
HEAT STRESS MANAGEMENT OF MERINO
SHEEP: RESPONSES TO DRINKING WATER

TEMPERATURE AND A YEAST-BASED FEED ADDITIVE

by
AHOLIAB AOETPAH

Bachelor of Animal Science

The University of Nusa Cendana, Kupang - NTT Indonesia

THE UNIVERSITY
OF NEW ENGLAND

A thesis submitted for the degree ofMaster of Rural Science in the Faculty of the
Sciences

June 2007



Declaration

I certify that the work presented in this thesis is, to the best of my knowledge and belief,
original, except as acknowledged in the text.

I certify that the material has not been submitted, either in whole or in part, for a degree at
this or any other university.

11



Acknowledgements
I would like to express my appreciation to all those whose assistance, advice and

kindness to me enabled me to complete my study.

I am deeply indebted to Dr Darryl B. Savage as my academic supervisor but also for

providing funding for my experiments. Academic supervision from my coo-supervisor,

Professor John V. Nolan has been very valuable, especially regarding the nutrition of

heat-stressed animals and the statistical analysis of data. Associate Professor Ian Godwin

has been very helpful for advice on rumen cannulae surgery and physiological

measurements. My academic and social interaction with my supervisors during my

Masters candidacy has been part ofmy learning process.

Neil Baillie, Graham Chaffey and Michael Rowe have been helpful in ordering feed,

preparing climate chambers, and other work carried out in the animal house and in the

Trevenna Paddock. Simon Stachiw and Evan Thompson have assisted me in various

kinds of laboratory work. Craig Lawlor and Garry Cluley have helped me in preparing

and measuring the physiological state of the animals with computer recording of data.

Glover family, Lawson family, Brown family, William family, Kay Cope and Celia

Smith have made me feel at home in Armidale. My friends in the Indonesian Community

in Armidale also have shown their friendship. Russel Glover, Sandy Lawson, David

Evans and Ann Priyosusilo have helped me with proof-reading my work. My friends,

Lily, Da Chung, Trung and Lauren have been kind in both academic and social situations

atUNE.

The University of New England has provided resources for my study and it has been a

privilege for me to study in the higWy academic and supportive envirorunent of the

School of Rural Science and Agriculture.

I would like to thank the Asian Development Bank (ADB), the Sub-Project Management

Unit Technological and Professional Skill Development Project (SPMU- TPSDP)

Politeknik Pertanian Negeri Kupang, and the Central Project Management Unit (CPMU)

Higher Education Department Jakarta, Indonesia for their financial support for my

Masters candidacy in Australia.

111



Finally, I would like to dedicate this work to my wife and our son, EDO, to my parents,

my brothers and sisters and all my extended family, to whom I am deeply indebted for

their endless patience and invaluable moral support.

lY



Table of Contents
Declaration li
J\cknowledgements iii
Table of Contents \,T

list of Figures yi
list of Tables ,Tli
Abstract .i~{

Chapter 1 General Introduction '1
Chapter 2 Literature Review 3
2.1 Characterisation of animal responses to environmental conditions 3
2.2 Respiration rate 8
2.3 Skin temperature 10
2.4 The influence ofwool on thermoregulation 12
2.5 Rectal and tympanic temperatures 14-
2.6 Factors affecting feed intake 17
2.7 Feeding beha';our 25
2.8 Factors affecting water intake 27
2.9 LTrine production 33
2.1 0 Faecal output 34·
2.11 Feeding management options for animals in hot climates 35
2.12 Summary of literature re,;ew 41
Chapter 3 Generall\1aterials and Methods 4.3
3.1 Animals, feed and water 4.3
3.2 Climate chambers 44·
3.3 Body temperature measurement 4.)

3.4 Respiration rate measurement 46
3.5 l\1easurement of feed intake and water consumption 46
3.6 Measurement of faeces and urine 47
3.7 Li,Te weight measurement 47
3.8 Dry matter content and digestibility 47
Chapter 4 The effect of a yeast-based feed additive on heat stress responses in l\1erino
wethers 49
4.1 Introduction 49
4.2 l\1aterials and methods 50
4.3 Results 54
4.4 Discussion 60
Chapter 5 Responses of Merino wethers in hot and cool conditions to the temperature of
drinking water 64
5.1 Introduction 64
5.2 l\1aterials and methods 65
5.3 Results 71
5.4 Discussion 80
Chapter 6 General Discussion 84
References 86

v



List of Figures

Figure 2.1 Diagram showing the relationships between the deep body temperature, total,
sensible, and latent heat loss in a homeothermic animal due to the environmental
temperature (after Ingram and Mount 1975) 5

Figure 2.2 A model of the various mechanisms regulating voluntary intake (after Van
Soest 1982) 26

Figure 2.3 Sources of water intake and avenues of water loss (adapted from Yousef and
Johnson 1985) 29

Figure 4.1 Maximum room temperature in hot climatic chamber throughout the
experimental period 51

Figure 4.2 Respiration rate patterns of Merino wethers in cool (0900 h) and hot (1700 h)
climatic conditions offered lucerne pellets with or without yeast-based feed
additive 55

Figure 5.1 Mean daily room temperature (OC) and relative humidity (%) of climate
chambers during data collection. • ----. RH cool, 0----0 RH hot, .. ---- .. ambient
temp cool and x----x ambient temp hot 67

Figure 5.2 Diagram of the climate room layout. 66

Figure 5.3 Mean daily feed intake (dry matter basis) of sheep housed in a hot room
(ambient temperature up to 40°C) or cool room (ambient temperature 20°C)
offered drinking water at 20°C, 30°C or 40°C 74

Figure 5.4 Mean daily water intake of sheep housed in a hot room (ambient temperature
up to 40°C) or cool room (ambient temperature 20°C) offered drinking water at
20°C, 30°C or 40°C 75

Figure 5.5 Mean daily urine output of sheep housed in a hot room (ambient temperature
up to 40°C) or cool room (ambient temperature 20°C) offered drinking water at
20°C, 30°C or 40°C 75

\1.



List of Tables

Table 2.1 Factors influencing the different types of heat transfer
between organism and environment 6

Table 2.2 The percentage of heat dissipated through respiratory and
cutaneous evaporation by various ruminant species under hot
conditions 9

Table 2.3 Effects of water (40% of ad libitum intake) and food
restriction (to 18% of ad libitum intake) on rectal temperature in
desert goats fed lucerne hay and grass hay 16

Table 2.4 Theories on appetite regulation 18

Table 2.5 Effects of grouping and isolating of sheep on feed intake with
ad libitum and restricted feeding regimens (Ruckebusch et al.
1991) 27

Table 3.1 Nutrient content of lucerne pellet and yeast-based feed
additive used in Experiment 1 44

Table 3.2 Nutrient composition of lucerne chaff used in Experiment 2* 45

Table 3.3 Panting score assigned for sheep (adopted from Silanikove
2000) 46

Table 4.1 Description of treatments in experiment one 52

Table 4.2 Mean body temperature (OC) and respiration rates (bpm) of
Merino wethers in cool and hot climatic conditions when given
lucerne pellets with or without commercial feed additive 56

Table 4.3 Dry matter intake (OMI; g/hd per d) and water intake (WI;
ml/hd per d) ofMerino wethers in cool and hot climatic conditions
on two dietary treatments 57

Table 4.4 Dry matter intake (g OMI/h) across 4 periods daily of Merino
wethers in cool and hot climatic conditions on two dietary
treatments 58

Table 4.5 Urine (ml/hd per d) and faecal (g OM/hd per d) production of
Merino wethers in cool and hot rooms offered yeast-based feed
additive 58

Table 4.6 Dry matter digestibility (OMO) and organic matter
digestibility (OMO) and average live-weight daily gain (AOG;
g/d) Merino wethers in cool and hot climatic conditions on two
dietary treatments 59

Table 5.1 Comparison of mean live weight change~ daily dry matter
intake (OMI)~ daily organic matter intake (OMI)~ dry matter
digestibility (OMO) and organic matter digestibility (OMO) for

\""11



sheep housed in a cool room (20°C) or a hot room (40°C daytime;
30°C nightime) 72

Table 5.2 Comparison of mean daily water intake (WI), ratio of water
intake to dry matter intake (DMI), faecal production, urine output,
urine pH, blood packed cell volume (PCV) and rumen pH for
sheep housed in a cool room (20°C) or a hot room (40°C daytime;
30°C nightime) 73

Table 5.3 Comparison of mean daily nitrogen (N) intake, faecal N
concentration, urinary N concentration, total N excretion, N
digestibility and N balance for sheep housed in a cool room
(20°C) or a hot room (40°C daytime; 30°C nightime) 73

Table 5.4 Proportion of daily feed intake (%) of sheep housed in a hot
room (ambient temperature up to 40°C) or cool room (ambient
temperature 20°C) offered drinking water at 20°C, 30°C or 40°C 76

Table 5.5 Proportion of daily water intake (%) of sheep housed in a hot
room (ambient temperature up to 40°C) or cool room (ambient
temperature 20°C) offered drinking water at 20°C, 30°C or 40°C 77

\'111



Abstract
Conditions in the hot room in the climate-controlled housing used in this study were

intended to simulate those experienced by Australian sheep in the post-discharge phase of

the live export trade to the Middle East, i.e. 40°C and 60 % relative humidity between

0900 hand 1800 h and 30°C over night. Hot climatic conditions can lower an animal's

production by altering physiological characteristics (body temperature, respiration rate,

packed cell volume), behaviour (feed and water intake) and thereby affect feed

digestibility, total excreta output and live-weight gain.

The use of a yeast-based feed additive reputed to reduce the effects of heat stress was

investigated in 16 Merino sheep in Expt. 1. A 2 x 2 factorial design was used with 1

group of 8 sheep in a hot room and the other group in a cool room; 4 sheep in each room

were offered lucerne pellets containing the yeast-based feed additive and the other 4 were

offered only lucerne pellets. Outer body temperatures (wool, skin and ear) and also mean

respiration rates were higher (P<0.05) for sheep in the hot room than those in the cool

room. Dry matter intake of sheep was higher (P<0.05) in the cool room but only during

the hottest hours (0900 to 1700 h). Water intake and urine production were higher

(P<0.05) in the hot room whereas feed intake and faecal output tended (P==0.07) to be

higher in the cool room.

The use of the yeast-based feed additive was beneficial, increasing growth rate of sheep

(P<0.05). Respiration rate and other measurements were not influenced (P>O.05) by the

use of the yeast-based feed additive.

In Expt. 2, the effects of providing drinking water at different temperatures was studied in

Merino sheep offered lucerne chaff ad libitum in hot or cool conditions. Using a 4 x 4

Latin square design, 4 Merino wethers in each room were offered free access to drinking

water at 20°C, 30°C or 40°C from single troughs or a choice of 20°C or 30°C from two

separate troughs in each of 4 periods. Mean rectal temperatures and respiration rates of

sheep during the hottest hours of the day were higher (P<0.05) in the hot room, but daily

dry matter intake, DMI as % live weight, organic matter digestibility, microbial N flow to
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the small intestine and N balance were lower (P<0.05) in the hot room; as a consequence,

total faecal dry matter output in the hot room was higher (P<0.05) than that in the cool

room. The efficiency ofmicrobial synthesis did not differ (P>0.05) in sheep in hot or cold

conditions; however, efficiency was higher (P<0.05) in animals drinking water 40°C than

in those drinking cooler water. Total daily water intake and urine output were also higher

(P<0.05) in the hot room.

In the hot room, total daily intake of drinking water at 40°C, 30°C and 20°C was 9.97

Lid, 8.78 Lid and 6.66 Lid, respectively; the values are different (P<0.05). Hot-room

sheep prefer to drink hot drinking water at 30°C (6.71 Lid) than to drink cool drinking

water at 20°C (1.18 Lid), P<0.05. The higher intake of hot water was surprising as hot

drinking water could be expected to increase heat-load in sheep held in hot conditions.

Other measurements were not affected by drinking water temperature. In the cool room,

intake of 20°C water was higher (P<0.05) than of 30°C water (4.02 Lid vs. 2.65 Lid).

In Expt. 2, packed cell volume was not affected (P>0.05) by either ambient temperature

or drinking water temperature.

The interaction between the inclusion of the yeast-based feed additive in the diet of heat-

stressed Merino sheep and different drinking water temperatures should now be

investigated.
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