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AN ABSTRACT OF THE THESIS OF

Faqir Hussain for Master of Science

Major: Animal Production

Title: Ambient temperature and feeding regimes on intake and energy
utilization in sheep.

Three trials inveolving eight Awasi wethers were conducted
during three 4-week periods to study the effects of high ambient
temperature and humidity on the utilization of various nutrients and
energy from four different isonitrogenous rations varying in density
and source of energy. Rations 1, 2 and 3 contained barley hay and a
concentrate mixture respectively in the ratios of 25:75, 50:50, 75:25.
Ration 4 also contained 75% barley hay but had tallow instead of
concentrate added to make it isocaloric to ration 1. The effects of
ambient temperature and humidity on certain physiological responses
were also studied. The experiment was conducted in an insulated chamber
equipped with facilities to regulate and record automatically ambient
temperature and relative humidity., During the conduct of the high
temperature trial, the chamber simulated a hot day in which the
temperature was approximately 10°C higher than normal at the peak hour
with a sharp rise from 7 a.m. and a gradual fall during the night.

High ambient temperature (32°C) and relative humidity (88%)
decreased daily feed intake (P( .01) and in increased daily water con-
sumption (P ¢ .01) and urine volume (P .05). The heat stress lowered the
digestibility of crude protein, ether extract and energy but resulted in
no significant effect on the digestibility of dry matter, crude fiber and
nitrogen free extract. The digestibility of all nutrients, including
energy, decreased when the roughage level of the ration increased from
25 to 50%Z. Increasing the roughage level from 50 to 75Z decreased
significantly (P {.05) the digestibility of crude protein and ether
extract but did not affect the digestibility of dry matter, crude fiber,
nitrogen free extract and energy. Replacing the concentrate in a 75%
roughage ration with 6% tallow improved the digestibility of crude
protein and ether extract. High temperature lowered (P { .01l) meta-
bolizable energy and this effect was most pronounced in the case of 75%
roughage ration. There was a significant improvement in the availability
of metabolizable energy with the addition of fat to the 754 raughage
ration. Neither composition nor ambient temperature resulted in any
significant change in nitrogen utilization. Respiratlion rate, heart
beat (P (.01) and rectal temperature (P { .05) were all increased during
the high temperature trial and the effect of heat stress was highest
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at 75% roughage level. Intrathoracic and subcutaneous temperatures
tended to be higher with 75% roughage ration than with 25% roughage
ration and this trend was intensified during the high temperature
trial.
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I. INTRODUCTION

It has been long recognized that in the hot humid tropices,
where the environmental temperature and humidity are high, the
productivity of livestock is low compared with that usually considered
satisfactory for the temperate zones (Mcdowell, 1968). 1t is also
known the proportion of crude fiber and the energy-protein ratio in
the diet, influence the extent of energy utilization in ruminants
(Coppock et al., 1964). The energy contents of these feedstuffs are
also expected to be utilized differently in the body when exposed to
high ambient temperatures (Wayman et al., 1962). For better product-
ivity of livestock in the tropical countries, research is needed to
explore the environment-nutrition interactions.

The objectives of this research were to study the influence
of high temperature and humidity on the intake and utilization of
enérgy and protein in Awasi sheep fed four different diets containing
different levels of fiber and energy. The changes in different
physiological parameters such as heart beat, respiration, and

different body temperatures due to heat stress, were alse studied.



II. REVIEW OF LITERATURE

Feed Intake

Effect of Amblent Temperature

The immediate reaction of cattle, and probably of most
ruminants, to heat stress is to limit feed Intake and increase water
consumption. The experimental data on cattle suggest that high
ambient temperatures depress the feed intake, Ragsdale et al. (1948)
showed feed intake was depressed in European cattle where temperature
was Increased from 23,9°C to 29.4°C, Worstell and Brody (1953) found
that feed intake by Holstein, Jersey, Brown Swiss and Brahman cows
and ﬁeifers declined after the ambient temperature had risen above
70°, 75°, 80° and 95°F (21.1°C, 23.9°C, 26.7°C and 35°C), respectively.
Payne and Hancock (1957) found the same in European type cattle and
noticed profound differences between individual animals within a breed.
Johnson et al. (cited by Payne 1966, p 654), compared the daily intake
of total digestible nutrients by Shorthorn, Santa Gertrudis and
Brahman heifer calves at ambient temperatures of 50°F and 80°F (10°C
and 26.7°C) and found that the intake of Shorthorn and Santa Gertrudis
calves was significantly lower at 80°F (26.7°C). The intake of
Brahman calves was slightly higher at the higher temperature as
compared to that of other breeds. Davis and Merilan (1960) reported
that lactating Holsteins reduced their feed intake by 20%Z at an
ambient temperature of 90°F (32°C) with 50% relative humidity (r.h.}.
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Johnson et al. (cited by éayne, 1966, p 655) showed that intake of
total digestible nutrients by Holstein and Jersey, but not by

Brown Swiss calves, was less at 80°F than at 50°F (26.7°C than at
10°C). Johnston et al. (1961 a,b) found that the dry matter intake

of Jersey, Holstein and F; Red Sindhi x Holstein heifers fell when
they were exposed for 40 days of temperatures of 75°F to 90°F (23.9°C
to 32.2°C) after being kept for 88 days at temperatures between

60°F and 70°F (15.6°C and 21.1°C). Sharma and Kehar (1961) observed
that, in growing heifers, feed consumption was reduced in a hot humid
climate. Allen et al. (1963) reported that at an ambient temperature
of 103°F (39°C), Jersey heifers reduced their feed intake but zebu
heifers did not. Randel and Rusoff (1963) concluded that the total
dry matter intake by Holstein calves reared at temperatures between
75°F and 95°F (23.9°C and 35°C) was consistantly lower than that by
calves exposed to Louisiana winter temperatures from birth to 90 days
of age. Maust and Mcdowell (1971) and Maust et al. (1972) reported
that hot summer weather (mean daily temperature 27°C and r.h. 60%

was significantly correlated with feed intake but effects were generally
less than reported from studies in heat chambers. Bond and Mcdowell
(1972) who subjected Angus, Shorthorn and Hereford cows receiving high
energy pelleted diet to 32°C and 60% r.h. for 200 days, reported that
none of the animals refused more than 5% of the daily feed offered and
and even this occurred for short periods only. The differences among
the feed intake responses to heat stress can be attributed to the
differences in feed intake requirements due to body size and production.

High day and relatively low night temperatures do not seem to



'depress the total feed intake of cattle to the same extent as does

a constant high temperature throughout the 24 hours. As cited by
Payne (1966, p 655), Brody et al. concluded that a diurnal variation
in temperature (70°F to 100°F; 21.1°C to 37.8°C) reduced the intake
of feed by Holstein cattle by 20 to 30% but had little effect on
intake by Jersey cattle. Johnson et al. (1962) and Guthrie et al.
(1968) from studies conducted during the summer months in Georgia
and Louisiana, respectively, found that when feed was available
continuously, lactating cows Ilncreased their intake during the cooler
night hours to such an extent that total daily feed intake did not
decline markedly.

The effect of very high ambient temperatures on feed intake
is more drastic. Ragsdale et al. (1948) showed that Holstein and
Jersey cattle stopped eating when ambient temperature rose to 105°F
(40.6°C), and Robinson and Klemm (1953) stated that the rumination
in Illawarra Shorthorn cows ceased when body temperature rose above
104°F (40°C). Aliev (1963) concluded that in a hot dry environment
(28°C to 44°C; 82.4°F to 111.2°F) the contraction of smooth muscle
in all parts of the digestive tract of buffaloes became weak and
infrequent and the passage of ingesta was much delayed.

The increasing ambient temperature results in the rise of body
temperature and as a result voluntary feed intake by domestic ruminants
falls (Worstell and Brody, 1953; Rainey et al. 1967). Brobeck (1960,
pp 452-457) suggested that the hypothalamus acts as an integrater for
regulating food intake, and evidence for this theory was provided by
Andersson and Larsson (1961, p 82), who by warming an area of the

hypothalamus of goats with thermodes, caused hungry animals to stop



eating immediately.

The experiment of Johnson et al. (1961) shows that the
problem is a very complex one. They introduced feed into the rumen
through a fistula in order to prevent a decline in feed intake with
increasing ambient temperature. Cows so fed drank more water,
respired more rapidly, gained weight and produced more milk at 88°F

(31.1°C) than at 65°F (18.3°C).

Effect of Humidity

Ragsdale et al. (1953) reported that increasing humidity at
ambient temperatures above 75°F (23.9°C) depressed the feed intake
by Holstein, Jersey, Brown Swiss and Brahman cattle. Johnson et al.
(1963) found that when lactating Holsteins were kept at an ambient
temperature of 90°F (32.2°C), feed intake was normal at 20% r.h.,
but intake of both dry matter and total digestible nutrients was

depressed when r.h. rose to 40Z%.

Effect of Climatic Complex

The joint effects of climatic variables are demonstrated more
accurately In field observations than in controlled experiments in
climatic chambers. Unfortunately few comprehensive field experiments
have been completed. Hancock and Payne (1955) and Payne and Hancock
(1957) compared the performance of eight sets of Bostaurus identical
twins fed on hay and concentrates, one twin of each set being reared
in the temperate climate of Wew Zealand and the other in the humid
tropical climate of Fiji. They showed a wide variation in the intake

of feed between individual twins reared in the same climatic environment.



The intake of hay was significantly lower in the tropical environment
although total starch equivalent intake was about the same in the two
locations. Johnston et al. (1957) compared the intake of dry matter

by lactating Holstein cows in an air-conditioned chamber maintained at
70°F (21.1°C) with that of a matched group kept in an open barn,

exposed to the summer temperatures of Louisiana. There was no signif-
icant difference between the two groups. Johnson et al. (1963)

reported a slight increase in hay consumption for Holstein cattle housed
in an air-conditioned barn, compared to those kept at an ambient

temperature of 90°F (32.2°(C).

Effect of Feeding Regimes

In man, the interest in the regulation of food intake has been
prompted by the need to reduce eating to prevent obesity. In animals,
on the contrary, interest is mainly centered on increased feed intake
to achieve rapid growth and fattening, or high milk yield. Various
theories concerning the control of voluntary intake have been proposed
but few have been complately proven.

Brent et al. (1961), Woods and Rhodes (1962), Donefer et al.
{1963) and Montgomery and Baugradt (1965) reported that in ruminants,
ag the amount of concentrate in the diet increased, voluntary intake
decreased, so that the available energy consumption was relatively
constant. Results from the study of Nelson et al. (1968) support the
theory that ruminants will adjust voluntary food intake to energy
needs if rumen load does not limit consumption, The work by Cowsert
and Montgomery (1969) showed that when ruminants were fed isonitrogenous

rations varying 1n energy concentrations they are capable of regulating



voluntary feed intake before rumen fill became the limiting factor.
More recently, Kappel et al. (1972) reported that increasing the fiber
level of the ration resulted in increased feed consumption with no

effect on gain.

Water Intake

The direct effect of a hot humid climate on water intake is
very corplex since water is required by the animal for at least two
different purposes; as an essential nutrient and component of the
body and to assist the animal to reduce its heat load by conductive
or evaporative cooling.

The total water intake of specles, breeds within species and
individuals within breeds varies within very wide limits. The effect
of climatic environment on the water demand of ruminants varies
according to their basic water requirements, which may change with age,

size and productivity (Payne 1966, p 656).

Effect of Ambient Temperature

Winchester and Morris (1956) established a relation between
ambient temperature and the intake of dry matter and water of cattle.
They found that between 10°F and 40°F (-12.2°C and 4.4°C) the ratio
of water intake to dry matter intake remained fairly constant, but
above 40°F (4.4°C) 1t increased with increasing ambient temperature
at an accelerating rate. Bailey and Broster (1958) calculated the
increase in water intake per 1°F rise in ambient temperature over the
range 30°F to 70°F (-1.1°C to 21.1°C) for dairy heifers of temperate

type and found it to be 0.036 gallon (0.164 litre). Bond and



Mcdowell (1972) quoted Findlay's report that in a hot environment the
water consumption of cattle is increased.

The relation between ambient temperature and water intake is
not simple, Reagan and Mead (1939), Thompson et al. (1949) and
Ragsdale et al. (1951) showed that the water consumption of Holstein,
Brown Swiss and Jersey milking cows rose as amblent temperature
increased from 40°F to 80°F (4.4°C to 26.7°C) but it declined above
85°F (29.4°C). Appleman and Delouche (1958), working with goats, found
that as ambient temperature rose from 20°C to 40°C (68°F to 104°F), water
consumption, frequency of drinking and total time spent in drinking
increased while above 40°C (104°F) water intake declined. Winchester
(1964) sugpgested that the decline of water intake at high ambient
temperatures could be atributed to the assoclated decline of feed
intake and milk production, and to the rise of body temperature.
Ragsdale et al. (1950) and Ragsdale et al. (1951) found that when
anbient temperature rose above 85°F (29.4°C), the water consumption of
non-milking Brown Swiss heifers and dry or milking Brahman cows did
not fall. Johnston et al. (1961 a,b) who studied Jersey, Holstein
and Fl ked Sindhi x Holstein heifers at ambient temperatures of 75°F
to 95°F (23.9°C to 35°C), found that although dry matter intake fell
with rising ambient temperature, water intake rose by 177,

Bond and Mcdowell (1972) studying the long-time effects of
32°C and 60% r.h. on reproductive performance and physicloglcal
responses of Angus, Shorthorn and Hereford cows, reported that the
heat-stressed cows consumed more water than the controls. They

concluded that water intake did depend on ambient temperature and



was also a part of the heat-regulatory mechanism of cattle,

Various works cited by Payne (1966) show that as the ambient
temperature rose from 50°F to 80°F (10°C to 26.7°C), the intake of
the short horns rose more rapidly than that of the Brahman and the
Santa Gertrudis heifer calves. Water intake of Holstein calves
increased more rapidly than that of Brown Swiss and Jerseys under the
same conditions. Dairy heifers of temperate type drank more often
and frequency of drinking was biger during the day than during the
night, as ambient temperature increased. Above 70°F (21.1°C), Brown
Swiss calves required less water per unit of nutrient intake than
Jerseys or Holsteins.

It appears that acclimatised cattle require less water than
macclimatised ones when kept at high ambient temperatures. Johnson
and Yeck {(cited by Payne, 1966, p 656) reared Brown Swiss, Jersey
and Holstein heifers at 50°F (10°C) and at 80°F (26.7°C). They showed
that at temperatures above 80°F (26.7°C) water intake by heifers
reared at 50°F (10°C) was higher and increased more rapidly than that

by those reared at 80°F (26.7°C).

Effect of Humidity

Harbin et al. (1958) found no relation between water intake and
r.h. at a constant ambient temperature, but if ambient temperature
increased humidity could affect water intake. Ragsdale et al. (1953)
showed that at ambient temperatures above 75°F (23.9°C) increasing

humidity decreased water consumption; although the frequency of drimking



10°

increased. This may, of course, simply reflect decreased feed
intake or a decreased ability of the animal to utilize water for
evaporative cooling purposes, or both. Johnson et al. (1963)
concluded that the effect of increased humidity on water intake at

different ambient temperatures was very variable.

Effect of Climatic Complex

Water intake by ruminants depends on many factors, but the
experimental evidence suggests that in most domestic ruminants there
is a direct relation between water intake and climatic stress.
Mullick et al., (1952) studied the water intake of Kuamauni steers in
an environment where amblent temperature varied from 54°F to 100°F
(12.2°C to 37.8°C) and r.h. from 28 to 84%Z. The average daily intake
was 9.5 and 15.1 kg in the winter and summer months, respectively.
Hancock and Payne (1955) found that during growth Bos taurus cattle
reared in Fiji drank on average twice as much water as their twins
in New Zealand. During their first lactation, the Fiji twins drank
significantly more water than the twins in New Zealand (Payne and
Hancock, 1957). Rollinson et al. (1955), who studied East African
Zebu cattle in Uganda, and Harbin et al. (1958) who studied Jersey
and Holstein cows in Texas, found a significant positive correlation
between water intake and ambient temperature. Macfarlane, (cited by
Payne 1966, p 656) studied the water intake of Merino sheep for three
years and concluded that the intake in summer was 12 times that in

winter. Pagot and Delaine (1958) recorded the water intake of Zebu
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and N'Dama cattle for one year and reported that during the wet season
water intake rose with increasing ambient temperature and fell with an
increase in humidity, whereas during the dry season changes in anbient

temperature had little effect.

Nutrient and Energy Utilization

Effect of Ambient Temperature

According to Payne (1966, pp 656, 657), if climate can effect
the rate of feed intake, body temperature, respiration and pulse rate,
and thus the general metabolic function of rumlnants, it may affect
the efficiency of feed utilization by altering either the digestibility
of the feed or the rate of absorption of nutrients from the intestinal
tract, Limited experimental evidence on the general effect of climatic
stress on the efficiency of feed utilization suggests that under
controlled conditions increasing ambient temperature decreases efficiency,

although under field conditions the differences may be insignificant.

Digestibility: Graham et al. (1959) showed that in ruminants,
under controlled environmental conditions, the apparent digestibility
of any given ration was less when more feed was offered. Hence, as
ambient temperature depresses feed intake, the apparent digestibility
of ingested feed might be expected to increase but experimental
evidence on this point is contradictory. Johnston et al. (1957}
reported no significant difference in apparent digestibility between
two groups of lactating Holsteins, one exposed to Louisiana summer
temperature (73.1°F to 96°F; 22.8°C to 35.6°C) and the other kept in

an air-conditioned barn 64°F to 68°F; 17.8°C to 20°C). Similar
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results were obtained in subsequent studies (Johnston et al., 1960).
Davis and Merilan (1960) subjected lactating Holstein cows to five
different combinations of temperature and humidity.while the control
group were kept in an environment with an ambient temperature of 65°F
(18.3°C) and a r.h., of 50%Z. They reported that the two warmer
environments, 80°F (26.7°C): 80% r.h. and 90°F (32.2°C): 20% r.h.,
had no effect on apparent digestibility of the feed. Two of the other
severe environments studied 90°F (32.2°C): 40% r.h. and 90°F (32.2°C):
50% r.h. increased the digestibility of dry matter by 4.3 and 6.2%
respectively. Blaxter and Wainman (1961) found that the digestibility
of feed appeared to increase slightly when steers were exposed to mild
heat stress, Sharma and Kehar (1961) reported that digestibilities
of dry matter, crude protein, ether extract and total carbohydrates
were lower in summer than in winter. Nitrogen balance was alsc lower
in summer. Bailey (1964) found that when sﬁeep were transferred from
a cold environment (-11°C; 12.2°F) to a warm one (20°C; 68°F) the
apparent digestibility of fiber and dry matter increased. Johnston
et al. (1961 b), who kept Jersey, Holstein and F, Red Sindhi x Holstein
heifers first at 60°F to 70°F (15.6°C to 21.1°C) and then at 75°F to
95°F (23.9°C to 35°C), reported that apparent digestibility of dry
matter was higher at the higher ambient temperature. Randel and
Rusoff (1963; 1965) reared two groups of Holstein calves for 90 days;
one graup at the winter temperatures of Louisiana (36.6°F to 73.8°F;
2.6°C to 23.2°C) and the other at ambient temperatures varying from
75°F to 95°F (23.9°C to 35°C). The apparent digestibility coefficients

for dry matter, crude protein and gross energy and total digestible
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nutrients were all lower but not significantly so, in the group
maintained at the higher ambient temperature. Howes et al. (1963)
found no significant seasonal (21.1°C to 27.8°C, 45 to 52% r.h.)
differences in apparent digestibility of nutrients for either Hereford
or Brahman heifers., Kofb and Pfander (1965) studied the apparent
digestibility of the crude fiber of sheep rations and found that it was
depressed at high ambient temperatures (32.2°C; 90°F). Bond and
Mcdowell (1972) who exposed Angus, Shorthorn and Hereford cows to 32°C
and 60% r.h. reported that exposures of 35 and 112 days had no signif-
icant effect on dry matter digestion coefficients. There was only a
slight decrease in apparent dry matter digestibility at 35 days which
they concluded was possibly due to a higher water intake of the

psychrometric chamber animals.

Energy Utilization: The experiment of Hancock and Payne (1955)

with identical twins in Fiji and New Zealand showed that in growing
heifers of temperate type there was a significant reduction in the
efficiency of utilization of energy of feed during the hottest periods
of the year. Later, Payne and Hancock {1957) found that during the
heifers' first lactation, there was no significant difference in the
efficiency of energy utilization. Armstrong et al. (cited by Payne,
1966, p 657) concluded that in sheep the net availlability of meta-
bolizable energy of feed for weight gain varied from 80 to 100% at
environmental temperatures which resulted in shivering to between

30 and 50% at high environmental temperatures, Wayman et al. (1962)
studied lactating Holsteins receiving a constant feed intake or fed

to appetite at ambient temperatures of 65°F (18.3°C) and 85°F (29.4°C).
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They found that high ambient temperature caused a significant decrease
in efficiency of energy utilization for milk production, and suggested
that this was due to a decrease in the rate of passage of feed through
the rumen. Soderquist and Knox (1967), who studied temperature-
environment relationship in fattening lambs in three different
environments (cold, 0°C; ambient, 23°C; hot, 35°C), found that the hot
environment resulted in a lowered energetic efficiency due to Ilncreased
energy losses as methane and heat. Later, Knox and Soderquist (1969)
reported that energy retention was not affected by environmental
temperature stress. However, as the voluntary feed intake was affected
by the temperature, this in turn directly affected energy retentionm.
They concluded that lower energy retention was a direct result of a

lowered voluntary feed intake due to heat stress.

Effect of Feeding Regimes

Digestibility: Haynes et al. (1955), Bloom et al. (1957) and
Lassiter et al. (1957) conducted digestibility trials with dairy
cows fed rations containing varying ratios of roughage to concentrate.
They found that the digestibility of dry matter, ether extract and
nitrogen free extract, and the content of total digestible nutrients
were highest for the rations having the highest proportion of concentrates.
The digestibility of crude fiber was less clearly affected by ration
compositon but showed a tendency to decrease with increasing levels
of concentrates. Earlier, Mumford et al. (1951) working with sheep
reported similar results, Elliot and Loosli (1959) reported that the

apparent digestibility of dry matter, ether extract, nitrogen free
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extract and gross energy increased significantly as did total
digestible nutrient values, with increasing proportion of concentrates
in the ration., Crude fiber and crude protein digestibilities were not
gignificantly affected by the ratlo of hay to concentrate. Putman and
Loogli (1959) found that as the proportion of concentrates in the
ration became larger, the apparent digestibility coefficient increased
for dry matter, crude protein, ether extract, nitrogen free extract and
total carbohydrates but decreased for crude fiber. Bell et al. (1963)
found that fiber dipestibility was lowered when the concentrate portion
of the diet was increased, apparently as a result of an altered rumen
fermentation and that the proportion of concentrates in the ration had
little effect on efficiency of feed conversion. Nelson et al. (1968)
and Cowsert and Montgomery (1969) reported that apparent digestibility
of dry matter and crude protein increased significantly with increasing
amount of concentrates in the ration. Montgomery and Baumgardt (19653)
and Cowsert and Montgomery {1969) found no significant differences in
apparent digestibility of fiber; apparent digestibility of gross energy
increased significantly as the amount of ration concentrates increased,
Wiktorsson (1971) observed no effect of ration composition on digest-

ihility.

Energy Utilization: Nordfeldt et al. (1950), studying different

levels of fiber in dairy ratlions, found that the level had a definite
influence on milk production and reported decreases in milk production
with increasing crude fiber in the ration when total digestible
nutrient intake was held constant. Leighton and Rupel (1956) found

that Holstein and Jersey cows fed a low fiber ration (4.1%) during the
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summer produced more milk than similar cows fed a ration high in fiber
(10%) . Rupel and Leighton (1957) and Leighton (1965) subsequently
reported that lowering the fiber levels of the ration significantly
increased milk yields in hot weather (35°C). Breidenstein et al.
(1960) studied the effect of fiber concentration of the ration on the
performance of dairy cows under hot and cool conditions and found
daily milk production to be significantly higher in cows receiving a
ration with lower fiber content. Rea and Ross (1961) and Moose et al.
(1969) reported that the heat increment of high fiber rations may
alter ration utilization and animal performance under warm and cool
conditions. |

Wayman et al. (1962) concluded that a 2% difference in the crude
fiber content of the ration had no significant effect on milk production
of Holsteins at 65°F to 88°F (18.3°C to 31.1°C) ambient temperature.

It may be that the difference In crude fiber content has to be of the
order of 6 to 10% before the increase in heat production of digestion
becomes significant.

The relative response and efficiency of feed utilization by
rats, chicks, pigs, sheep and steers have been compared when two
rations composed of the same natural feedstuffs but varying in fiber
content (7.6% versus 13.5%) were fed (Meyer and Nelson, 1963). In this
study, the rats, chicks and pigs made higher daily gains on the low
fiber ration, while the sheep gained more weight on the ration with
a higher fiber content. The low fiber ration resulted in higher
efficiency of feed utilization for the non-ruminants while the sheep
showed a higher efficiency when fed the high fiber diet. It was found

that relative feed capacity of the animals played a major role in
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total efficiency of feed utilization., Coppock et al. (1964) and
Blaxter (1965, pp 121-130) reported that the efficiency of utilization
of metabolizable energy avallable for milk production decreased as the
roughage level in the ration of dairy cows increased.

In studies with sheep, Graham (1964 a) found that the net
availability of metabolizable energy, both for maintenance and
fattening, decreased regularly as the quantity of digestible fiber
increased in the ration. Tsai et al. (1967) working with dairy cows
reported that the feeding of a low-fiber ration resulted in signif-
icantly higher levels of milk production than a ration with a higher
content of fiber. Kappel et al. (1972) reported a lowered feed
efficiency due to increasing fiber level in the ration. Fiber heat
increment did not influence ration utilization differently during

summer and winter.

Nutrition Versus Climatlc Stress

The ration is a factor affecting heat tolerance in dairy
animals (Johnston,1958). The quantity and quality of nutrients also

affect the reaction of ruminants to climatic stress.

Fiber

If rations are equal in net energy, then those digested with
the least heat increment should result in the lowest 1internal heat
production and therefore be the most useful for ruminants at high
ambient temperature. Most of the experimental evidence suggests
that rations low in fiber produce a lower heat increment per 100 Kcal

digested than those high in fiber. Leighton and Rupel (1956) fed
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Holstein and Jersey milking cows rations containing high (10%) or low
(4.1%), crude fiber during summer months; body temperature, pulse rate
and respiration rates were significantly lower in the group on the

low fiber ration. Rupel and Leighton (1957) and Leighton (1965)
reported that cows consuming rations with a low level of crude fiber
showed a 0.17°C lower body temperature, a 6.5 per minute slower
respiration rate and a 4.5 per minute slower pulse rate than cows
receiving ration high in fiber. Badr (1957) stated that cattle and
buffaloes fed on hay had a significantly lower respiration rate than
similar animals fed on straw. Melchor and Bateman (cited by Tsai et al.
1969) cbserved that the heat stress response to different levels of
ration fiber varies with individual animals. Stott and Moody (1960)
found that when ambient temperature ranged from 80°F to 110°F (26.7°C
to 43.3°C) the body temperature of dairy cows receiving a low level of
roughage per unit of body weight averaged 0.51°F (0.28°C) lower and the
cows respired 14.1 less times per minutes than similar animals receiving
a higher roughage intake. Rogerson (1960), who studied the effect of
environmental factors on the heat production of zebu type and European
type cattle, reported that substitution of parts of a basal ration of
poor quality hay by equal welghts of concentrate did net result in
reduced heat production. Alim (cited by Payne, 1966, p 663) found

that Kenana calves kept under hot dry conditions had body temperatures
which were significantly lower when they were given hay high in protein
as compared to straw., Tsai et al. (1967) reported that lactating cows
receiving a low fiber ration showed a 0.3°C lower body temperature,

respired 6.7 less times per minute and had a 6.4 per minute slower
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pulse rate than animals on a high fiber ration.

Armstrong and Blaxter (1956) have offered an explanation for
the rise in the heat increment of feeding with a rise In the fiber
content of the ration. They suggested that as the percentage of the
volatile fatty acids, in particular, of acetic acid, rises in the
rumen, heat production increases. The proportion of the total volatile
fatty acids accounted for by acetic acid is high when fiber is

digested.

Protein

The limited experimental evidence about the effect of increasing
the protein content of the diet on the ruminant's heat tolerance
suggests that it is of no significance. BRobinson and Lee (1947) showed
that the percentage of crude protein in the diet of sheep malntained on
high and low planes of nutrition had no significant effect on heat
tolerance. Leighton and Rupel (1960) gave wmilking cows high-energy
diets low in fiber in which protein content was either adequate or
high, and found that at high ambient temperatures the high protein

content improved heat tolerance but not significantly.

Plane of Nutrition and Energy

Most of the experimental evidence suggests that when ambient
temperature is high, animals fed on a high plane of nutrition are
1ikely to have more difficulty in disposing of body heat than those
fed on a low plane. Clark and Quin (1947) showed that sheep exposed
to ambient temperatures of 105°F to 108°F (40.6°C to 42,2°C) had

higher respiration rates when fed on concentrates rather than on
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roughage. Robinson and Lee (1947) reported that when sheep on a high
plane of nutrition were compared with sheep on a low one at high ambient
temperatures the former had significantly higher rectal temperatures,
pulse rates, respiratory rates and rates of water loss. Riek et al.
(1950) exposed Merino and Corriedale sheep, fed a low, medium and

high plane of nutrition, to ambilent temperatures of 30°C to 45°C

(86°F to 113°F). The sheep receiving the medium plane diet showed the
highest heat tolerance. Armstrong et al. as cited by Payne (1966, p 662},
maintained closely clipped sheep at ambient temperatures of 8°C to 38°C
(46.4°F to 100.4°F) and gave them 600, 1200 and 1800 g of dry grass daily.
The environmental temperatures at which heat production was least were
39°C to 40°C (102.2°F to 104°F), 33°C (91.4°F) and 24°C to 27°C (74.2°F
to 80.6°F) for the sheep given low, medium and high amounts of feed,
respectively., There appears to be an inverse relation between the plane
of nutrition and range of ambient temperatures at which heat production
is least. Hardison (1959, p 491) reported that energy lost as heat
increased with plane of nutrition, Rogerson (1960) measured the heat
production of steers maintained on low and high planes of nutrition at
20°C (68°F), 30°C (86°F) and 40°C (104°F), and found that increasing
ambient temperature had no effect on heat production when the plane

of nutrition was low but greatly increased heat production of the
animals maintained on the high plane. Blaxter and Wainman (1961}

have also shown that at ambient temperatures, -5°C to 35°C (23°F to
95°F), losses of heat per unit of body surface by convection, conduc-
tion and radiation were the same whether steers were gilven sub-

maintenance or maintenance rations. Evaporative losses of heat were
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respectively. There appears to be an inverse relation between the plane
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is least. Hardison (1959, p 491) reported that energy lost as heat
increased with plane of nutrition. Rogerson (1960) measured the heat
production of steers maintained on low and high planes of nutrition at
20°C (68°F), 30°C (86°F) and 40°C (104°F), and found that increasing
ambient temperature had no effect on heat production when the plane

of nutrition was low but greatly increased heat production of the
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have also shown that at ambient temperatures, -5°C to 35°C (23°F to
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maintenance or maintenance rations. Evaporative losses of heat were
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higher in the animals given the larger amounts of feed. Graham

(1964 b) showed that when Merino ewes were exposed to ambient
temperatures of 10°C to 35°C (50°F to 95°F) heat production was least
within the range 28°C to 35°C (82.4°F to 95°F), and that the critical
temperature of pregnant sheep or sheep maintained on a high plane of
nutrition was lower than that of open sheep or those on a lower plane
of nutrition. A possible effect of a high plane of autrition is to
lncrease the subcutaneous deposition of fat which might decrease heat
tolerance by interfering with the mechanism of heat loss from the
skin, Ledger (1959) reported on an interesting difference between

Bos taurug and Bos indlcus cattle in this respect. He concluded that

Bos indicus have less subcutaneous fat than Bos taurus of equivalent
body fatness. This may be another characteristic that assists the

survival of Bos indicus in semiarid tropical environment.

Vater
Ruminants exposed to high ambient temperatures may use water
in at least two ways to get rid of heat produced by metabolism.
Firstly, water is used for evaporative cooling purposes. Secondly,
water which is consumed in excess of metabolic needs and which is
at a temperature lower than body temperature, when excreted at body
temperature in the urine or in the feces, removes heat from the body.
An adequate intake of free water is likely to assist the
animal to improve its heat tolerance. There is experimental
evidence in favour of this. Payne and Hancock (1957} reported a
significant correlation between water intake and body temperatures

and respiration rates of lactating Bos taurus twin heifers in two
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different climatic environments. Macfarlan et al. (1958), working

with sheep kept at ambient temperatures varying from 40°F to 115°F (4.4°
to 46.1°C), found a positive correlation between water intake per kg
body weight and respiration rate; mature sheep panted less and drank
less than growing sheep. Thompson et al. (1949) stated that as

ambient temperature rose urine output of cattle was positively
correlated with water intake, and that the greater the water intake

the less the rise in body temperature. Kamal et al. (1959) confirmed
that as ambient temperature rose,.so did the water intake and urine
volume of cattle.

It is therefore reasonable to suppose that any measures that
are taken to increase water intake or to lower the temperature of
drinking water should help in reducing the heat load of the animal.
Rusoff et al., as cited by Payne (1966, p 664), attempted to increase
the volume of water drunk by milking cows kept at 95°F (35°C) by
adding saccharin to drinking water. The cows given sweatened water
drank more and gained weight as compared to control. Kelly et al.
(1965) tried to raise water intake of cattle by giving them more
salt; water consumption increased by 60%Z but there was no effect on
welght gain.

Reducing the temperature of drinking water has been shown
to affect heat regulation more than increasing consumption.
Noffsinger et al. (1961), Bailey et al. (1962) and Cunningham et al.
(1964) reported that ruminal and rectal temperatures were depressed
when sheep and cattle drank cold water and that the degree of

depression depended on both the volume and temperature of water
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consumed. Noffsinger et al. (1961) reported that the ingestion of
wvater at 77°F (25°C) lowered ruminal and rectal temperatures of sheep
by 10°F (5.6°C) and 1.5°F (0.8°C), respectively. Bianca (cited by
Payne, 1966, p 664) reported that steers which, after a period of
water restriction, drank 50 liters of cold water at 14°C (57.2°F),
showed reduced rectal, skin and subcutaneous temperatures. Ittner

et al. (1951), Ittner et al. (1954, pp 871, 872; 1958) and Kelly et al.
(1965) stated that cooling the drinking water increased liveweight
gain of beef cattle maintained under the high ambient temperatures of
a Californian summer. Kelly et al. (1965) concluded that the superior
welght gains could not be attributed to increased water intake since
the animals drank less of the cooled water. Furthermore, the heat
dissipated by the cooled water was quite small, never more than 4%

of the average dalily heat production of the cattle. It was considered
that some physiological factor besides augmented heat loss must be
responsible for part of the increased weight gains. Bhattacharya

and Wamer (1968) infused cold water {5°C) into the rumen of dairy
cattle and observed depressed tympanic (hypothalamic) temperatures
with concomitant Increases in feed intake of 24%.

Large volumes of cooled water could presumably affect the
microbial activity in the rumen and hence the digestibility of the
diet, but Bailey et al. (1962) found that drinking cooled water had
no significant effect on the digestibility of feed in sheep. Leitch
and Thomson (1944/45, pp 208, 222) reviewed the water requirements
and metabolism of ruminants and concluded that total loss of water

by vaporisation increased slowly to 15°C, them rapidly to 21°C and
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at higher ambient temperatures more slowly. They also concluded
that, other things being equal, loss of water by wvaporisation rose
with ambient temperature and with the plane of nutrition of the
animal. Riek et al. (1950) reported that in sheep increased
evaporative loss was not well established until ambient temperature
exceeded 35°C (95°F). Kibler and Brody (cited by Payne, 1966, p 664)
found that increasing humidity depressed the rate of evaporation of
water from the skin of cattle. Some types of cattle are more
efficient than others in using water for evaporative cooling

(Brown and Motasem 1965). The reasons are not clear, but some
runinants are apparently capable of allowing their body temperature
to fluctuate and rise during the hottest period of the day. Schmidt~
Nielsen (1956, p 368) showed that the body temperature of the camel
fluctuated diurnally between 34°C (93.2°F) and 40.7°C (105°F),and

he concluded that this characteristic allowed it to conserve water
that otherwise would have been used for evaporative cooling to maintain

constant body temperature,



III. MATERIALS AND METHODS

Animals

Eight eleven-month old Awasi wethers were used in the
experlment. They were sheared and dewormed 3 days prior to the
beginning of each trial of the experiment. Also, hooves were
trimmed and the teeth were checked at that time. One ml of injectable

1

vitamins— was administered subcutaneously to each animal at the

beginning of each trial of the experiment.

Experimental Chamber

The experiment was conducted in a chamber 28 meters long and
8.5 meters wide, insulated internally on the ceiling and walls with
a 2.5 cm thick layer of polystearin foam. During the first and the
third trials of the experiment, no heating was employed in the chamber.
However, during the second trial, three electric heaters were installed
to raise the temperature of the chamber. The heaters were distributed
along the wall, behind the animals, in such a way that the distance
between each animal and the heater was approximately the same. The
heaters, when switched on, raised the temperature to about 35°C at the
maximum. There was a water channel 0.5 meter wide running along the
entire length of the chamber in which the water level was maintanined

constant. The level of water in the channel was checked twice daily,

Injacom ADE: each ml contains vitamins A 500,000 i.u., D3 75,000 i.u.
and E 50 i,u. in solution. ¥F. Hoffman - La Roche and Co. Ltd.
Basle - Switzerland,.
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at 9 a.m. and at 4 p.m. A thermohygrograph, placed on a table in
the middle of the chamber recorded the humidity and the ambient
temperature of the chamber, simultaneously, during the entire period
of the experiment. An exhaust fan, fixed 1n the wall, was turned on
each morning at 7 a.m., to augment ventilation.

Each sheep was confimed separately in a digestion and meta-
bolism crate during the entire experimental period.

During the high temperature treatment period efforts were
made to Imitate the environmental temperature of hot humid days when
the temperature is high during the day while the nights are compara-
tively cooler, The heaters were switched on at 7 a.m. and switched
off at 4 p.m. daily. Thus the chamber simulated a hot humid day
with ambient temperature approximately 10°C higher at the peak hour
than the ambient temperature of the previous trial at the peak hour.
The relative humidity read 90% at its peak. Samples of the tracings
from the thermohydrograph (one from each of the ﬁrials) are shown
in Figure 1. Averages of minimum and maximum ambient.temperature and

r.h. during the trials are given in Table 9, Appendix B.

Experimental Design

Three trials were conducted. Each of the trials lasted about
30 days and included a 10-day preliminary period followed by two
successive 7-day collection periods. Four ration treatments were
randomly alloted to eight sheep, two animals receiving the same
ration. An adjustment period of one month in the chamber preceeded

the experiment.
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Diets Studied

Ingredient composition of the four ground rations fed is
shown in Table 1. Rations 1, 2 and 3 contained barley hay respect-
ively in the levels of 25,50 and 75%. The barley grain content of
the respective rations were 54, 32 and 7%. The fourth ration
contained 75%Z hay but no grain. Instead 6% tallow was incorporated
in an effort to make it equicaloric to ration 1. Soybean oil meal
was used as a protein supplement In the rations, All the ratioms
contained a mineral mixture, bone meal, salt and molasses in equal

amounts.

Table 1. Ingredient composition of Rations

Ration No. 1 2 3 4

Ingredient composition ()

Barley hay 25 50 75 75
Barley 54 32 7 -
Soybean meél 15 12 12 13
Mineral mixturel 1 1 1 1
Bone meal 1 1 1 1
Salt 1 1 1 1
Molasses 3 3 3 3
Tallow - - - 6

See Appendix A, Table 8,
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The chemical composition of the rations is shown in Table 2.
The rations were approximately isonitrogenous but varied in levels of
fiber and gross energy., Rations 1, 2, 3 and 4 contained 10.9, 15.1,
19.3 and 19.1 percent of crude fiber and 4.216, 2,933, 3.792 and
4.273 Kcal/kg of gross energy, respectively., All the rations

contalned approximately 16 percent of crude protein.

Table 2., Chemical composition of rations

Ration No. 1 2 3 4

Chemical composition

Dry matter (%) 91.0 90.6 90,2 90.0

Percentage composition of
dry matter

Crude protein 16.4 16.3 16.0 16.2
Crude fiber 10.9 15.1 19.3 1.1
Ether extract 2.2 2.0 2.3 7.2
Ash 6.4 7.4 8.0 7.9
Nitrogen free extract 62.4 57.4 52.8 48.0
Calcium 1.19 1.17 1.19 1.18
Phosphorus 0.46 0.49 0.48 0.49
Gross energy (Kcal/kg) 4216 3933 3792 4273

Feeding Plan

The animals were fed ad libitum, twice a day, at 7 a.m. and at
1 p.m. The feeds remained before them for four hours at each feeding.

Water was made available to the animals when feed was not provided.
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Recording of Physiological Responses

Respiration rate, heart beat and rectal temperature were
recorded in all animals every third day at 7 a.m. 10 a.m., 12 a.m.
and 3 p.m., throughout the experimental period. A stethoscope was
used for the measurement of heart beat and respiration, At the end
of each trial, subcutaneous and intrathoracic temperatures were also
recorded hourly with the help of a telethermometer fitted with
thermistor probes, in two animals receiving the lowest and highest
level of fiber in theilr rations. The site of measurement of sub-
cutaneous temperature was an area on the dorsal surface of the thorax.
The site was shaved, cleaned with alcohol and the thermistor probe
was inserted under the skin. The intrathoracic temperature was measured
at a point midway between the xiphoid cartilage and vertebral columm,
on the intercostal space, between the 10th and 11th ribs. A flexible
thermistor probe was introduced into the thoracic cavity at the site
with the help of a cannula. The probes were kept in position by
adhesive tape. The animals were injected with antibioties on three
successive days to avold any complications due to infection. The
subcutaneous and intrathoracic temperatures were recorded on the

following day after the thermistor probes were implanted in the body.

Collection, Sampling and Analysis

Feed samples were taken during pericds and composited.
Representative samples were drawn at the end of collection periods
and ground for later analyses. Feeds refused during the collection
periods were weighed, composited, sampled and ground separately for

each animal. The total amount of feces voided by each animal,
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during the collection periods, was gathered daily at 2 p.m. The
collected feces were dried for 24 hours in an oven at approximately
58°C and then composited. At the end of each collection, the total
amount of feces collected from each animal was welghed and repre-
sentative samples were ground for analyses.

Urine was collected in plastic jars containing dilute sulfuric
acid (20 ml of 1:1 sulfuric acid and water by weight, and approximately
500 ml of water).

Daily urine collections were diluted to a definite weight.

A two percent sample was then composited and stored under refrigeration
for each sheep daily, during the entire collection pericd as described
by Bhattacharya and Fontenot (1965). Feeds offered, feed refusals and
feces were analysed for proximate components, according to methods
described by Horwitz (1960, pp 94, 283, 284, 287, 288, 292, 293).
Energy determinations for the rations and feces were made by using an
adiabatic bomb-calorimeter. Energy contents of urines were calculated
by the formula reported by Paladines et al. (1964). Methane production
was calculated by using the formula of Swift et al. (1948). Metabo-
lizable energy (M.E.) values of the rations were then calculated and
expressed as percentage of gross energy. Nitrogen content of urine
samples were determined by Kjeldahl's method,

Percent digestibility of nutrient components, including energy,
and net retention of nitrogen were calculated. The data from two
collections in each trial were averaged.

The data were subjected to analysis of variance (Snedecor and
Cochran 1966, pp 272, 273), and Duncan's multiple range test was employed

to test for significant differences among treatments (Duncan 1955, pp 1-11).



IV. RESULTS AND DISCUSSION

Feed Intake

The average dally feed intake data are shown in Table 3 and
the analysis of variance is presented in Appendix C, Table 10,
Daily feed intake decreased significantly (P .01) as a result of
higher ambient temperature and humidity, in trial 2 and increased
agaln in trial 3, when heat stress was removed. A confounding factor
in most of the studies of thermal stress has been reduced feed intake.
Ragsdale et al., (1948) showed feed intake was depressed in European
cattle when temperature was increased from 23.9°C to 29.4°C. Worstell
and Brody (1953) reported reduced daily feed consumption in Holstein,
Jersey, Brown Swiss and Brahman cows when temperature rose above
21,1°C, 23.9°C, 26.7°C and 35°C, respectively. Davis and Merilan
(1960) found that dairy cows reduced their feed intake by 20%Z at an
ambient temperature of 32°C with 50% r.h. Johnson et al. (1963)
reported that at ambient temperature of 32.2°C with 20%Z r.h., lactating
Holsteins did not reduce their food intake but when r.h. rose to 407,
food intake was depressed. Sharma (1968) noted a significant
reduction in feed intake at a summer ambient temperature of 38°C in
local as well as, Iin the imported Indian breed of cattle, when
compared to similar studies in winter (29°C).

The extent of depression in feed intake at high ambient tempe-
rature, in the present study, seems to have increase with the increase

of roughage level in the diets. It varied from 14% in 257 roughage
32
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ration to 507 in 75% roughage ration. Incorporation of fat in 75%
roughage ration alleviated the depression to 337%.

Under normal temperature conditions during the first trial,
feed intake tended to increase at each increase in the roughage level
in the diet, however, the differences were not significant (P ) .05).
Brent et al. (1961), Woods and Rhodes (1962), Donefer et al. (1963)
and Montgomery and Baumgardt (1965) also observed higher voluntary
intakes with higher proportions of roughage in the rations.

The data on food intake show the familiar physiological
relationship of food intake and climatic stress. As the ambient
temperature approaches body temperature, mammals find it difficult to
dissipate heat. Since the heat increment of feeding is large in
ruminants, a reduced food intake with increasing ambient temperature

decreagses the heat production associated with feeding.

Water Intake and Urine Volume

The average daily water consumption (Table 3) 1acreased
significantly (P .0l) as the ambient temperature rose in the 2nd
trial. It appears that animals increased their water consumption to
cool themselves by evaporative cooling. As a result of higher water
intake, fhe‘average daily urine volume (Table 3) also increased
significantly (P .05). The results are in agreement with Reagan
and Mead (1939), Thompson et al. (1949), Ragsdale et al. (1951),
Appleman and Delouche (1958), Kamal et al. (195%9) and Bond and

Mcdowell (1972).
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Digestion Coefficients of Ration Nutrients

The mean apparent digestion coefficients are summarized in
Table 4 and the results of the analysis of variance are tabulated in
Appendix D, Table 13.

Exposure of the animals to high ambient temperature signif-
icantly decreased the digestibility of crude protein, ether extract
and energy (P {.01). Similar findings were reported by Sharma and
Kehar (1961) with respect to crude protein and ether extract. Randel
and Rusoff (1963; 1965) also noted that the digestibility of crude
protein and energy was lower in Holstein calves reared at high
temperatures (23.9°C to 35°C) than in those reared at low temperatures
(2.6°C to 23.2°C).

Coefficlents of digestibility for dry matter, crude fiber and
nitrogen free extract (NFE) did not differ significantly among trials.
These results agree with those of Johnston et al. (1957; 1960) and
Bond and Mcdowell (1972), but are at variance with the findings of
Davis and Merilan (1960), Johnston et al. (1961 b) and Bailey (1964).
Sharma and Kehar (1961) reported a lower digestibility of dry matter
and total carbohydrates at 42.2°C as compared to 36.7°C, and Randel
and Rusoff (1963; 1965) noted an insignificant decrease in digest- '
ibility of dry matter at 35°C as compared to that at 23.2°C. Bailey
(1964) reported an increased digestibility of crude fiber in sheep
maintained at 20°C as compared to animals in an -11°C environment.

On the other hand, Kofb and Pfander (1965), also working with sheep,
found that crude fiber digestibility was depressed at high ambient

temperatures above 30°C.
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Significant differences were obtained among rations. The
digestion coefficients of dry matter, crude protein, crude fiber,
ether extract, NFE and energy, all decreased significantly (P {.01)
as the roughage level increased from 25% to 50%. Increasing roughage
level of the ration from 50% to 75% decreased significantly (P {.05)
the digestibility of crude protein and ether extract but did not show
any marked effect on the digestibility of dry matter, crude fiber,
NFE and energy. Incorporation of fat in 757 roughage ration improved
the digestibility of crude protein and ether extract but did not affect
the digestibility of dry matter, crude fiber, NFE and energy. The
digestibility of crude fiber with the higher proportions of roughage
in the diets is consistant with the observations of Vidal et al. (1969).
Other workers have shown significant increases in dry matter and
energy digestibility with increasing proportion of grain in the ration
(Elliot and Loosli, 1959; Bell et al. 1963; Putman and Loosli, 1959

and Philips et al.,, 1951).

Nitrogen Utilization from Rations

The average nitrogen utilization values are given in Table 5.
No significant differences among trials in the amount of daily nitrogen
retained were noticed. Similarly, the percentage of nitrogen retained
of that absorbed did not differ significantly among trials. Similar
nitrogen retention values were obtained with all rations. These
results show that, under the conditions of this experiment, neither
an increase of 10°C in ambient temperature nor an increase in the
roughage content of isonitrogenous rations affected nitrogen

utilization significantly.
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Energy Utilization

The energy utilization values are given in Table 6 and the
result of analysis of variance regarding M.E. is shown in Appendix E,
Table 14 significant differences among trials were obtained for M.E.
(Kcal per kg ration). The M.E, values were significantly lower
(P {.01) in trial 2 than in trial 1 and 3. The effect of high ambient
temperature was most pronounced in the case of high roughage (757%)
ration, however, the depressing effect of high ambient temperature
on M.E. was less in ration 4 with added fat.

Significant differences in M.E. were also observed among
rations, Ration 1, with the lowest roughage level had a M.E. value
which was significantly higher (P {.01) than that of any of the other
rations., Ration 3 and 4, while not differing from each other, were
significantly different (P .01) from ration 2., Addition of fat to
75% roughage ration did not show any improvement in M.E.

It may be concluded from the results of the present study
that high ambient temperatures and increasing roughage contents in
the rations lower energy utilization by sheep. Hancock and Payne (1955),
Merilan and Berry (1962), Wayman et al. (1962) and Soderquist and
Knox (1967) also reported significant decreases in efficiency of
energy utilization due to high ambient temperatures Graham (1964 a),
in studies with sheep, found that the net availability of metabolizable
energy, both for maintenance and fattening, decreased regularly as the
quantity of digestible fiber increased in the ration. Others reported
the same in dairy cows (Nordfeldt et al., 1950; Leighton and Rupel,

1956; Rupel and Leighton, 1957; Coppock et al., 1964 and Blaxter, 1964).
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Physiological Responses

Mean wvalues for respiration rate, heart beat and rectal
temperature are summarized in Table 7 and the results of analysis of
variance are tabulated in Appendix E, Table 15 significant differences
in respiration rate were obtained among trials. Under climatic stress
in trial 2, respiration rates were significantly higher (P ¢ .01) than
in trials 1 and 3. Also, in trial 3, animals respired at a signif-
icantly higher (P { .0l) rate than in trial 1, Significant differences
among rations were also noted. Sheep receiving rations with 75%
roughage, respired at a significantly higher (P {.01) rate than those
receiving rations with 25% and 50% roughage. Ration 1 and 2 did not
differ significantly from each other as far as thelr effect on
resplration was concerned and the same was true for rations 3 and 4.

Heart beat per minute was significantly higher (P < .01) in
trial 2 than in the other two trials which were not significantly
different from each other. Rations also resulted in significant
differences in the frequency of heart beat. Animals on rations with
75% roughage had higher heart beat per minute than animals on lower
roughage rations., Rations 1 and 2, and rations 3 and 4 did not differ
significantly from each other.

Rectal temperatures of sheep fed 75%Z roughage rations were
significantly higher (P {.05) in trial 2 than in trilals 1 and 3 which
did not differ significantly from each other. Animals on the 75%
roughage rations had significantly higher (P { .05) rectal temperatures
than those fed rations containing 25 or 50% roughage. No significant
differences were noted between rations 1 and 2 or between rations

3 and 4.
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Higher respiration rates, heart beat and higher rectal
temperatures due to high fiber levels in the rations have alsoc been
reported by Leighton and Rupel (1956), Rupel and Leighton (1957),
Leighton (1963), Stott and Moody (1960) and Tsai et al. (1967) in
studies with dairy cattle,

Figure 2 represents graphically the effect of ambient tempe-
rature and rations on respiration, heart beat and rectal temperatures.
Graphs on the left represent trial 1 while those on the right side
represent trial 2. Rations containing the 75% roughage level (with
or without fat) showed higher values than rations with the lower
roughage levels, and this was true for all the physiological responses
studied.

In trial 2, under heat stress the effect of higher roughage
contents in the rations becomes more conspicuous and the curves for
rations 3 and 4 separate wider from those of rations 1 and 2 than they
do in trial 1, in case of rectal temperature and heart beat, particularly.

Figure 3 is a graphic representation of the hourly changes
noted in sﬁbcutaneous and intrathoracic temperatures in sheep on the 25%
and 75% roughage diets. Curves on the left represent triallwhile those
on the right trial 2. It is apparent from the shape of the curves that
subcutanecus and intrathoracic temperatures were higher in animal
receiving the higher level of roughage. This trend becomes more acute

in trial 2 under high temperature conditions.



:50% ROUGHAGE - ---:75% ROUGHAGE -.-.-:

25 *% ROUGHAGE

[3) 75% ROUGHAGE * FAT «ovoeus
o 40
- 1
[TT]
[ ]
439
2
o
= 38
-
«
w
m
o
<
w
=
170r
1501 o
130} e
Lut = =
% 45
m -
zZZz
=235
=&
w 25
NORMAL TEMPERATURE HIGH TEMPERATURE
[ A L Il L A 1 ' J L A | A [ A L '
7 8 9 0N 121 2 3 7 8 9 WM 121 2 3
TIME (CLOCK HOURS} TIME (CLOCK HOURS )
L L 'l A L il A1 i J el L ] L A 'l A ']
20 » 23 20 21 22 24 26 28 30 32
ROOM TEMPERATURE °C ROOM TEMPERATURE °C

Figure 2. Ambient temperature and diets on respiration,
heart beat and rectal temperature.

44



TEMPERATURE
INTRATHORACIC SUBCUTANEOUS

45

o--—o TS%ROUGHAGE
+—e 25°% ROUGHAGE

NORMAL TEMPERATURE HIGH oTEMPERATURE

o

40

. O,

w
a

L i A | I T | L L ] [ T | 1 A 'l § VDY W N S S SR |

78 9 01112131,1516171819 7 8 9 10 11 12 13 14 15 16 17 18 19

TIME {CLOCK HOURS) TIME(CLOCK HOURS)
20 —» 23 ——> 22 2021 22 24 26 28 30 32 31 30 28 26 25
ROOM TEMP. °C ROOM TEMP- °C

Figure 3. Ambient temperature and diets on subcutaneous
and intrathoracic temperatures.



V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Three trials involving eight Awasi wethers were conducted during
three 4-weeks perlods to study the effect of high ambient temperature
and humidity on the utilization of various nutrients and energy from
four different isonitrogenous rations varying in density and source of
energy. Rations 1, 2 and 3 contained barley hay and a concentrate
mixture respectively in the ratios of 25:75, 50:50, 73:25. Ration 4
also contained 75% barley hay but had tallow instead of concentrate added
to make it isocaloric to ration 1, The effects of ambient temperature
and humidity on certain physlological responses were also studied.

The experiment was carried out In an insulated chamber equipped
with facilities to regulate and record automatically ambient temperature
and r.h. During the conduct of the high temperature trial, the experi-
mental chamber simulated a hot day in which the temperature was
approximately 10°C higher than normal at the peak hour with a rather
sharp rise from 7 a.m. and a gradual fall during the night.

High ambient temperature and humidity decreased daily feed intake
(P {.01) and increased daily water intake (P ( .0l) and urine volume (P{.05).
Respiration rate, frequency of heart beat (P {.0l) and rectal temperature
(P {.05) were all increased. Intrathoracic and subcutaneous temperatures
also tended to be higher. The digestibility of all nutrients, including
energy, decreased when the roughage level of the ration increased from 25
to 50%. Increasing the roughage level of the ration from 50 to 75%

46



47

decreased significantly (P { .05) the digestibility of crude protein

and ether extract but did not affect the digestibility of dry matter,
crude fiber, NFE and energy. Replacing the concentrate in a 75%
roughage ration with 67 tallow improved the digestibility of crude
protein and ether extract. A 10°C increase in ambient temperature
accompanied by an increase in r.h. significantly lowered the digest-
ibility of crude protein, ether extract and energy but resulted in

no significant effect on the digestibility of dry matter, crude fiber
and NFE. High temperature lowered (P {.01) M.E. and the depressing
effect of high temperature on M.E. was most pronounced in the ration
with 75% roughage. There was a significant improvement (P { .01l) in

the availability of M.E, with the addition of fat to the ration.
Neither composition nor ambient temperature resulted in any significant
change in nitrogen utilization. High temperature increased respiration
rate, heart beat (P (.0l) and rectal temperature (P ( .05). The effect
of high temperature was more pronounced at the 75% roughage level
{(with or without fat) than at the lower roughage levels.

The results of the present study indicate that as roughage
level increases digestibility decreases. Exposure of sheep to heat
stress (Temp. 32°C, r.h. 88%) is likely to adversely affect the
digestibility of crude protein, ether extract and energy but may cause
little change in the digestibility of other nutrients. Conclusion also
could be drawn from the results that high ambient temperature and high
fiber level in the ration lower energy utilization of the ration but
have no such effect on nitrogen utilization. The data indicate that
the ability of sheep to withstand heat stress is influenced by the

level of roughage in the ration.
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While formulating production rations for sheep in hot humid
regions, roughage level must be taken into consideration. Indeavor
should be made to minimize the fiber content of these rations keeping
the economics involved in view. The effects of feeding high fiber
rations to sheep maintained under high ambient temperature with
different levelgs of r.h, need to be further studied. The advantages
of incorporating fat into high roughage rations for sheep in hot
humid climates need to be further investigated with the aim of

establishing the optimum level of fat,
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Table 8. Composition of trace mineral mixture.

Item

Percentage in the mixture

Calcium carbonate (407 Ca)
Copper oxide (74% Cu)
Iodine premix (707 I)
Manganous oxide (62% Mn)
Zinc Oxide (80% Zn)

Cobalt carbonate (46% Co)

Ferrous carbonate (427 Fe)

87.44
1.08
2.05
3.17
3.84
0.04

2,38




Appendix B

Table 9. Ambient temperature and relative humidity during
the trials,
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Trial Temperature (°C) Relative humidity (%)
Average Average Average Average
minimum maximum minimum maximum

1 16.8 19.6 49 74

2 21.5 32.0 55 88

3 20.0 23,2 50 75
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Appendix C
Table 10. Summary of analysis of variance for daily feed
intake.
Source d.f. Average daily feed intake
MSS

Treatment 3 2.36
Trial 2 11.68%
Treatment x trial 6 0.92
Residual 12 1.28
Total 23

* Significant (P

.01)

Table 11, Summary of analysis of variance for daily water
intake.
Source d.f, Average daily water intake
MSS
Treatment 3 0.61
Trial 2 2.37%
Treatment x trial ) 0.11
Residual 12 0.22
Total 23

* Significant (P

01)



Table 12. Summary of analysis

of variance for daily urine
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output,

Source d.f. Average daily urine output
MSS

Treatment 3 0.178

Trial 2 0.251%

Treatment x trial 6 0.005

Residual 12 0,051

Total 23

* Significant (P .,05).
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Appendix D
Table 13. Summary of analysis of variance for digestion
coefficients.
Apparent Digestibilities

Source d.f. Dry Crude Ether Crude NFF Energy

matter protein  extract fiber

MSS MSS MSS MSS MSS MSS
Treatment 3 4081,10%% 146.30%% 1986.25%% 151,26%% 500.29%% 343,83%%
Trial 2 26.47 42,80% 709.94%% 13,68 36.59 73.87%
Treatment .

X 6 15.23 11.56 158.1 10.89 19.71 34.83

trial
Residual 12 7.25 9.34 29.21 13.07 16.32 11.49
Total 23

% Significant (P 0.01)

* Significant (P 0.05)
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Appendix E

Table 14. Summary of analysis of variance for metabolizable

energy.

Source d.f. Metabolizable energy (Kcal/kg ration)
MSS

Treatment 3 740992%%

Trial 2 1911024

Treatment x trial 6 58187%*

Residual 12 11128

Total 23

** Significant (P .01)

Table 15. Summary of analysis of variance for respiration rate,
heart beat and rectal temperature.

Source d.f. Respiration Heart beat Rectal temperature
MSS MSS MSS

Treatment 3 121%% 336%* 0.103%*

Trial 2 11526%* 386** 0.110%

Treatment x

trial 6 2,01 4.66 0.100

Residual 12 8.2 28.9 0.019

Total 23

k% Significant (P .01)

¥ Significant (P .05)
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