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CHANGES in respiration rate (RR), pulse rate (PR) and rectal
temperature (RT) were observed in three local and three
foreign breeds of rams during exposure to heat and solar radia-
tiom and deprivation of feed and water. Exposure for 4 hr
caused a sipnificant increase in RR and a non-significant in-
crease in RT above the pre-exposure levels in all breeds. PR
was not significantly affected during exposure indicating lack
of increases in heat production, Foreign bhreeds showed sigmifi-
cantly higher overall means of BR and RT indicating a higher
heat load in these animals. Part of this could be due to their
higher metabolic rates as surgested by their higher averages
in PR than those in the local breeds.

Fromn these measurements heat tolerance indices were
calewlated and resulis showed that foreigm breeds were less
adapted to heat than the local breeds. Within foreign breeds,
Rhoad’s co-efficient agreed with the pasi record of reproduc-
tive performance under desért condiiions and showed that Ie-
de-France was the most adapted, while Finnish was the least
adapted to heat. Within local breeds Rahmani showed the
highest heat tolerance followed by Ossimi then by Barky.

‘Signiticant differences between breeds were also observed

‘in serum Ca/IF ratio and enzyme alkzaline phosphatase, Levels

of the enzyme were higher in the larger breeds and lower in
the small size breeds, but serum levels in Ile-de-France and
Suftollc were much higher than the reported averages for
sheep. It is possible that changes in the levels of alkaline

. phosphatase in these foreign breeds of sheep are adaptive me-

chanisms to the new environment involving complex interac-
tions between rates of Ca, P, parathyroid hormone and vitamin
I metabolism which can vary according to differences In
growth rates and in the adaptability of these animals.
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The adaptability of sheep to desert conditions is of great impor-
tance to animal breeders in many areas of the world, In Egypt,
Barky sheep are of major economic value to the Beduins of the
Sahara. In addition, various breeds of sheep of European origin
have been imported to Egypt for the purpose of crossing with
iocal breeds to improve their productive performance. Thus, these
foreign breeds or their crosses should be relatively heat tolerant
if they are to thrive in the newly reclaimed land of desert areas.
Heat tolerance, or the ability of animals to withstand thermal
stress by maintaining a balance between heat production and heat
loss, has been measured by changes in rectal temperature (RT) and
respiration rate (RR) (Bianea, 1963).

Thus the objectives of the present study were :

a. To estimate the heat tolerance indices of three foreign
and three local breeds of sheep as measured by changes
in their RT and RR after exposure to heat and solar radia-
tion during deprivation of feed and water.

b. To evaluate the possible mechanisms underlying the degree
of adaptability of these animals to heat stress, in terms
of measurements of some biochemically important blood
constituents.

Material and Methods

Animals, feed and management

The present studies were carried out on several local and for-
eign breeds of rams. The local breeds were 5 Barky (B), 6 Rahmani
(R) and 6 Ossimi (O), with mean values of body weights of 62.1 =
5.8, 64.8 = 24 and 65.9 + 4.2 kg for B, R and O, respectively.
Their ages were between 2-3 years. The foreign breeds were 4
Finnish (F), 6 Tle-de-France (Ile D) and 4 Suffolk (S), with mean
values of body weights of 52.9 + 2.8, 741 + 3.5 and 76.1 + 1.8
kg for F, Ild D and §, respectively. The foreign breeds were im-
ported from Spain at the age of about 8 months, and their ages
at the time of experiment were about 2 § years.

The animals were maintained at El-Azema Animal Production
Experimental Station, located in the North Sector of Tahrir Pro-
vince on the North Western Coast of Egypt. Before conducting
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these experiments, all animals were kept outdoors under open
sheds day and night. They were fed on hay and concentrates ac-
cording to their body weight requirements (Morrison, 1959). Water
was provided ad libitum twice daily during the pre-experimental
period,

Effects of heat, accompanied with solar radiation and thirst, on
rectal temperature and cardiorespiratory activities

The present experiments were designed to measure some phy-
siological responses of sheep to hot arid environments. Some of
these physiological responses were respiration rate (RR), pulse
rate (PR) and rectal temperature (RT). RR was measured by count-
ing flank movements, PR was measured by a clinical stethoscope
and RT by a clinical thermometer.

All these parameters were recorded under shed just before
the exposure of animals to direct sunlight. This was followed by
immediate exposure and measurements of these parameters at 2
hourly intervals. The micro-meteorological data were also recorded
at these intervals. These studies were carried out during the sum-
mer, and the animals were deprived of food and water during the
time of exposure.

Bigchemical studies

Blood samples were collected from the jugular vein immediate-
ly before exposure, while the animals were under shed. Serum of
each sample was analysed for several biochemical parameters. To-
tal proteins were determined by the Biuret method as described by
Armstrong and Carr (1964). Albumin (A) was measured as a re-
sult of the reaction with bromocreosol green at pH 4.2 (Doumas
et al., 1971). Globulin (G) was estimated by the difference between
serum total proteins and serum albumin, then the A/G ratio was
obtained. The levels of serum inorganic phosphorus (IP) were meas-
ured by the method of Fiske and Subbarow as described by Arm-
strong and Carr (1964). Serum Ca was determined by the method
of Gindler and King (1972). The Ca/IP ratio was then obtained.

Enzyme alkaline phosphatase was measured by a colorimetric
method originated by Kind and King and described by Belfield and
Goldberg (1971).
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Results and Discussion

Rectal temperature and cardiorespiratory activities

The mean values = S.E. of RR, PR and RT for all the 6 breeds,
at the different intervals of exposure, are presented in Table 1.
Analysis of variance showed that there were significant differences
between breeds in the mean values of each of these parameters.
There were also significant differences in the mean values of RR and
RT at the different intervals of exposure. The interactions be-
tween breeds and intervals were non-significant for all parameters,
indicating that all breeds behaved similarly to solar radiation at
these intervals with regard to changes in RR, PR and RT (Table
1). Differences in these parameters will be discussed first accord-
ing to intervals then according to breeds.

Intervals

With regard to RR, the overall mean for all breeds before ex-
posure was 54.4 rpm. At 2 and 4 hr post-exposure, the means
were 118.6 and 84.3 rpm., respectively. Duncan’s Multiple Range
Test (DMRT) showed that there were significant differences (P <
05) in RR (s) between all intervals, with maximum activity oc-
curring at 2 hr post-exposure. The activity decreased at 4 hr, but
continued to be higher than that at the pre-exposure level. This
was congistent in all breeds (Table 1).

The overall means of RT were 39.55, 39.93 and 39.72° at pre-
exposure, 2 and 4 hr post-exposure, respectively. DMT showed a
significant increase (P < .05) above the pre-exposure level occur-
ring at 2 hr post-exposure. At 4 hr, RT was not significantly dif-
ferent from that at pre-exposure (Table 1).

PR showed somewhat inconsistent trend upon exposure to
heat and solar radiation. While at 2 hr of exposure it increased
in O, R and Ile D, it decreased in other breeds. Analysis of variance,
however, showed that these changes were not significant (Table
1).

Egypt. J. Anim. Prod. 21, No. 2 (1881)



RELATIVE ADAPTABILITY OF SHEEP BREEDS 113

TABLE 1, Effect of heat sccosranied with solar radiation end trarst on recead
tempernture and CArdiorespiratory activities of snme nea) amd foraien
breeds of rass.

Hours of Respiration Mulze Rectal
Srecd Exnosure Rate Rate Temperature
Barky delore L TR 73.3 + b2 39.2 + 0.1
i hry .3 ¥ 12,0 o RSt 39.6 ¥ 0.2
L nre. 79.7 7 6.4 .27 3.6 9.4 01
Cacimg Before 5.7 + 2.4 66.7 s 2.5 39.2 + 0.1
Zhrs 29.9 3 20,1 Bl 748 39.5 ¥ 0.06
L hre LB ¢ b6 7754 3.0 .34 00
Raluzany oclors 33.8 » 1.7 .9 e 1.6 19.1 + 0.1
Z hry. 398 7 g, 7.7 % 2.6 39.2 3 0.2
b nrg, A .0 LB T 3.9 39.3 1 04
Flnnish Befors 1 82,5 4 6.7 L0.6 » 0,2
2 nr 1.5 3 3.9 41.0 ¥ 0.2
L nr 1Rt v 2.2 Lo.7 ¥ pa)
Ile~de-France Belore .29 1.4 19.7 » 0.2
< hr whib 4 2.9 ho,2 + 0.2
u nrl, Bie v 2.1 39.9 % 0.1
Suffolix Before 76.3 + 6.3 88.2 4 210 39.9 + 9.1
2 nry. 137.0 2 13.6 Bz2.5 T 3.6 L0.6 ¥ 0.1
bonek. 0.0 T 6.9 7.0 5 9.8 k0.2 7 0.1
Hean Yreeds,
Bayay 70.9 73.7 39.u6
Cuplind 60.5 6.2 19.32
Kukmand 57.0 61.8 39.25
Finnish 117.6 89,0 Lo.75
1le-de-Franee 1201 7,2 39,90
Jul'fely 195.8 .2 Lo,
ikan Intervals)
Sefore exnosure St 5.0 39.55
2 hrs. expvosurc 115.6 78.17 315.93
b hrs. expesure 6. : oz 39.72
Analysty of Variance:
Belween browds (B) F< .00} P .iry F< 001
Botween Intervals (1) Fe .01 s P<.001
Bx1l ns LE] us

Climatological Data Ta Tu

h RH
(Arbrent Tempurature 9¢) (Black body (Relative hunidity ¢

temneratiire O
Bcture eaposure Wwed c6.7 15.8
s, expoaurs 7. 1.1 35.
4 hre. exposure j2.0 i1.8 L7.0
Meun 32, 5.0 E;.Q

Breeds

With regard to RR, there were some breed differences in the
rate of response to solar radiation. O and R showed the highest
percentage increase in RR after a 2 hr exposure period, while S
and Ile D showed the lowest response. But these differences were
not significant since the interaction between breeds and intervals
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was not significant (Table 1). The overall means of RR in the for-
eign breeds were 120.1, 117.7 and 105.8 rpm for Ile D, F and S,
respectively. DMRT indiecated that these values were not statistic-
ally different. The loeal breeds also showed no significant dif-
ferences in the mean value of their RR. The values were 70.9 for
B, 60.5 for O and 57.0 for R. On the other hand, the overall mean
of RR for any foreign breed wassignificantly higher (P < .05)
than that for any local breed. (Table 1),

DMRT also showed that there were significant differences (P
< .05) between all the foreign breeds in their overall means of RT.
The values were highest in the I' (40.75%), followed by the S (40.22°)
then by Ile D (39.90°). In addition, the mean value of RT in any of
these foreign breeds was significantly higher than that in any
local breed. On the other hand, there were no significant differences
in RT between all the local breeds. (Table 1).

With regard to PR, DMRT indicated that there were no signi-
ficant differences between the overall means for any of the foreign
breeds. However, the mean value of PR for any foreign breed or
for the O was significantly higher than that for the R (Table 1).

In conclusion, the above results indicate that exposure to solar
radiation for 2 hr resulted in significant increases in RR and RT
in all breeds. But by increasing the time of exposure to 4 hr, both
parameters declined reaching levels in which there was a signifi-
cant inecrease in RR and a non-significant increase in RT above
the pre-exposure levels (Table 1). The increase in-RR under these
conditions enabled the animals to dissipate heat in amounts roughly
equivalent to the latent heat of vaporization of moisture in the
respired air ,and was sufficient to prevent a significant rise in RT.
This increase in RR is also known to increase heat production (Ka-
mal, 1965). But the animals did not show significant changes in
PR during exposure, indicating lack of increases in heat production
(Kibler and Brody, 1949; Yousef and Johnson, 1966), and suggest-
ing that the metabolic rates in these animals could not be stimulat-
ed during the excessive respiratory activity. This increased RR
accompanied by a reduced metabolic rate decreases the animal's
thermal load and is a typical adaptive mechanism to help the ani-
mal tolerate heat and solar radiation.
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Foreign breeds:showed significantly higher overall means of
RR and RT (Table 1) indieating a higher heat load in these ani-
mals. Part of this could be due to their higher metabolic rates
as suggested by their hwhel averages in PR than those in the
local breeds (Table 1). Within for eign breeds, Ile D had the low-
est RT and PR but was highest in RR. S was highest in PR and
¥ wag highest in RT. Within local breeds, R showed the lowest
values of all three paramecters and seems to be the most ada.nted
followed by O then by B.

To measure the physiological adaptability to heat stress in
these breeds, a numerical value or index is required. Two indices
were developed to measure “heat tolerance” in farm animals
Rhoad’s co-efficient and Benezra's index (Bianca, 1963). The for-
mulas used for calculation of heat tolerance are :

1) Rhoad's co-efficient = 100 — (18 (RT-38.3)).
2) Benezra’s index = RT/38.3 + RR/23.

By applying these formulas, the indices of heat tolerance for
the 6 breeds were calculated and presented in Table 2. Results
showed that the foreign breeds are less adapted to heat than the
local breeds. The degree of their heat tolerance compared to the
local breeds were 79.0 and 62.1% using Rhoad’s co-efficient and
Benezra's index, respectively. Within the foreign breeds, Rhoad’s
co-efficient showed that lle D was the most adapted, and F was
the least adapted to heat. However, by anplying Benezra's index
Ile D together with the F were the least tolerant. This is beeause
both breeds showed high levels of RR which was Jincluded in the
caleulation of Benezra's index, while in Rhoad’s co-efficient only
RT was used. Bianca (1963) found that the final RT during heat
exposure is the base index for evaluation of heat tolerance for
individual calves : the animals with their final RT showed better
records of weight gains and protective performance. Also, re-
productive performance was evaluated for the three foreign breeds
of rams that were used in the present study; and results indi-
cate that during the last two years under desert conditions the
fertility rates and women quality were best in Tle D, while fer-
tility rates were lowest in the F (unpublished observations). These
data are in favour of using Rhoad's co-efficient for the estima-
tion of heat tolerance in these animals. However, additional work
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is required to substantiate this conclusion, and would require
measurements of some other parameters such as hormones, en-
zymes and blood constituents.

TABLE 2 . Heat tolerance indices for some local and foreign breeds of roms.

Overall Overall
mean RT mean RR Rhoad's Benezra's
Breed {oc) (rpm) co-efficient index
Barky 30.46 70.89 78,1 k.1
Rahmani 39.25 57.00 82.9 3.5
Ossimi 39.32 60.50 81.6 3.7
Mean of lecal breeds B1.2 3.77
Finnish 40,75 117.67 55.9 6.2
Ile-desFrance 39.90 120.11 T1.2 6.3
suffolk ho.22 165.75 65.4 5.7
Mean of foreign breeds Bl 6.07

Within the local breeds, R showed the highest heat tolerance
followed by O then by B, regardless of the index used (Table 2).
B sheep, however, predominate in the Sahara desert (North-west-
ern coast of Egypt and Libya) because of its smaller size that
would allow the animal to adapt to conditions of scarce food, and
to be able to travel long distances looking for widespread pas-
tures and water sources.

Biochemical studies

The mean values and the corresponding standard errors for
the estimated blood constituents are presented in Table 3. Analy-
gis of variance revealed significant differences (P < .01) between
breeds in serum Ca/IP ratio and alkaline phosphatase. With re-
gard to alkaline phosphatase, DMRT showed that the mean value
for Tle D was significantly higher (P < .05) than for any other
breed. Also alkaline phosphatase in S was significantly higher
than in F. DMRT also showed that Ca/IP ratio was significantly
lower in B than in any other local or foreign breed. Other breed
differences in alkaline phosphatase or in Ca/IP ratio were non-
significant.
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TABLE 3, Some biochemical parameterr ‘in bleod of local ani foreiyn breeds ef rams

Total alxaline

Proteins Albumin (A} alobulin (G) &/ 1e ca/Ie “hasohatase
Breeds ko (gp/20oa)  (gh/10oml)  (ed/l00ml)  Racls .ﬂ~.r.._,un.,: fatie ind & Ens b
Barxi 5 747008 .39 0.2 Li3b+026 0,70 #0.06 5005070 13,46+ 0,82 3.60+0.09 1070+ 1,16
Ossimi 6 7.2820.24 3.2L £ 0.0B Lo 0,24 2B 4 0.05 1.0k £ 061 10,20 4 0.77 299 1 0.00 15.82 + 1.7
Rahnani £ 599 20,69 2,06 £ 0,06 5.80 40,66 0,55 +C.16 10,62 £ 0.62 6,60 £ 0,39 1.21 1 0,06 1h.9h s 1,51
Finnish L R12:0M1 3.2020,22 U914 0.33 0662006 3850052 7.95+0.80 L2007 €10+ 132
Ile-desFrance &  7.80 #0.32 3.14 » 0.16 4,67 + 0,36 0.67 + 0.07 9,91 » 0,42 10,26 + 1.60 0.96 + 0.0k 32.15 + b.LY
Suffolk s 8,15 £0.29 3.06 9 0.07 5.1520.2h 0.59 £0.02 9,62 £0.35 B.05 ¢ Lbb 1,20, 0.22 20.5] ¢+ 5.2
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The physiological functions of enzyme alkaline phosphatase
remains unknown (Moss and Butterworth, 1974), but high serum
levels of the enzyme are found in all cases of disturbed hone me-
tabolism, hyperparathyroidism as well as liver and biliary dys-
function. The present data indicate, however, that the increased
levels of alkaline phosphatase in Ile D and 8 were not due to
hyperparathyroidism since Ca/IP ratio in these breeds were not
significantly different from that in the F (Table 3), a hreed which
showed the lowest levels of this enzyme. In addition, the inereased
levels of the enzyme in Tle D and S do not reflect disturbances
in bone metabolism or liver function in these breeds since they
showed higher heat tolerance indices (Takle 2) as well as hetter
record of reproductive performance than F.

It is interesting to note that in the present study, the levels
of serum alkaline phosphatase in these foreign and local breeds
differ according to their body weights. The breeds with the small-
est body weights (F and B) showed the lowest levels of alkaline
phosphatase, those with the largest body weights (Tle D and S)
showed the highest levels of the enzyme, while R and O were
halfway between these two groups of animals in both parameters
(Table 3). Thus, it is possible to speculate that differences in
serum alkaline phosphate in these breeds of sheep could reflect the
differences in their growth rates. This is supported by the fact
that the enzyme levels are usually higher in the young, fast grow-
ing animals than in the adult, mature animals (Kelly, 1974). How-
ever, the serum levels of the enzyme in Ile D and S (Table 3) were
much higher than the reported averages for sheep (Farahat, 1075,
Nevertheless, it is possible that changes in the levels of alkaline
phosphatase in these foreign breeds of sheep are adaptive me-
chanisms to the new cnvironment involving complex interactions
between rates of Ca, P, parathyroid hormone and vitamin D me-
tabolism which can vary according to differences in growth rates
and in the adaptability of these animals.
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