lime (1-3%), dicalcium phosphate {0-5%)
and a vitamin mix {0-2%). The lower rate of feeding
was intended 1o be equivalent to maintenance, and
was assumed to be 0-52 MIJ.kJ kg W-"% d-! for red
deer (Fennessy er al. 1981) and 5% less for sambar
deer. Feed intakes for the high groups were set at
twice those of the maintenance groups.

Calorimerry

The calorimetric measurements were carried out in
twa open circuit chambers, generally as described by
Holmes (1973). The average temperature at the
maintenanee rate of feeding was 17-20°C and at
twice maintenance was 14-16 °C. The composition of
air samples drawn from the ingoing and exhaust
airsireams were measured by paramagnetic and
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infrared (Servomex, United Kingdom; Beckman,
USA) gas analysers. These analyses were carried out
on aliquot representative samples (. 7000 ml) col-
lected at a constant rate during each 24 h period.

Heat production was calculated from oxygen
consumption, carbon dioxide production. methane
preduction and urinary nitrogen excretion using the
equation of Brouwer (1963).

Faeces and urine losses

Faeces and urine were collected for 7 days, following
an adjustment period of 6-8 days to the metabolism
cages. Feed refusals, faeces and urine from individual
animals were weighed daily. Urine was collected in
buckets containing sufficient H,SO, (25% v/v;
250 mi/l) to maintain pH at < 3-5. Animals were fed
once daily and drinking water was freely available.
Metabolism cages were similar 10 those described by
Milne er al. (1978).

For ecach digestion period, samples of feed on offer
were collected daily and pooled at the end of each
trial. Samples of feed refusals, faeces and urine (10%
of the daily total) for each animal were collected daily
and stored at —20°C. At the end of each trial,
samples were thawed and pooled for each animal,
mixed thoroughly and subsampied.

Laboratory methods

Samples of feed on offer, feed refusals and faeces were
freeze-dried, ground 1o pass through a | mm sieve
(Willey Mill, USA) and analysed for organic matter
(OM), total N and energy contents. Dry matter (DM}
content was determined by drying ar 105°C to
constant weight (48 h for faeces). Orzanic matter was
determined by ashing overnight at 530 °C, total N
was determined by the Kjeldahl method and gross
energy was determined using an adiabatic bomb calo-
nmeter (Gallenkamp Autobomb; Loughborough,
Leics, UK). Samples of feed and faeces were pelletted
(0-5-0-8 g DM, 12 mm diam) prior 10 combustion.
Total N and energy contents of urine were deter-
mined by the Kjeldahl method and bomb calorimetry,
respectively.

Data calculation and siatistical analysis

Because of the significant interaction betweer years
and deer species, data were analysed separately for
each year as a separate experiment. Effects of rate of
feeding, deer species and their interactions on ap-
parent digestibility, energy losses. metabolizabhility,
nitrogen excretion and nitrogen retention were ana-
lvsed using the Statistical Analysis System package
(SAS 1987). In order to estimate ME, and k,.
relationships between energy retained and ME intake
were studied by linear regression analysis for each
deer species.
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Table |. Duration of the experiments. mean initial age (days, 5.£.) and initial body weight (kg. 5.E.) of sambar and
red deer used in the calorimerry and digestion trials during 1993794 (Expt 1) and 1994/95 (Expt 1)

Number of
amimals
[nitial age  Initial body
Experiment Species Duration Stags Hinds (days) weight (kg)
l Red deer 01.01.93-01.12.93 1 3 335 () 586 (3-1)
Sambar 19.01.94-21.02.94 1 2 323 (35) 7519
2 Red deer 24,11.94-24.01.95 1 3 342 (2) 720 {1-5
Sambar 01.02.95-23.03.95 2 2 425 (60) 94-0 (4-6)

Table 2. Chemical composition (g/kg DM) of the
pelleted diet used during the 1993/9¢ (Expt 1) and
1994795 (Expi 2) studies

Table 4. Gross energy inake (MJ/day) and energy
lpsses (Yo gross energy intake) in sambar and red deer
Jed a pelleted dier ar two feeding rates

Expt 1 Expt 2
Total aitrogen (N) 290 307
NDF 256 238
ADF 92 86
Lignin 20 17
Heat of combustion 183 172
{MJ/kg DM)

Table 3. Mean apparent digestibility of the pelleted
rarion fed to growing sambar and red deer at two
JSeeding raies

Red deer  Sambar deer

Experiment [ (n=4) {n = 3} S.E.
Low rate

Dry matter 071 0-78 0-01%

Organic mater 072 0-80 0-018

Energy 070 077 0-018
High rate

Dry matter 0-70 079 0019

QOrganic matier 0-73 0-31 0017

Energy 0-70 0-79 019

Red deer Sambar deer

Experiment 2 n=4) n=4 S.E.
Low rate

Dry matter 072 74 0-018

Organic matter 0-76 0-78 0016

Energy 0-74 0-76 0017
High rate

Dry matter 074 0-74 0021

Organic matter 078 078 Q018

Energy 077 077 0021

RESULTS

The chemical composition (g/kg) of the pelleted
concentrate diet used during the experiments was

Sambar
Red deer deer
Experiment | (n=4) {n=13} sE
Low rate
Gross energy intake (MJ) i79 172 0-25
Energy losses (%)
Faeces 399 230 1-84
Methane 4-9 61 0-24
Urine 50 46 18
Metabelizable energy (%) 602 66 1-77
High rate
Gross energy intake (M) 352 300 1-47
Energy losses (%)
Faeces 301 218 1-88
Methane 47 6-8 041
Urine 29 36 041
Metabolizable energy (%) 62-3 68-1 1-46
Sambar
Red deer deer
Experiment 2 r=4) {n=4) sE
Low rate
Gross energy intake (MDD 18-4 188 0-39
Energy losses (%)
Faeces 257 237 1-70
Methane 4.9 &1 0-46
Urine 44 50 0-23
Metabolizable energy (%) 650 652 1-75
High rate
Gross energy intake (MJ) 360 247 2-44
Energy losses (%)
Faeces 232 233 207
Méthane 47 &8 048
Urine 28 40 0-43
Metabolizable energy (%) 693 639 -84

similar in both years (Table ). There was no
interaction between rates of feeding and deer species
for digestibility in either experiment (Table 3). Sambar
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Table 3. Nitrogen (V) intake, excretion and retention in
sambar and red deer fed a pelleted diet al two feeding
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Table 6. Energy balunce values (MJ kg W™ 1) i
sambar ad red deer ted a pelleted diet ar two Seeding

rates raies
Sambar Red deer  Sambar deer
Red deer deer Experiment | (n=4d) (=% 5.E.
Experiment ! n=4) n=23} s.&
Low rate
Low rate Liveweight (kg) 393 776 396
N intake (g/d} 280 266 30 GE inwake 0-84 0-66 0-037
Fuaeces N (% intake) 324 273 1-86 ME tntake 0-50 044 0-022
Urine N (% intake) 570 576 1-39 Hear preduction 0-53 0-48 0025
N retention (% intake) 106 15-1 220 Energy retained -005 —004 0-009
High rate High rate
N intake (g/d) 569 473 254 Liveweight (kg) 61-2 313 439
Faeces N (% intake) 340 261 1-82 GE intake 1-61 1-10 0109
Urine N (% intake) 380 422 3-95 ME intake 1-00 076 0-059
N retention (% intake) 280 317 5-10 Heat production 0-70 0-53 0037
Energy retained 030 023 004
Sambar
Red deer deer Red deer  Sambar deer
Experiment 2 (n=4) (n=4 s Experiment 2 {n=4) (n=4) S.E.
Low rate Low rate
N intake (g/d) 326 337 106 Liveweight (kg) 723 932 545
Faeces N (% intake} 280 226 1-85 GE intake 075 0-63 0023
Unne N (% intake) 558 62-1 169 ME intaks 047 041 0019
N retention (% intake) 162 153 1-69 Heart production 0-54 044 0020
High rate Energy retained —0-06 —003 0013
N intake (g/d) 637 42-4 426 Heat rate
Faerces N (% intake) 268 234 248 Livewsight (kg) 729 93-3 335
Urine N (% intake) 413 472 268 GE intake 1-33 097 (0-086
N retention (% intake) 37 29-4 1-62 ME intake 092 063 0062
Heart production 0-69 034 0:033
Energy rerained 023 ¢-09 0032

deer digested DM, OM and GE intake more efficiently
(P < 0-01} than red deer in Expt 1, but in Expt 2 there
was no significant difference in digestibility between
the deer species.

In Expts | and 2, there were interactions (P < 0-10;
Table 4) between rates of feeding and deer species for
gross energy intake, due to the lower intakes of
sambar deer at the high rate of feeding in Expt 2. [n
Expt I, sambar deer had smaller (P < 0-01) energy
losses in faeces and had higher ration metabolizability
(ME/GE) (P < 0-01) than red deer. Faecal energy
iosses and ration metabolizability were similar for
sambar and red deer in Expt 2.

The interaction between deer species and rate of
feeding for nitrogen intake (NI) in Expts | and 2 was
significant {P < 0-10; Table 5), but not in other
variables. Sambar deer excreted less N in faeces (P <
0:05) but more N in urine than red deer. consequently
N retention was similar for both species.

The numbers of males and females were unba-
lanced; however there was no obvious difference
between the sexes.

Sambar deer were significantly heavier (P < 0:01;
Table &) than red deer. Energy retention at the low

feeding rate was close to zero, as planned in the
experimental design. Energy retention was consider-
ably higher at the high rate of intake in all instances,
except for the sambar deer in Expt 2. which had a low
intake (Table 4).

When energy retention (ER; MJ W% d-1) was
regressed on ME intake (MEL; MJ W-"% d-%), signifi-
cant linear relationships (P < 0-001)} were obtained
for each deer species in each year. The equations were
similar between years for each deer species, and the
poeled equations shown below were then calculated
for each species. The metabolizable energy require-
ment for maintenance of energy balance was con-
siderably lower for sambar deer than for red deer (474
v. 367 k] kg=***d-') for red deer and sambar. re-
spectively) but &, values were similar for both species
{0-68 and 0-73 for red deer and sambar, respecrively).

In Expts 1 and 2, for red deer, ER = — 383 (s.E.
32:3)+(-68 MEI (5.E. 0-042) (r =093, P < 0-001),
while for sambar deer, ER = —346 (5.£.40-3}+
0-73 MEI (5.£. 0:071) (r = 0-90. P < 0-001}.
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DISCUSSION

The present results are based on measurements with
small numbers of deer. made ar ages and weights
which differed slightly between species. The actual
weights should be compared with estimated mature
weights of 100 and 230 kg for red deer hinds and stags
respectively and with values ¢. |-5 times heavier for
sambar. Despite these limitations. the results do
provide some valuable comparative data for the two
species of deer.

The most important finding from this study was
that ME_ was lower for sambar deer than for red
deer. and that &, vaiues were similar [or the two deer
species. This shows that maintenance heat production
was lower for the tropical sambar than for the
lemperate red deer and provides a logical explanation
for the sambar’s superior feed conversion efficiency
measured in previous experiments (Semiadi er af.
1993). Frisch & Vercoe (1969) also found better feed
conversion in tropical {Bos indicus) than in temperate
{Bos taurus) cartle, due mainly to the lower fasting
heat production of the tropical cattle associated with
lower ad libitum feed intake. On the basis of this
limited evidence, it seems that deer and cattle which
evolved in the twropics have adapted by reducing their
heat production and thereby increasing the efficiency
with which they wtilize dietary energy.

Averaged over both experiments, ration metaboliz-
ability (ME/GE) was 66 % for sambar deer and 64 %
for red deer. whilst digestibility of energy was 77 and
73%, respectively, for the two deer species. These
differences are small relative to the difference between
deer species in ME_, and were due entirely to the
significant differences in Expt |. Semiadi er al. (1994 )
found no difference in digestive efficiency between
sambar and red deer when fed a medium quality
roughage (60% OMD), whilst Howse er al. (1995)
found no difference when the two deer species were
fed a low quality roughage diet (42% OMD). The

present results with a high quality diet (77 OMD)
confirm the general finding that differences in digestive
efficiency between sambar deer and red deer are either
zero or small. Whilst differences between deer species

- were detected in energy metabolism. no differences

were detected in N retention when fed a high quality
diet. This differs from the results of Howse er af.
(1995), who found less negative N balance in sambar
than in red deer when both were fed a low quality
roughage. It therefore seems that sambar deer could
conserve N better than red deer when both are losing
N (i.e. in negative N balance), but when both are
growing and retaining N then there appears to be no
difference in N retention between the two species.

A notable feature of the present results was that
sambar deer did not consume all the feed that was
offered at the high rate of feeding, resulting in a lower
feed intake in sambar than in red deer. This occurred
in both experiments. but was more marked in Expt 2,
and supports the ecarlier results of Semiadi er al.
{1995}, It may be associated with the lower ME
required by the sambar deer and is similar to resuits
for Bos indicus cattle (Frisch & Vercoe 1969). The
effects of differences in feed intake were reduced in the
data analyses by expressing all energy losses relative
to the amount of energy consumed.

Overall. it can be concluded that sambar deer have
iower rates of maintenance heat production than red
deer and therefore. at a particular rate of ME intake,
sambar deer retain more energy than red deer. This
may be the result of an evolutionary adaptation to
high tropical environmental temperarures.
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