EFFECT OF ENVIRONMENT ON ENERGY

AND PROTEIN UTILIZATION IN BUNINANTS.h\fN
a

by >

=Y
{
L

FADAN FOHAN RAO VELUVOLU

M.Sc.,A.P.Agricultural University, 1971

A MASTER'S REPORT

submitted in partial fulfillment of the

requirement for the degree

MASTER OF SCIENCE

Department of Animal Science and Industry
KANSAS STATE UNIVERSITY
Manhattan, Kansas

1974

Approved by:

Ned (o

q {_\

Ma jor professor



774 ~ ACKNOWLEDGMENTS

Eaiu%ﬁgéﬁuthor wishes to exténd sincere thanks and
gratitude to his major professor, Dr, David R. Ames, for
his help in the preparation of this report.

Gratitude is also expressed to Dr, D.H.Richardson
and Dr, G. Kiracofe, for their assistance and advise while
serving as the members of the supervisory committee,

I also thank the faculty, staff and fellow graduate
students at Kansas State, for thelr many courtesies
which helped make my graduate studies in a foreign land
a more enjoyable experience. I sincerely thank my
friends who helped me in typing this report.

To my wife, Usha, I would like to express my deepest
appreciation and love for her understanding, encouragement

and assistance throughout my graduate program.,



TABLE OF CONTENTS

page

INTRODUCTIONe cseesacanccascsosaanssssscsssnscne 1

LITERATORE REVIEW: s sa woe o v v o6 wis w0 a8 6 6 5 om ww we a0 12

Thermal environment.,..eceesseevsssesssccsssesel

InsulatioN..esecescscsssssacnsssscarsncnasosssB
Wind and humidity.iseesescovcsscosacscvssnssnassll
Source of heat productioN.csececcessscseccssssselld
DISCUSSIONeesecacessscsossesnsaacssosssnssnsasnsaseld
Heat StreSS.cessetsssvessoscssrsoosnsssnsssnssesld
Cold streSS.isessetavcaveecsscscasssosessssneassl
Heat Drodctioh, e or on xe m e om v oo g wa wrem ww ganl
Wind velooltY.essssssinssosisansmosnainsoinidd
FleeCe.issssoosoossesssnsssensrsansssesssssseacllt
Source of heat pProducCtioN.ceccecssccsscesscsseld
SUMMARY e seusevovscceacosssnsssssacsnsassssasacses e
" LITERATURE CITED..essaseecsneesocasennsncnnossss29



INTRODUCTION

In establishing the nutrient requirements for various
species of livestock (NRC,1970) consideration is not given
to the physical environment, These recommendations are va-
1id only under well defined environmental conditions which
are difficult to malntain under natural conditions. Cattle
in feedlots for example are exposed to various environmen-
tal variables such as temperature, humidity, wind, season,
rain, barometric pressure and others. In many areas of
the United States and Canada, cattle are kept out-of-doors
during winter with 1“ttle or no shelter. During periods of
severe cold weather, rumlnants must elevate their heat pro-
duction to maintain homeothermy and thus draw on food energy
which could otherwise be used for the production of milk
or meat {Webster,1971)., On the contrary in tropical coun-
tries like Ceylon, Malaya, South Africa and parts of India,
stunted growth and poor performance of the indigenous as
well as the imported species results due to heat stress
(Sharma and Kehar,1961). Climate also affects the body
conformation of farm animals, their grazing habits and
structural conformation of the digestive tracts (Findlay,
1963). To maximise production efficiency, nutritional
programs should be matched to the animal's environment

or if feasible, a controlled environment should be used.

The goal of this paper 1is to review the literature



available for the past 15 years, regarding the effect
of environment on the production performance of farm
animals and draw some conclusions as to the magnitude

of these effects on the animal,

REVIEW OF LITERATURE

Thermal environment:

The thermoneutral zone (TNZ) is some times called
the comfort zone and is the environment where the ani-
mal is not thermally stressed (Blaxter and Wainman,l1964;
Webster,Hicks and Hays,1969 and Ames,1974). It depends
upon factors such as insulation, radiation, nutritional
plane and exercise (Joyce and Blaxter,1964 and Ames,1974),
Armstrong, et.al.,(1959) conducted a series of experiments
on sheep at environmental temperatures ranging from 8 to
32 C using 3 levels of feeding. The critical temperature
(1.,e., lower 1imit of TNZ) of the closely clipped sheep
.varied from 24 C at the highest feeding level to 38 C at
sub-maintenance feeding level, On the highest feeding
level at the critical temperature, the net availability
of the metabolizable energy of the ration above mainte-
nance was 587 and at 38 C it was 36% in one sheep, 53%
and 12% respectively in the other sheep. The metabali-
zable energy of the ration increased by 6 kecal /C rise

in environmental temperature,

The energy exchange of two Half bred x Down cross

wethers was determined at 3 feeding levels and 7 environ-



mental temperatures by Graham, et.al.,(1959). Critical
temperatures of 39-40 C and 24-27C were observed at low,
medium and high feeding levels respectively. Above the
critical temperature the heat productlon increased expo-
nentially with rectal temperature, the coefficient being
0.075+0.01% (Van't Hoff's coefficient) corresponding to
a doubling of metabolism for every 9 C increase in re-
ctal temperature. Below the critical temperature, heat
production increased at a constant rate per square meter
surface area per C, irrespective of feeding level and at
8 C it was more than double the minimal metabolism deter-
mined at the medium feeding level. The rate of increase

was 115 Keal/24 hr /C fall in environmental temperature.

The heat emission of two closely c¢lipped sheep was
determined using 3 feeding levels and 5 environmental tem-
. peratures ranging from 8 to 38 C by Blaxter, et.al.,(1959).
It was observed that the basal loss of heat of vaporization
of water was 316 kcal/mz/zh hr 1in one sheep and 307 kecal/
mz/zb hr in the other. The water vapor loss increased
subsequently by 87 kcal/mz/zb hr /C change in environmen-
tal temperature in one sheep and 88 kcal/mz/zh hr /C in
the other., The rate of body cooling below or warming above
the critical temperature was about 10 kcal/m2/24 hr /C
change 1n environmental temperature. The results showed
that below the critical temperature the increase in heat
production ﬁith falling temperatures reflected the increased

radiative and convective losses of heat, Calorimetric
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experiments were conducted on 3 sheep having fleece lengths
eafﬁing from 2, 5 cm to 12 0 cm by Blaxter, Graham and Wain-
‘man (1959) They observed that the metabolizable energy of
the food increased with 1ncreasing environmental temperature
by 2-3 kbai/zu hr/C. The results showed that sheep with
Tleece have very wide thermoneutral zones, Rogerson (1960)

-

observed that an increase in environmental temperature in

the range of 20-40 C had no effect on the heat production
of fasting animals B& on animals fed a low plane of nutri-
fiéh.'bﬁt a'hlgh pIhne of nutrition increased heat produ-
rcﬁfBE. :IHEfeeeiﬁg the food intake from 3000 to 6000 g per
:a;&q}eeuifed 1ﬁ:en:iﬂefeesed heat production of 25% at 20 C
iﬁﬁi‘ﬂo%?etvao b. ‘Tﬁeee:etudies were made on steers in which

‘the eﬁergy'lost'in faeces increased with improving plane

‘of nutrition and urine energy fell with increasing environ-

‘méntal temperature.

;ﬁieiter:and Wainman (1961) conducted experiments on
itheiehefgy_metabolism and heat emission of two steers at
-fhe?meintenance level in an environment of -5, 5, 15, 25
ieﬁd'j5 Cjatksub;maiﬁtenaﬁce level in environments of -5 and
i e N 1They obeerved the critical temperature of the steers
_et‘thelﬁéihtenaﬁce'ievel-of feeding to be 5.7 and 6.8 C,
'fer the sub-maintenance sﬁeers the values were 17.8 and
18,4 C, Shivering was observed at temperatures of -5 and
'5 C'in both animals. The digestibility of the food increa-

"sed as environmental temperature increased, The thermal



conductance of heat below the critical temperatures were
48.1 + 0.5 and 50.6 + 0.7 kcal/mz/zh hr/C and above critical
temperature the thermal conductances of heat were 59.1 + 2.1
and 66.6 + 2.4 kcal/m%/24 hr/C for the two steers, Rea and
Ross (1961) showed that winter has 1little or no effect on
the performance of lambs due to concentrate level but

high toncentrate level in summer will result in significa-
ntly faster gains, Studies were made on the intake and
digestibllity of growing heifers in a hot and humid climate
(Calcutta, India) by Sharma and ¥ehar (1961). The control
group maintained under low temperature and low humidity
conditions had higher intakes of dry matter, crude protein,
ether extract and total carbohydrates than their counter-
parts on the same diet in a hot and humid area. Alexander
(1961) showed that the heat production of a new born lamb
after suckling is about 90 kcal/24 hr/kg in a thermoneutral
environment,

Two pregnant ewes were subjécted to a range of environ-
mental temperatures and their heat production was measured by
Graham (1964a).The results showed that the critical temperature
of the shorn sheep was closely related to their heat produc-
tion per m2 surface area in a thermoneutral environment..It
was also observed that at sub-critical temperatures, sensible
heat loss increased at a rate of 70 kcal/24 hr/mz/c fall
of ambient temperature and this increase in heat production

was entirely attributed to the oxidation of fat., Under hot



conditions protein degradation accounted for the additional
heat in wethers and in pregnant ewes, Total heat production,
sensitive heat loss from the limbs and surface and rectal
temperature of 4 Cheviot and 4 Suffolk sheep were measured
at air temperatures of +5, 0, and =10 C by Webster and
Blaxter (1966), The results of the individual exposures
showed that at -10 C, heat production fell as fleece depth
increased, At temperatures below o C cold induced vaso=-
dilation (CIVD) was recorded frequently in the ears but
rarely in the shanks, At air temperatures above 0 C, CIVD
was extremely rare.

Vanes (1967) conducted a series of experiments on
growing veal calves to study the influence of environment
on energy metabolism, They observed no differences in heat
production of young calves with a low feed intake measured
ac 25, 20 and 15 C, but higher heat production was noted
at 12 and 10 C, With rapidly growing animals, a tempe-
rature of 27 C and 95% relative humidity or with 30 C and
75% relative humidity caused a 10% increase in heat produ-
ction., Moose, Ross and Prander (1969) studied the relation-
ship between concentrate levels (35% and 70%) and environ-
mental effects {cool 0 to 5 C, warm 23-29 C ) on feedlot-
rerformance, carcass quality and energy utilization in
lambs, Live welight gains of lambs fed low concentrate
(LC) rations in the cool environment were higher (0,18 kg)
than thelr counter parts which receiwed a high concentrate

(HC) ration (0,16 kg). Conversely in warm weather HC
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lambs made faster gains (0,2 kg,) than LC lambs (0,16 kg.).
Carcassess were 12% heavier for HC lambs but carcass grades
were higher for LC group in both environments. On limited
feed intake (pair feeding), lambs on LC ate 33% more and
gained more, Energy partition showed that heat increment

was 31.5% higher in LC group than HC group.

Heat production and thermal insulation were measured
in 3 groups of sheep consisting of control (15 C), out door
and indoor (in thermostatically controlled refrigerated
room) conditions which were exposed to the effect of sea-
son, cold climate and cold temperature respectively were
studied by Webster, et.al.,(1969). They observed that the
control, outdoor and indoor groups increased their weight
(24 weeks) on an average by 16,2’10.0 and 14,9 kgs , res-
pectively., The intake of the control group averaged 26.5 g
hay per kg body weight per day. The outdoor group had
increased intake (23.4 to 28,8 g per kg body weight)through-
out the course of the experiment. 'The indoor group on an
average consuned 29.8 g per kg body weight. Results showed
an increased resting heat production with coldness. The
heat production in control, outdoor and indoor groups were
118, 110 to 128 and 122.5 to 142.6 kcal/kgB/u/Zu hr res;
pectlvely. At the end of the experiment, the sheep were
shorn and exposed to -30 C. The mean heat production of
the control, outdoor and indoor groups were 294, 206 and
368 kcal/kga/u/zu hr respectively. Ames,Nellor and Adams

(1971) conducted 30 experiments on Suffolk ewes to describe
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the effects of heat stress in terms of metabolic cost at

5 ambient temperatures, They observed that the respiratory
rate increased at amblent temperatures above thermoneutral
zone (25 C). Respiratory evaporative loss also increased
about 65% from 30 to 35 C. Oxygen consumption increased
significantly during severe heat stress (45 C). This in-
crease was partitioned into somatic humoral and Q , por-
tlons assuming Q10= 2,0, The Qlo effect accounted for

41% of increased metabolic rate during heat stress, O0l-
brich, et.al., (1972) conducted studies on 3 Scotch High-
land and 3 Zebu heifers at two amblent temperature-humi-
dities, namely 10 C-50% RH and 31 C-50% RH, They observed
increased rectal temperature and respiration rates at 31 C,
Scotch Highland heifers at 31 C showed signs of heat stress
and the rectal temperature and the respiration rates rea-

ched 42,4 C and 275 min, respectively.

Insulation:

The homeotherm'!s physiological responses to cold is
to increase the total insulation. Insulation is defined
as temperature gradient divided by heat flow per unit time
per unit area, The units employed are C/kcal/24 hr/mz.

Unit Insulation= Temperature / Heat flow (Kcal) per'm2

gradient(C) surface per 24 hr

(Joyce and Blaxter,1964)., On a maintenance level of feeding,
sheep with a fleece length of 0.1 em, 2.5 c¢m or 12.0 cm had
critical temperatures of 32,13 and 0 C respectively, (Arm-

strong egt.al., 1959). It was also observed that heavy
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fleece not only depressess critical temperature but also
reduces the rate of heat loss with falling temperatures
under sub-critical conditions, Sensible heat lossess
above the critical temperatures showed wide variations
associated with fleece length (Blaxter,et.al., 1959).

It was observed that the total conductance of heat from
body to air wvaried from 100 kcal/mzfzb hr/C in closely
clipped sheep to 28 kcal/mz/zh hr/C in a sheep having

12 cm fleece, Studies by the same workers on the insula-
tion of the fleece, showed that above the critical tem- |
perature most heat was lost from halr covered regions and
losses from fleece covered surfaces were reduced to a
minimum. The thermal conductivity of the fleece and hailr
were determined in vive and found to range from 122 to

149 kcal/mzfzu hr/C/cm,

Blaxter and Wainman (1964) discussed tissue and ex-
ternal insulations in relation to wind speed. During heat,
shearing increased tissue insulation but in cold tissue
insulation decreased, Maximal tissue insulation was noted
in steers having a full coat, kept under cold conditions
and exposed to wind., External insulation increased sig-
nificantly with coat length, the increase in insulation was
at a smaller rate when wind velocity was 1.6 mph than at
0.4 mph, Joyce and Blaxter (1964) observed that following
vasoconstriction tissue insulation was unaffected by wind
velocity or environmental temperature, External insula-

tion increased linearly with fleece length over a range of
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5 to 50 mm, External insulation decreased with increasing
wind velocities,the decrease being numerically greater when
the fleece was long than when it was short. It was observed
that a 42% reduction of coat insulation 1s caused by a wind
speed of 9,6 mph. Webster and Blaxter (1966) showed the
relationship of heat production and tissue insulation, fleece
growth and external insulation in 4 Cheviot and 4 Suffolk
sheep at environmental temperatures of +5,0,-5 and -10 C.
Tissue insulation fell from 5.7 units at 5 C to 4.6 units
at ~10 C.-The lower tissue insulation at =10 C was indepen-
dent of the magnitude of metabolic response of the animals
to cold. It was observed that in still air,fleece type had
relatively little effect on the insulation provided by the
fleece, It was also shown that at 0.6 mph wind velocity,
the increase in fleece insulation per mm depth was 0.55+
0.02 keal/m%/24 hr/C.

Webster (1966) in a series of 193 experiments using
well trained sheep (eight) showed that the amount of
insulation provided by the fleece has considerable effect

on establishment of a new thermal equilibrium in a cold
environment, With a fleece depth of less than 15 mm or
15 to 25 mm the increase in oxygen consumption during the
first 10 min. was 71% and 13%, respectively. A very slow
rise was observed when the fleece length was greater than
25 mm, The time necessary for establishment of a new

thermal equilibrium was also related to fleece depth,
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Times of 60,80 and 180 min. was required with fleece depths
of less than 15 mm,15 to 25 mm and greater than 25 mm,
respectively. The rectal temperature of the sheep in a
constant thermoneutral environment was shown to increase
by 0.49+0,07 C/cm increase in fleece depth. Joyce, Blaxter
and Park (1966) studied the effect of infrared radiation
environment on the heat loss of sheep in two respiration
chambers having different emissivities., It was found that
the radiative conductance was 109 kcal/mz/zbhr/c for one
sheep and 99 kcal/m?Ehhr/C for another. The convective
conductances were 113 and 114 kcal/m?Z&hr/C. These results
were ﬁeed in a prediction equation for external insulation.
Blaxter (1967) discussed the insulatory value for the
animals, He showed that the thermal insulation of the
interface between the surrounding air and the surface of
animals differing in size, shape and fur cover was reasonably
constant between 6,0 and 7.5 C/kcal/mz/zhhr.Observations
showed that the convective heat transfer does not increase
linearly with wind veloclity, The thermal insulation of air
decreased by a factor of four when the wind speed increased
by a factor of twenty. In still air,the cooling resistance
of a sheep with 10 mm wool was 19,8 C/Mcal/m2/24 hr., This
includes a term of 7.2 C/Mcal/mz/zb hr for the insulation
of the air interface., It was shown that in a wind speed of
10 mph, insulation of air interface would reduce to 1,8 and

the cooling resistance to 14,4 C/Hcal/m2/24 hr, Then the
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eritical temperature of the sheep will shift from 22 C to
27 C dry bulb temperature,
Wind and humidity:

Wind significantly lowers effective temperature during
cold weather,by altering the insulatory barriers of the
animal, The heat lost through the animalt!s natural insulation
must be measured to determine the combinations of temperature
and wind that cause the greatest degree of heat loss due
to destruction of insulatory barriers (Insley, 1973).
Blaxter and Wainman (1964) determined the effects of air
velocities ranging from 0.4 to 1.6 mph in a respiration
chamber on four steers, The results showed that the highest
heat production occured when the animals were clipped‘and
exposed to wind and cold. For a mean value of three steers
at 0 C with 0.4 mph and with full coat,the mean heat
production was 8987 kcal/24 hr and at 1,6 mph the value
was 9490 kecal/24 hr, When the steers were clipped the mean
heat production for 24 hr was 13Q2 Mcal and 13,6 Mcal at
0.4 and 1,6 mph, respectively. It was also shown that wind
alone increased metabolism irrespective of environmental
temperature., At 1 C with 0.4 mph wind,the 24 hr heat
production was 12.4 Mzal and at 0.9 C with 1,6 mph it
was 12.9 Mcal., Joyce and Blaxter (1964) conducted a series
of experiments on four tracheotomized sheep to determine
the effects of changes in air velocity and air temperature

on heat emission. With an air temperature of 5 C and fleece
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length of 39 to 50 mm, no change in the metabolism was
observed until the wind velocity exceeded 4.2 mph. With a
fleece length of 19 mm, the metabolism was elevated even
without the wind., Sheep having a 6 mm fleece and kept at
-3 C produced 6371 kcal in 24 hr, when subjected to a wind
velocity of 4,2 mph, This increased heat production was
approximately 3 times greater than that observed in the
thermoneutral environment.

Observations by Webster, Chlumecky and Young (1970)
were made on 12 heifers to measure the effects of cold and
wind on the energy exchange when exposed to different
environments., The control, sheltered and exposed groups
gained an average 102, 101 and 90 kg, respectively during a
three month experimental period, The exposed group showed
the effect of winter and wind on live gain, A decrease in ext-
ernal insulation with increasing wind speeds was noted. For the
control group when the wind velocit} changed from 10 m/ min
to 320 m/ min, the external insulation dropped from 10,74 to
4,93, likewise for the sheltered and exposed groups the
values were ;3.1 to 7,8 and 12,33 to 7.52, respectively.
Webster (1971) studied the effects of wind, air temperature
and radiation exchanges on cattle heat losses by using a
model ox MOOCOW, The power consumption necessary to maintain
a constant temperature (39 C) was used to estimate the

heat losses from the model. The results of this study
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indicated that wind was related to heat loss by the

equation
i 39.0 - T,
H =
18.56 - 0,44 x sq.root of V
Where 2
H = heat loss (kcal /m“/24 hr)
TA = ambient temperature (0 C)

V = wind velocity (m/min)

Source of heat production:

Using milk fed lambs Kielanowski (1 965) estimated the
cost per gram of proteln and fat synthesis to be 7.50 and
14,97 kcal metabolizable energy,respectively. Orskov and
MeDorald (1970) conducted experiments on the efficiency of
conversion of dletary energy into body fat and protein using
comparitive slaughter techniques on 99 early weaned lambs,
The patition of energy between malntenance and protein and
fat deposition was assessed with proteln levels by multiple
regression analyslis and the following equations were derived.
Gross energy intake = 0,147 MWD+4,3 PRR+1.99 FTR+ 11.8
Digestible energy intake = 0,116 MWD+3,47 PRR+1,48 FTR+8,7
where digestible and gross energies are the total intakes
in Mecal, Mwd is the mean metabolic weight (kgB/u) multiplied
by the days on experlment., PRR and FTR are the energy values
in Mecal.for the total deposition of protein and fat

respectively. Assuming the metabolizability of digestible
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energy as B86%,the requirement of metabolizable energy was
3.04 kcal per kcal protein or 16.25 kcal per gram protein.
Corresponding_values for fat were 1.,26 kcal per kcal fat or
11,44 %cal per gram fat, Armstrong et al (1959) showed that
cold does not accelerate protein catabolism but utilizes
body fat to keep the body warm. Results indicated that at
any feeding'level as the environmental temperature was
reduced, the amount of energy arising from the dissimilation
of fat increased. In one sheep at the higher feeeding level
and at low environmental temperature the rate of combustion
of fat,carbohydrate and protein was 947,234 and 87 keal/24 hr,
respeétively. For the same animal at the higher environmental
temperature the rates of combustion were 95,156 and 177
keal/24 hr,respectively. Over 50% of the increased catabolism
at high environmental temperature was accounted for by protein
catabolism,

Pregnant lerino ewes were exposed to ambient temperatures
of 10 and 35 C and their serum free fatty acid levels,
glucose and urinary nitrogen loss were measured by Graham
(1964b), He observed an increase of 75 kcal/mz/zu hr/C in
sensible heat loss with falling temperatures, The increased
heat preduction was due to the oxidation of fat as shown:
by the calculated respiratory quotient. At 10 C an elevation
of blood glucose level was shown. Free fatty acld levels

were highest at the lowest temperature indicating the
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mobilization of body fat. In the non pregnant ewe the
urinary nitrogen was increased by 2 to 3 g per day at 35 C
but no such increase was observed in the pregnant ewe,
Blaxter and Wainman (1961) showed that the additional

heat production in cold weather was due to the oxidation
of fat alone, Experiments on two steers showed no ghange
in the nitrogzen retentlion at low environmental temperature
and the decrease in energy retention was due to the
increased loss of carbon from the body. The amount of
carbohydrates dissimilated,calculated from the corrected
respiratory quotients remained constant and the sole
source of additional carbon was body fat, This shows that
oxidation of body fat was the source of additional heat,
Slee and Halliday (1968) studied the effect of acute cold
exposure on serum free fatty acld levels in eight Scotish
Blackface and four Merino Cheviot ewes during pregnancy.
The sheep were shorn and exposed in a c¢limatic chamber to
18 C temperature with an air movement of 4 mph. Cold
treatment was continued until the rectal temperature fell
by 4.5 C or for a maximum period of 10 hours. Sheep at the
thermoneutral temperature showed a free fatty acid level of
100 to 200 micro equiv./litre of serum. The severe cold
treatment resulted in free fatty acid levels of 2000 micro
equiv./litre. Halliday, Slee and Sykes (1969) observed the

effects of acute cold on serum free fatty acids,protein
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bound iodine,glucose,acetone and serum protein levels, It
was observed that concentration of free fatty acids Were
higher at 8 C (chronic cold) than at 30 C (thermoneutral).
The higher acetone concentrations during cold exposure

(=20 C and 4 mph wind) in cold acclimatized sheep suggested
that they hgd been oxidising more free fatty acids than the
.non acclimatized group., Glucose levels increased initially
but fell towards the end of the exposure, suggesting that
relatively less carbohydrates and more fat was utilized

for energy metabolism during this period.
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DISCUSSION
Thermoneutral zone (TNZ) is the environment in

which minimal heat production occurs and the animal 1is
not thermally stressed. Metabollism will increase within
a small range of temperature at both higher and lower
levels of thermoneutral zone., Animals must dissipate heat
from the bbdy at higher temperatures and conserve heat at
lower temperatures to be most efficient and to maintain
homeothermy. Heat dissipation occurs mainly by the follow-
ing two methods: (1) Sensible heat loss due to radiation ,
conduction and convection. (2) Evaporative heat loss result=-
1ng-from vaporization of water from the skin and respira-
tory passages. The amount of sensible heat lost by the
animal is determined by the physical attributes of the
environment, air temperature, incoming radiation from the
sorroundings and the amount of air movement. Animals have
l1imited ability to control sensible heat loss by changing
insulation between body parts in which heat 1s produced
and the environment, Evaporative heat loss can be controlled
to a greater extent by the animal, although vapor pressure
gradient afforded by the environment is central to rate of
vaporlzation.

Heat stress:

Heat stress 1s defined as any ambient temperature
above the thermoneutral zone (TNZ). Animals exposed
to heat must dissipate heat to maintain homeothermy.

The initial response to heat stress is increased
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respiratory rate and oxygen consumption, as well as sweat-
ing and/or panting., During heat stress blood circulation
will be increased to the extremities (vasodilation) in

order to loose more heat to the environment, It appears

that sheep are able to loose more heat by vasodilation than
are cattle, This 1is probably due to the efficilent uti-
lization of regional body cooling in heat dissipation by
shunting blood to limbs, head and ears which are poorly
insulated (Blaxter et.al.,1959). On this basis sheep would
be expected to withstand warm conditions better than the
cattle, Increased oxyzen consumption will result in an
elevated NEm and consequently reduces NEP' This 1ncrease in
metabolic rate is attributed to the somatic humoral factors
such as panting, heart rate and sweat gland activity. Another
factor which plays a major role for the increased metabolism
is the Q,,effect. The Qgeffect (Ames, Nellor and Adams, 1971)
accounted for 23% of the increased metabolic rate at 35 C
and 41% at 45 C. It was observedl(Graham, et.al., 1959)

that above the critical temperature, heat production increa-
sed exponentially with rectal temperature, the coefficient
being 0,075 + 0.014 (Van't Hoff's coefficient) corresponding
to a doubling of metabolism for every 9 C railse in rectal
temperature.

As the temperature gradient between the environment and
the body surface decreases , sensible heat losses decreases,
Thus the animal must rely on evaporative heat losses. Res-
piratory evaporation increases with ambient temperatures

up to a certain level. In sheep,maximum respiratory heat
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loss occurs when the respiratory rate 1s approximately
240/min. This is due to a non linear relationship of the
respiratory rate to respilratory evaporative water loss.
However, 1n severe heat stress, panting does not become

a thermal liability (Ames, et.al.,1971).In cattle and
sheep cutaneous evaporative water loss is an important
avenue of heat loss at higher temperatures, Measurements
made by (Blaxter,1967) the mask technique in cattle showed
that heat of vaporization is largely due to evaporation
from the skin. It appears that in sheep and cattle about’
30% of water vapor loss occurs from the respiratory appa-
ratus and the remainder being evaporated from the skin.
Since in severe heat stress, increases in respiratory heat
loss 1is less corresponding to heat production, the animal
must sweat to maintain a thermal balance, Ames, et.al., (1971)
showed that during severe heat stress sweating is the most
important avenue of heat loss in sheep.

Cold stress:

The critical temperature is referred as lower limit
of the thermoneutral zone and signifies the begining of
cold stress., Major avenues of heat loss during cold are
conduction, convection and radiation., Water evaporation is
minimal in cold conditions and the animal has limited coﬁtrol
over 1t, Variables affecting the sensible heat loss are
temperature gradient, air velocity and thermal conductance.
A combination of these variables reflects the cooling power
of the environment. The cooling power of the environment
must account for the animal's ability to ad just to cold by

reducing the conductance (its reclprocal being increased in-
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sulation). Total insulation consists of 3 components:

a) Tissue insulation (It) controlled by vasomotion, sub-
cutaneous fat and other tissues; b) external insulation
(Ie) is provided by halr or wool and ¢) air interface in-
sulation (Ia) i1s provided by the air over the surface of
the animal, These 3 components are additive with the des-
truction of any one resulting in less total insulation,

The rate of heat flow from the animal to the environment

1s partially dependant on these insulatory barriers. These
are extremely important in minimizing heat loss in cold
weather, Alr movement over the hair, wool or surface de-
creasés Ia resulting in a reduction of total insulation.
Fleece length has an effect on external insulation., Tissue
insulation is controlled by the rate of blood flow to the
extremities and by subcutaneous fat. The critical tempe-

rature can be estimated by the equation given by Blaxter,

et.al., (1959).

H - (H + H )

Tc = 39.0 - o z
A L ] CA

Where T, = Critical temperature

e
H/A= Heat production per unit area

Hv(B)/A = Loss of heat by vaporization

HW/A: Heat loss in warming food and water to body
temperature,

CA = Conductance below critical temperature.
The variable components that can effect eritical temperature

are 1) insulation provided by the tissue,skin and fleece,
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2) level of heat production and 3) heat needed to warm

food and water to body temperature.

Heat production:

The nature and level of food intake can influence the
heat production of an animal at a particular temperature,
It has been shown that animals on a high plane of nutrition
showed a debrease in energy retention due to the accelerated
passage of food through the gut resulting in lowered digesti-
bility (Blaxter, Graham and Wainman, 1956). Another factor
which affects heat production is the fill in the digestive
tract, When expressed on a surface area basis, at low tem=-
peratures heat preoduction 1s constant irrespective of feeding
level, Heat production is determined by the losses of heat
fron the surface. The surface area of the animal is increa-
sed on a larger ration because of the "fi11ll" resulting in
increased heat losses; Based on this theory a highly meta-
bolizable ration with low bulk has been recommended (Graham
et.al., 1959)., However, rations composed largely of forages
have a higher heat increment. This heat increment can be
used effectively at cold temperatures to reduce NEm and thus
increase NE/ (Moose, egt.al., 1969). Propionic and acetic
acids results in higher heat increment losses. These losses
amounted to 41% and 68% respectively in isocaloric diets in
sheep (Armstrong, et.al., 1958). As the environnental tem-
peratures increases above thermoneutral zone, the animal de-
creases its intake in order to reduce heat production. It
was shown that the metabolizable energy of the ration increa-

sed by 6 keal/C rise in environmental temperature (Armstrong,
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et.al., 1959). This was largely due to a decline in fecal

energy.

Wind velocity:

Of the environmental variables, the wind factor directly
alters the insulatory barriers of the animals. Past research
had shown that cold weather in combination with wind
resulted in increased maintenance requirements and less
efficlent gains., Webster (1971) studied the effect of wind
velocity on animal energetics using "MOOCOW" (model ox
observing cold outdoor weather), as a model system, A
quadratic relationship between rate of heat loss and cold
and wind combinations was observed., However, the model ox
that was used in this study did not possess external insu-
lation in the form of hair or wool and therefore may not
be relevant for animals having such insulation. Results of
Insley (1973) with animal hides showed a cubic relationship
between the heat loss and wind velocities,

During still air conditions, the rate of heat loss is
minimized by 3 insulatory factors. 15 It is altered only du-
ring vasomotion and is not directly affected by wind velo-
city, 2) Ie is provided by hair or wool and in most farm
animals cannot be changed physiologically in a short period
of time and 3) Ia is present on all surfaces and 1is the
first insulation that is destroyed by air movements, resul-
ting in increased heat lossess, Partial destruction of hair
or wool occurs durlng high wind velocities,., Partial regre-
sslon analysis results of Webster (1970) showed that exter-

nal insulation decreased as a linear function of square



24
root of the velocity. The relatlonship between the wind
velooclity, cold temperature and rate of heat flow in ani-
mals such as sheep and cattle assume a cubic rather than
quadratic relﬁtionship that was predicted for bare skinned
animals, Tissue insulation decreased at air temperatures
below freezing point. This occurs because the animal
prevents tissue damage to its extremities by maintaining
its surface temperature at or about 0 C, Webster and
Blaxter (1966) measured regional losses of heat from air
temperatures of =12 C and showed that the extremities are
kept close to 8 C by periodic vasodialation. The tempera-
tures of extremities 1s maintained in the animals by several
distinct mechanisms: (a) Hunting reaction (CIVD) in the ears
due to sharp and precise increase in ear temperatures at
regular intervals, (b) a single sharp inerease in the sur-
face temperature of the ears and legs quite distinctly from
the Hunting reaction and (¢) control of blood flow in the
hind legs in proportion to the heat loss (Webster and
Blaxter, 1966), |

Fleece:

The amount of insulation provided by the fleece has
considerable effect on the establishment of a new thermal
equlllibrium in response to cold, Studies have shown that
the time lag necessary for establishing a new thermal equi-
1librium increases as the fleece depth increases, Heat
production and critical temperatures drop sharply as fleece

depth increases, Heat production and critical temperatures
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drop sharply as fleece length increases above nominal
lengths, The results of Armstrong et.al., (1959) showed
that a 2.5 cm fleece had a critical temperature of 13 C
and the critical temperature was reduced to 0 C with a
12 cm fleece. Above the critical temperature, the pro-
tection provided by the fleece depends on adequate heat
production by the animal which in turn depends on the
type and amount of food given, The loss of production
which occurs below the critical temperature however, is
a direct function of fleece length. At a given level of
feeding, a heavy fleece thus results not only in a lowered
eritical temperature but alsc in a smaller loss of produ-
ction per C fall of environmental temperature below cri-
tical temperature. Wind velocity has a considerable effect
on external insulation provided by wool or hair. External
insulation decreased with inereased wind velocities, Par-
tidl destruction of external insulation occur at high wind
velocities in animals having long staples as compared to
a short, thick coat, It was observed that the partial de-
struction of coat insulation by a wind speed of 9.6 mph

was 42%.

Contradicting views were recorded as to the effect of
temperature on the wool or hair growth., Yeates and South-
cott (1958) have shown that cold has a direct effect on hair
growth of cattle, but Morris (1961) observed no significant
effect of cold on wool growth in sheep, In the light of

above results, Webster et.al.,(1970) stated that hair growth
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is governed by photoperiod alone and further concluded that
cold exposure influenced hair shedding and thereby coat

cover,

Source of heat production:

In conditions like pregnancy, starvation and acute
cold exposure, the energy expenditure exceeds intake of
energy and ﬁhe animal must produce more heat to keep it-
self warm, This 1s initially accomplished by shivering,
However, shivering 1s not an efficient process for maine-.
taining body temperature, A more efficient process would
be an increase in metabolism of the more deep seated tissues,
Experiments have shown that oxidation of fatty acids in-
ereases during cold exposure (Blaxter and Wainman,1961;
Graham, 1964a and Slee and Halliday, 1968). Concentration
of free fatty acid levels in blood serum 1s an index of
breakdown of body fat., Free fatty acid levels of 5 to 6
times were observed in acute cold conditions (Halliday,
Sykes and Slee, 1969). Acclimatization of the animal to
cold exposure, results in increased breakdown of body fat

due to the action of noradrenaline.

Glucose levels increase to a certain extent during
cold exposures but rapidly decline due to depletion of
liver glycogen. Cold does not accelerate protein cata-
bolism and thus does not lead to an increased protein
requirement since the body solely draws upon body fat

(Blaxter and Wainman, 1961). However, increased protein



27
degradation was observed in wethers subjected to heat

stress (Graham, et.al., 1959 and Graham, 1964a).
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SUMMARY

The literature available on the effect of environment
on energy and protein utilization in ruminants is reviewed,
Increased metabolic rate during severe heat stress is attri-
buted to the somatic humoral factors and the Qlo effect,
Sensible heat losses decrease to a minimum at high ambient
temperatures énd the animal depends on cutaneous and
respiratory evaporative heat losses to dissipate heat,
During cold weather conditions fleece length, wind velocity
and total heat production determines the critical tempe-
rature of the animal.

The source of energy for heat production during cold
weather is due to the oxidation of fat, as indicated by
serum free fatty aclid levels and calculated respiratory
quotient, Protein catabolism increases during severe heat
stress. Carbohydrates play a minor role as a source of
heat production because of the limited reserves of glycogen

in the muscle and liver,
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ABSTRACT

The production performance of animals depends on the
level of nutrition and also on environmental factors such
as ambient temperature, wind velocity, external cocat length
ete, The effect of environment on energy and protein
utilization in ruminants i1s the subject of this report. The
literature évailable for the past 15 years has been reviewed
and in the light of information avallable at present, the
significance of these environmental factors has been discussed.

The maintenance requirement of the animal is lowest in
the thermoneutral zone and increases during both cold and
heat étress. During cold stress, the heat production incre-
ases 4 to 5 times in order to keep the body warm., The body
fat reserves serve as g major source of energy in cold
weather, The critical temperature of the animal is signifi-
cantly influenced by the insulation provided by the tissue,
skin and external coat, level of heat production and heat
needs to warm food and water to body temperature,

During heat stress, an increase in metabolic activity
results, in assotiation with heat dissipation. This increase
in metabolic activity is attributed to the somatic humoral
factors such as sweating, panting and respiratory rate and
the QlO effect., In an effcrt to reduce heat production, the
animal lowers food intake..In cattle and sheep 30% of the
evaporative heat loss occurs through the respliratory

passage, the major portion belng evaporated from the skin.



The value of heat increment should be considered in

formulating rations during thermal stress, Nutrient

requirements must be matched to the animal's environment,
Ratlons should be formulated at frequent intervals according

to environmental conditions existing on the feedlots for

an efficlent production performance,



