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"And livestock He (Allah) has created for you (human beings):
from them you derive warmth, And numerous benefits,

And of their (meat) you eat". (Qur’an Surah Al- Nahl (16): 5)

"Allah! There is no god But He - the Living, The Self-subsisting, Eternal.

No slumber can seize Him Nor sleep. His are all things in the heavens and on earth.
Who is there can intercede In His presence except As He permitteth?

He knoweth What (appareth to His creatures as) Before or After Or Behind them.
Nor shall they compass Aught of His knowledge Except as He willeth.

His throne doth extend Over the heavens And the earth, and He feeleth No fatigue
in guarding And preserving them For He is the Most High, The supreme (in glory)"
(Qur’an Surah Al-Bagarah (2): 255)
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ABSTRACT

Forty four weaner red deer (Cervus elaphus) fawns (26 stags; 18 hinds) were
used to investigate the effects of grazing pure red clover (Trifolium pratense) or
perennial ryegrass (Lolium perenne)/white clover (Trifolium repens) pastures and
immunisation against melatonin upon growth and venison production, with the
objective of the stags attaining a minimum target slaughter liveweight (92 kg LW;
>50 kg carcass) by 12 month of age. The experiment was conducted at the Deer Unit
Massey University, NZ, during 1991.

The animals were randomly allocated into eight treatment groups (starting on
13 March 1991), with the combination of pasture types ((pure red clover (RC) or
perennial ryegrass/white clover (PRG/WC)), sex (male or female) and immunisation
(against melatonin or placebo only). The deer were rotationally grazed on either RC
or PRG/WC pasture (feed allowances 6, 7 kg DM/h/day, respectively) during autumn
and spring. During winter, all animals were combined and grazed together on
PRG/WC pasture (6 kg DM/h/day feed allowance), at a pasture residual DM of 1100
kg DM/ha. The subcutaneous anti-melatonin injections were administered to the
immunisation groups at birth and at weaning.

Pre-grazing herbage mass for RC or PRG/WC were respectively 3568, 3706
kg DM/ha in autumn; 2726, 2150 kg DM/ha in spring; 1736 kg DM/ha in winter.
Post-grazing herbage mass for RC or PRG/WC averaged at 1822, 1882, in autumn;
1705, 1334, in spring; and 1170 kg DM/ha in winter, respectively. Total nitrogen (N)
and organic matter digestibility (OMD) concentration of both feed on offer (FO) and
diet selected (DS) were higher in RC than PRG/WC (FO total N: 3.4 vs 3.4% DM
in autumn, 4.1 vs 2.6% DM in spring; FO OMD: 77.3 vs 78.6% OM in autumn, 84.5
vs 80.3% OM in spring; DS total N: 4.2 vs 3.9 % DM in autumn, 4.7 vs 3.3% DM
in spring; DS OMD: 84.2 vs 83.2% OM in autumn, 87.7 vs 82.4% OM in spring).

Liveweight gain (LWG) of RC stags and hinds was significantly higher than
PRG/WC animals in autumn (237 vs 207; 197 vs 159 g/d; P<0.01) and in spring (346
vs 281; and 260 vs 188 g/d; P<0.001), but not in winter (94 vs 95; 38 vs 40 g/d;
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P>0.05). Weaner stags and hinds grazing RC forage had significantly higher
voluntary feed intake (VFI) than the comparable animals grazing PRG/WC pasture
in either autumn (P<0.05) or spring (P<0.001). By 12-month of age, stags grazing RC
were 6 kg heavier and hinds 7 kg heavier than animals grazing PRG/WC forage. All
(100%) RC stags attained the minimum target slaughter LW (>92 kg LW; 50 kg
carcass) by 12-month of age at the end of November, compared to 90% of PRG/WC
stags. Carcass weights (kg) and dressing percentage (%) of RC stags were
significantly higher than PRG/WC stags (58.9 vs 53.3 kg, P<0.01; 56.2 vs 52.4%,
P<0.001), but the carcass GR was not different (P>0.05) either after or before being
adjusted to equal carcass weight.

The immunisation treatment did not provide any significant responses
(P>0.05) in LWG and did not affect plasma prolactin concentrations. The
immunisation against melatonin treatment did not give any significant effects
(P>0.05) on all measurements of carcass production.

In conclusion, these studies show that early venison production from grazed
PRG/WC pastures is possible, and that this can be further improved by inputs of RC.
Weaner red deer grazing red clover forage during autumn and spring grew and
produced venison better than animals grazing conventional PRG/WC pastures. The
immunisation against melatonin did not provide any significant effects on growth and
venison production from weaner red deer grazing either RC or PRG/WC forages. RC

offers very good potential as a special purpose forage for venison production.



vi

ACKNOWLEDGEMENTS

BISMILLAAHIR-RAHMA ANIR-RAHIIM
In the Name of ALLAH, the Most Merciful the Most Beneficent

First of all, I would like to express my sincerely gratitude to Prof. T.N.
Barry, my chief supervisor, for his very kind supervision, guidance, advice,
supporting and encouragement during my Masterate study at the Department of
Animal Science, Massey University.

I also wish to express my gratitude to my supervisors:

Prof. J. Hodgson, for his supervision regarding to agronomy.

Prof. P.R. Wilson, for his supervision regarding to animal (deer) health.

Dr. R.W. Purchas, for his supervision regarding to venison carcass production and
measurement.

Thirdly, I am also grateful for their valuable assistance to:

Mr. C.W. Howell, for deer herd management assistance.

Mr. L. Audige, a Phd. candidate, for blood sampling and velveting assistance.
Mr. G.S. Purchas, for technical assistance.

Mr. D.A. Hamilton, for nutrition analysis assistance.

Miss. MLF. Scott, for hormonal analysis assistance.

Mrs. B.J. Purchas, for chromium analysis assistance and her kind encouragement
at my difficult times.

Mr. G. Semiadi, a Phd. candidate, for statistical analysis assistance.

All Massey University Deer Group members, for their coordination.



vii

All staff and Post-Graduate Students in the Department of Animal Science.
Mike Randall and Rachel Gundesen, my Student Support Officers, for their kind
supporting.

I also thank all my Indonesian and International students for being the best
friends.

Finally and mostly, I would like to express my wonderful feeling, my
cheerfulness to my dearest wife Toety Ratna Rahayu, for her very kind supporting

and encouragement, and most importantly her patient during my absence.

Wabillahi taufik wal hidayah,

27 May 1993
EDI SOETRISNO



viii

TABLE OF CONTENTS

Page
TITLE . .. e e 1
DEDICATION . . ... e e il
ABSTRACT . . ... e iv
ACKNOWLEDGEMENTS . .. ... ... it vi
TABLE OF CONTENTS . ... .. .. i i viii
LIST OF TABLES . . .. ... i xii
LIST OF FIGURES . . . . ... e Xvi
LIST OF APPENDICES . . . ... .. .. . . i Xviii
GLOSSARY OF TERMS . . . ... . i Xix
CHAPTER 1

LITERATURE REVIEW ... . ... ... .. ... .. ... ... . ... .... 1
1.LI. INTRODUCTION. . . .. ... . i 2
1.2. THE NEW ZEALAND DEER INDUSTRY. .............. 2
1.2.1. History of the New Zealand Deer Industry. ......... 2
1.2.2. Deer species in New Zealand. ................... 3

1.2.3. Deer Population and Growth of the NZ Deer
Farming Industry. .. ..... ... ... . ... ... ... ... 4
1.2.4. Structure of the NZ Deer Industry. .. .............. 5
1.2.5. Products of the Deer Industry. ................... 7
1.2.6. Markets for NZ deer products. . .................. 9

1.2.7. Marketing and Appellation Strategy. . .............. 11



1.3. SEASONALITY IN TEMPERATE DEER. ...............

1.3.1. Voluntary feed intake and growth. ................
1.3.2. Digestion in deer and other species. . ..............
1.3.3. Seasonal breeding and reproduction. . ..............
1.3.4. Seasonal pattern of prolactin (PRL) secretion in deer . . .

1.4. VENISON PRODUCTION. ... .......... .. ... ...
1.4.1. Pre- weaning growth. . ... .....................

1.4.1.1. Nutritional aspects. . ...................
1.4.1.2. The advancement of calving time in red deer. . .

1.4.2. Post- weaning growth. .. ......................

1.4.2.1. Growth pattern and nutritional requirements.

1.4.2.2. Factors influencing growth rates on young
deer for 12-month-slaughter venison
production system. . ...................

1.4.2.2.1. Seasonal pasture production and

quality. ........... ... ... ...,
1.4.2.2.2. Matching pasture supply and demand.
1.42.23. Stocking rates. . ................
1.4.2.2.4. Pre- and post- grazing herbage

mass and pasture allowances. .. ...

1.4.2.2.5. Nutrition factors. .. .............
1.42.2.6. Immunisation. . ................
1.4.2.2.7. Cross-breeding options. . ..........

1.5. VENISON, COMPARED TO OTHER ANIMAL MEATS.

1.6. CONCLUSIONS. . . ... i i

ix
12
12
14
16
20
21
23
24
26

27

. 27

30

30

32
33

34
35
36
37

. 38



CHAPTER 2.

Effects of grazing red clover (Trifolium pratense) or perennial ryegrass
(Lolium perenne)/white clover (Trifolium repens) pastures and
immunisation against melatonin upon growth and venison production from
weaner red deer (Cervus elaphus)

........................................................ 44
2.1. INTRODUCTION. . . ... e et e e e e i 45
2.2. MATERIALS AND METHODS. ...................... 47
2.2.1. Experimental design. . . .. ..... ... ... ... .. .. ... 47
222 Animals. .. ... ... e 47
2.2.3. Pasture Management. .................c..0...... 48
2.2.4. Immunisation Treatments. ...................... 49
2.25.Blood Sampling. . . . ... ... L L L 50
2.2.6. Scrotal Circumference Measurement. .. ............ 50
2.2.7. Velvet Antler Removal. . . .. ... ... ... ... ...... 50
2.2.8. Pasture Sampling. .. ....... ... ... .. ... ... .. ... 51

2.2.9. Estimation of Faeces Output (FO) and Voluntary Feed
Intake (VFI). .. ... ... . . . ... .. . .. 52
2210.CarcassData. .. ........ ... i, 52
2.2.11. Laboratory Analysis. . ........................ 53
2.2.12. Data Calculation and Statistical Analysis . .......... 55
2.3. RESULTS. ... e e e 57
2.3.1. Pre- and post-grazing herbage mass. .. ............. i
2.3.2. Botanical composition of pastures. ................ §7
2.3.3. Chemical composition. . ....................... 60
2.3.4. Seasonal liveweight change. . . ... ................ 60
2.3.5. Voluntary feed intake (VFI). .................... 64
2.3.6. Forage effects on liveweight and liveweight gain. . . . . .. 65

2.3.7. Immunisation effects on liveweight and liveweight
BAIM. . .ttt e e e e 65

2.3.8. Treatment effects on plasma prolactin (PRL)

CONCENEIatioNS. . . . ... v vt vttt i ite e 69
2.3.9. Pasture effects on carcass production. . ............. 73
2.3.10. Immunisation effects on carcass production. . . .. ... .. 73
2.3.11. Scrotal circumference development and testis weight. .. 76

2.3.12. Velvet antler production. .. .................... 77



Xi

2.4. DISCUSSION . ... ... e 79

2.4.1. Seasonal liveweight changes. . ................. 79

2.4.2. Growth on the PRG/WC pasture diet. . ............. 80

243. GrowthonRCdiet. ......... ... ... ... ...... 80

2.4.4. The immunisation effects. ...................... 81

2.4.5. Value of the findings to the NZ deer industry. .. .... .. 83
CONCLUSIONS.. .. . 86

REFERENCES. . . ... .. .. . 88



Xii

LIST OF TABLES

Page

Table 1.1. Deer Species Farmed in New Zealand, 1992 ................ 4
Table 1.2. New Zealand Farmed Deer Predictions to 1996. . ............. 5
Table 1.3. Major Venison Export Markets, Tonnages and Values 1991. ... .. 9
Table 1.4. Total NZ Deer Industry Export (Year ended December). .. .... .. 10
Table 1.5. Absolute and relative size and capacity of the rumen/reticulum

(R/R) in deer and domestic livestock. . ... ................. 15
Table 1.6. Seasonal changes in voluntary feed intake, apparent digestibility,

rumen pool size and rumen fractional outflow rate in castrated

male sheep, goats andred deer®. .. ............ .. ... ... ... 17
Table 1.7. Reproductive characteristics of red deer. .. .............. ... 18
Table 1.8. The organic and mineral constituents of red deer milk

(g/kg milk) at different stages of lactation. ................. 24
Table 1.9. Fawn average daily gain (ADG), fawn weaning weight and hind

weight change on a medium allowance of ryegrass/white clover

(CON) or a high (HC), medium (MC) or low (LC) allowance

ofredclover. ......... .. .. . ... .. ... 26
Table 1.10. Estimated nutritional requirements of red deer calves with

artificially-increased VFI in winter. . . . ................... 29

Table 1.11. Seasonal metabolisable energy requirement and target liveweight
ofreddeer. ...... ... ... ... 31



Xiii

Table 1.12. Effect of stocking rate on weight gains of newly weaned red deer
stags during autumn. . . ... . ... .. ...l 33

Table 1.13. Effects of stocking rate on per animal and per production with
male red and fallow deer. ............ .. ... ... ... ... 34

Table 1.14. Liveweight measurements in 3 "breed" types of young male deer
from weaning to 14 month of age (mean of 4 season + sd). .... 38

Table 1.15. Carcass weight (CW) and fatness in lambs, bulls and stags. . . . .. 39

Table 1.16. Separable lean, fat and bone from the carcass of different
animal SPEeCIES. . . . ... . ... .. 39

Table 1.17. Comparative efficiency of feed conversion of ruminants. .. ... .. 40

Table 1.18. Comparative nutritive value of some animal meats.
(Based on 100 g cooked portion). .. ..................... 41

Table 2.1. Pre- and post-grazing herbage mass (kg DM/ha + SE) of red
clover (RC) and perennial ryegrass/white clover (PRG/WC)
forages grazed by weaner red deer (Cervus elaphus) at
Massey University Deer Unit, during autumn, winter and
spring of 1991. . . .. ... ... ... 58

Table 2.2. Botanical composition (% DM + SE) of red clover (RC) and
perennial ryegrass/white clover (PRG/WC) forages on
offer to weaner red deer (Cervus elaphus) during autumn,
winter and spring of 1991. ... ... ... .. .. .. ... ... 59

Table 2.3. Nutritive value of feed on offer and diet selected for
weaner red deer (Cervus elaphus) grazing either red
clover (RC) or perennial ryegrass (PRG/WC) forages
during autumn, winter and spring of 1991. . ... ... ... ........ 61



Xiv

Table 2.4. Organic matter intake (g OM/kg W*"*/day + SE) of weaner

red deer (Cervus elaphus) grazing either red clover
(RC) or perennial ryegrass/white clover (PRG/WC) forages
during autumn and spring of 1991. ... ... ... .. ... ... .. ... 64

Table 2.5. Liveweight gain (g/day + SE) of weaner red deer

(Cervus elaphus) grazing either RC or PRG/WC
pasture, during autumn, winter and spring of 1991. .. ......... 66

Table 2.6. Effect of immunisation against melatonin on liveweight

gain (g/day + SE) and mean liveweight (kg + SE) of

weaner red deer (Cervus elaphus) grazing either RC

or PRG/WC pasture, during autumn, winter and spring

of 190, .. e 68

Table 2.7. Plasma prolactin concentrations (ng/ml + SE) of weaner

red deer (Cervus elaphus) immunized by against melatonin

or placebo only (control) grazing either RC or

PRG/WC forages during autumn, winter and spring

of 1901, . . . e [

Table 2.8. Carcass production from red deer (Cervus elaphus) stags

grazing either RC or PRG/WC pasture and attaining

slaughter liveweight (92 kg) by one year of age,

during 1991. Mean values were adjusted to equal initial

liveweight for carcass data. ............................ 74

Table 2.9. Carcass production from red deer (Cervus elaphus) stags

immunized by either melatonin or placebo only (control)

and attaining slaughter liveweight (92 kg) by one year

of age, during 1991. Mean values were adjusted to equal

initial liveweight for carcass data. . ...................... 75



Table 2.10. Testis weight (g + SE) at slaughter of weaner red deer
(Cervus elaphus) stags either immunized by against melatonin
or placebo only and grazing RC or PRG/WC forage during
autumn, winter and spring of 1991. . . .. ... ... ... ... .....

Table 2.11. First-cut velvet antler weight (g + SE) of weaner red deer
(Cervus elaphus) stags either immunized by against melatonin
or placebo only and grazing RC or PRG/WC forage during
autumn, winter and spring of 1991. . . . ... ... ... .. ... .. ...

Table 2.12. Comparison between liveweight gain, total animals attaining
target slaughter weight (92 kg), and carcass production
from red deer (Cervus elaphus) stags at Massey University
Deer Unit during 1989, 1990 and 1991.

XV



Figure 1.1.

Figure 1.2.

Figure 1.3.

Figure 1.4.

Figure 1.5.

Figure 2.1.

Figure 2.2.

LIST OF FIGURES

The seasonal cycle of voluntary feed intake (VFI) from
red deer hinds and stags in Southern Hemisphere (NZ).

Suttieet al., 1987) . ... ... .. .

The seasonal venison price schedule fluctuations, 1987-1991.

(Adapted from: Wilson, 1991) ... ..... ... .. ... ......

Typical growth pattern of red deer stags from weaning

(early March) to 1 year of age (Adapted from Wilson. 1991).
(Massey University Deer UnitData) .. .................

Average pasture growth rates in the Manawatu Downland.

(Adapted from: Wilson, 1991) . ......................

The seasonal feed supply and demand pattern for the
Manawatu Downland, with a venison stags and breeding
hinds operation.

(Adapted from: Wilson, 1991) .. ..... ... ... ........

The seasonal liveweight change of weaner red deer
(Cervus elaphus) stags and hinds immunised either
against melatonin or placebo only (control) grazing

red clover (RC) forage. ............. ... .. .. .. ...

The seasonal liveweight change of weaner red deer
(Cervus elaphus) stags and hinds immunised either
against melatonin or placebo only (control) grazing

perennial ryegrass/white clover (PRG/WC) pasture. ........

Xvi

Page



Figure 2.3. The overall liveweight change of weaner red deer
(Cervus elaphus) stags and hinds grazing either
red clover (RC) or perennial ryegrass/white clover

(PRG/WC) forages. .. .... ..o

Figure 2.4. The overall prolactin (PRL) concentration (ng/ml)
of weaner red deer (Cervus elaphus) stags and hinds
grazing either red clover (RC) or perennial ryegrass/

white clover (PRG/WC) forages. ..................

Figure 2.5. The overall prolactin (PRL) concentration (ng/ml)
of weaner red deer (Cervus elaphus) immunised
either against melatonin or placebo only (control)

during 1991. . .. ...

Figure 2.6. The overall scrotal circumference development (cm) for weaner
red deer (Cervus elaphus) stags. .. .................

xvii

..... 76



Xviil
LIST OF APPENDICES

Page

Appendix 1. Calculation for the estimation of feed intake using Cr,O, release

rate from capsules as a faecal marker. ................. 101

Appendix 2. Calculation for the daily Release Rate (RR) of Cr from the

controlled release capsule (CRD) . ................... 108



DM
VFI
DMI
OM
FO
OMD
FO
DS
LW

LWG

FOR

Cr-EDTA

Ru-p

ME
MJ
CT
CP
MRT
RC
PRG

wC

GLOSSARY OF TERMS

Dry matter

Voluntary feed intake

Dry matter intake

Organic matter

Faecal output

Organic matter digestibility
Feed on offer

Diet selected

Liveweight

Liveweight gain

Rumen fractional outflow rate
(% of rumen pool leaving to flow into abomasum/h)

Chromium ethylene diamine tetra acetate

Ru- phenanthroline
(particulate phase marker)

Metabolisable Energy
Mega Joule
Condensed Tannin
Crude protein

Mean retention time
Red clover

Perennial ryegrass

White clover

X1x



XX

MCF Malignant Catarrhal Fever

RPM Revolutions per minute

HSA Human serum albumin

FCA Freunds complete adjuvant

FIA Freunds incomplete adjuvant

PRL Prolactin

GLM General Linear Model Procedure

LSM Least Square Means

CRD Intra ruminal chromium-slow-release capsule (sheep-size)
GR (carcass) Soft tissue depth over the 12th rib 16 cm from the mid line

(mm) (indirect measure of carcass fatness)

NZ New Zealand

MAF Ministry of Agriculture and Fisheries
GIB Game Industry Board

NZDFA New Zealand Deer Farmers Association
NZGCL New Zealand Game Company Limited

(now Cervena Company)
DSP Deer slaughtering premises
GPH Game packing houses

QA Quality assurance





