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COMPARATIVE STUDY OF SKIN STRUCTURE

I N EGYPTIAN AND IMPORTED CATTLE BREEDS

AND THEIR CROSSES IN RELATION TO HEAT
TOLERANCE

By
M. M. 8asvim (") anp A, M. EL-Taymigsy (%)

The structure, distribution, and dimensions of skin strate and sweat
glands have been investigated in &2 anima's sgeing one and two years:
old. These apimale represented, native eattle, Friosian, Shorthorn
“and Hereford, their croases and grades with Native cattle. Serial
vertical and hroizontal sections were made using paraffin wax methad.
The following resulte were obtained:

The Friesian breed was superior to the Shorthorn and Werford:
ones even in many caaes to the Native cattle. It possessed the most
desirable and beneficie; skin charneters invelved in adaptability to
bot eclimate. It showed the lesst values in cornium and epidermis.
thickness 7 and 18 micron at one year old, and 7 and I3 mieron in 2*
years old animals, reapectively,

On the other hand, Friesianz showed the greatest number of sweat
glande per em? of ekin, 4270 and 2893 at one and two years of age..
The measurements of the gland were alse greater than in the other
breeds, 260 mioron, 360 micron 0.080 mm2 apd 360 mieron, 549
micron ; and 0.143/mm? for cireumference fength and surface of single
gland in young and old animels, This lead to a great surface of swea.
ting tiseue per cm® of skin 3.75 om® at the bwo ages respectivaly.

The Shorthorn breed showed opposite resulta fo thoad of Frissiana,.
It possessed the thickest cornium, opidermis, 8 and 26u and 9 and 25u.
at one and two years old, respectively, The Shorthorn showed the
smallest aweating surface per gland 0.08% mm. and 6.095 mm. and-
per em? of skin 2.26 om? and 2.2 em? at one and two years of age,.
respectively, :

The Hereford group showed values oloss to those of Shorthorn. It.
was characterised by fine woolly unmedullated hair and a atrong:
pilimuscle, the chasaocters responrible for the heat preservation against
eold conditiona. )

Grading Native cattle with Friesians and Shorthorns cauted an in.
crease iv the values, for most of the characters in the 3 blood animals.
than the puce parent followed by a decrease in the  Friesian blood and.
in the higher grades in Shorthorn.  The cress of Hereford with Native
oattle sho wed values closer to the Native parentsin ease of the thickness.
of skin strata. The number of sweat glands decreased in this cross
than in netive cattle while the length of the single gland increased..

The reaction of temperate zone cattle breeds to the specific elimatic conditions.
in the tropical and stubtzopical countries has been a field of extensive studies
in the lagt three decades. Many authors reported that the eeonomic character-
Istics of the temperate zones breeds deteriorate when they are imported in the
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tropics, as ths animals failed to show their comparatively high ocapacity of
production and reprodugtion, The diffsrent environmental factors of the new
habitas play the major part in this respect ; climatic factors, especially temper-
-abure, are the mosh effective. However the different temperate zone hreeds
vary in their adaptability to the new environmental conditions of the tzopica
and sub-tropics, ascording to their capasity of heat tolerance, A great part of
this capasity is imposed on the skin which is the intermediate organ between
the animal’s body and the environmental conditions. The skin micronatomi-
cal strucbure has a significant value in this respect.

The skin thickness and depth or thickness of its strata vary with age,
88X, 4pacies, breed and body region as represented by different authors Yamane
-and Ono (1936) ; Badreldin and Ghany (1952) ; Hafez o al., (1955); Dowling,
(1955) and Nay and Hayman (1956).

The blood vessels arising from the subsutaneous trunks give off twigs
that supply the capillary nets of the fat deposits and sweat glands. Then
they contribute branches to the capillary networks of the sobaceous glands
and the arreztors pilorum and texminate finally in the subepidermal capiliary
nete, From these arise the radicals of the veins, which lie alongside the arter-
tes and recieve venous branches from the other two capillary areasin the
skin : the superficial subepidermal, the intermadiate one of the glands, and
the deeper one of the fat deposits. The connective tissue between the glanda
lacks capillaries (Trautomann & Fiebiger, 1957). Capillaries or fine arterioles
running from the sub-sebaceous gland level almost vertically to the sub-
epidermal level supply the sebaceous gland through fine branches. (Findlay &
Yang, 1958; and Goodall & Yang, 1954).

Goodell and Yang (1934) observed three plexuses of blood vessels in the
skin of Ayrshire calves and embroys., The first lies bleow the corium, the
second at a level between that of the seweat glands and the sebaceous glands
and the third extends from beneath the epidermis to above the second plexus
and forms a dense network of many fine blood vessels. The second plexug is
connected with the first by few large vessels, snd consists of a eoarse netrowk
-of arteries and veins running horizontally and encircling groups of several hair
follicles, From these vessels branches go vertically downwards to supply the
hair follicles snd the sweat glands, '"The thrid plexus iz formed of horizontal
fine veasels, which originate from vertical arbterial and venous branches giving
-off the horizontal branches at different levels, so that the plexus extends over
a considerable depth beneath the epidermis and above the second plexas,
The three plexuses of blood vessels were observed in Egyptian cattle and buffal-
ocs at the same levels of that in Ayrshize, Shafie (1958), Hafez et al (1955)
found that the sebaceous glands of buffaloes are more haghly supplied with
blood capillaries than that of cattle.

Sweat Flands:

The structure of sweat glands in bovines is reported for many of the tempe-
rate and tropical cattle breeds by Yamane and Ono (1936), Findlay and Yang
(1950), Findlay (1953), Hafez et 4! (1955), Dowling (1956) and Nay and Hayman,
{1958). This assembly of the glands and hair follicle designated as the hair
unit was found also in buffaloes (Hafez ef al, 1955). :
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The different bovines vary in the shape and velumne of their sweat gland,
The temperate zone breeds possess mostly tubular more or less coiled type of
varying length with fairly constant small diameter asin Ayrshires (Findlay and
Yang, 1948), and Shorthorns {Nay, 1959). On the other hand, most of the
tropical breeds have a baggy type of sweat glands of varying lengih, and in
gome oases slightly coiled with wide diameter asin Formesa cattle (Yamana
and Ono, 1936),. Egyptian cattle (Hafez and Shafie, 1954}, and Sindhi and
Sahiwal (Nay, 1959). The Zebu X Shorthorn corssbred animals, and Santa.
Gertrudis, acquire a club-shaped, intermediate type with a wider baggy lower
end and a narrower more or Jess coiled upper and (Nay, 1959). The body
of the sweat gland in buffaloes is oval and convoluted, and the duet is twisted
at ite attachment to fhe body Hafez et al., (1955b).

The inner seeretory layer of the sweat gland in cattle consists of flat poly-
hedral cells, and the outer layer of myoepithelial cells which form a net of
myofibrils enveloping the gland (Nay, 1959). In buffaloes the glandular wall
ig composed of two structures, sn outer myoepithelium and an inner layer of
glandular epithelium (Hafex and Bhafie, 1954). The myoepithelial cells of
the sweat glan ds of Zebu cattle were proved to be essentially similar in strue-
ture and arrangement to thosefound in the sweat glands of Ayrshire cattle,
Therefore that it is unkikely that ahy difference in funetion between the sweat
glands of both tropieal and noniropical breeds of cattle, can be sacribed to
s difference in the myoepithelial cell layer of the plends, In both breeds the
mayofibrils extended to the entire length of the iyoepithelial cells and the
longitndinal axes of the cells were parallel to the longitudinal axes of the glands
(Goodall & Yang, 1961).

Kelley (1932) mentioned differences between Zebu and Zebu X Friesian
crosshreds in the number of sweat glands per unit area of skin with Zebu
having the greatest number. Yamane and Ono (1936) compared numbers
of sweat glands per unit area on each of 21 body regions in Zebu cattle, Fries-
ian, and Formosa buffaloes, The Zebu had the greatest number of glands
while the Friesians had the leagt, which agrees with Nay and Hayman (1956).
Burcev (1937) clamied that the number of sweat glands per unit area of ear
skin did not depend on either age or sex in Red German cattle, Hafez e al,,
(1955} stated that there are age differences in the density of sweat glands in
buffaloes, calves having & greater nuruber of sweat glands than adults, Tabls
TI represents the number of sweat glands per 8q. Cm, of skin as reported by
different suthors for bovine breeda. . .

Both volume and activity of swest glands are associated with each other.
The remarkably great sweating rate of the crossbreds appears to have enabled
them to maintain a lower body temperature under stress than pure Jerseys,
and to achieve more rapid return to the normal temperature after exposure to
heat stress (Fayman and Nay, 1958).

Findlay and Yang (1950} stated that there was a signifieant negative correl-
ation between the number of sweat glands and the area of secretory surface of
gingle sweat gland in Ayrshire cattle 3-4 vears old. They stated too that the
ventral region of the neck, the axilla and upper hindleg had the largest area.

TAR. J. Anim. Prod., 10, No. 1 (1970).



18 M. M. SEIARIR & A, M. EL-TANNIKHY

of sseretory surfase per 3q. Cm, of skin. Egyptian ca‘tle have & greater
-ared of secretory surface per 8. Om. of skin than byfialoes (Hafez ef al,
1955). .

Yamane and Ong (1936) stated that the Formosa buffaloes posess
-apocrine sweat glands. Also Hafez ez al (1955) came to the same conelugion
in Egyptian Buffaloes, They also zapresented the successive stages of apocr-
in geeretion. Thig type of secretion was also reported in the temeprate zuneg
‘oattle breeds, Ayrshire, by Findlay and Yang (1948). The rate of secretion
by this aporcine process is slow and the sweat is viscoug with low water content,
resulting in Jesg effiviency in regulating the body vemperature through water
vaporization {rom akin surface. The tropical cattle breeds are more efficient
in this Tespect singe they Passess merocrine glands, as stated m Formoss ogttle
by Yamane and Ono (1936). The Egyptian cattle possess both merooring
apocrine glands with abundance of the fromer type (Hafez o al, 1955). The
naeToctine secretion type gives more watery sweat and at g higher rate than the
-BROCLing process.

The blood supply of sweat gland in buffaloe ig very poor (Hafez and
Shafie, 1954), The sweat glands m gkin of Agyrshire ealves and enbryos have
a poor blood supply as sompared qith the heir folicles. It is known that the
human ecerine sweat glands have a rich Blood supply (Mazimow and Bloom,
1948). If blood supply i regarded ag an index of the gland activity, then

1957). * Muto (1935) claimod pharmacologically that the glands were suppl-
ied with parasympathetic nerve fibres,

The aim of this work was to study the microanatormy of the skin ‘with
apecial extensive study of the sweat glands. in different types of temperate
zone breeds in comparison with the Egyptian Native cattle, The effect of
orossing and grading with these breed was also studied.

Material and Mothods

This work was carried out in the Animal Breeding Dept. Faculty of
Agrienlture, Cairo University, U.AR. The study comprised 52 animals
againg 12 year old. Breeds included were: Native cattle, Friesian, Dairy
Bhorthorn, and Herford, grades of Friesian and Shorthorn, and the first orogs
of Hereford with Native eattle, The skin samples were obtained from the
Tahreer Province and the experimental farm of Faculty of Agriculture,
Caire University.,

Histologieal procedure ;

Skin biopsies of 2 em?. were ot off from the shoulder region without
‘#naesthesia, washed in saline solution and fized in Formole szline 8% for 48
hours,  Aftr washing in running water for 6 hours, the hair was clipped oys,
The sampleswere ont into gmall pecies 4 X 6 mm. the length being paralle] to
the slope of hairto proivde a correct orientation for the vartical sectiong outting,
Dehydration lasted for 24 hours in each of 709, 90%, 95% aleohol and 12
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hours in absolute alecohol (100%). Clearing was accomplished in two changes.
of Benzol, 12 hours each. Embedding in paraffin wax (m.p. = 489} was
carried out nnder a vacuum of 67 em. Hg. m & vacuum oven. The wax waa
changed every 3 hours throughout 24 hours. Vertical and horizontal serial
sections were out at & 20 u thickness by a rotary microtome. Staining was.
carried out for two minutes in a compound solution of 85 ml, 1%, agueous.
Methyl Blue solution and 45 ml. 0.25%, aqueous Kosin sohtion completed
to 100 ml. by water. The sections were permanentaly mounted in Canada.
balsam,

Measurements ;

A microprojector was used for studying the sections, Vertical gections.
were uged to measure the cornium and epidermis thickness. Ten measures
at a right angle from the skin surface were obtained in each ecase,

Horizontal sections directly wunder the epidermis, the sub-epidermal
stratum, were uged for counting the bair follicles per cm?, of skin which denot-
es the number of sweat glands in this arwa due 50 the association hetween hoth
structures in the hair follicle unit, 10 fields counts were used to obtain the mesn
value of density in each ecase.

The mean circumference of the sweat glands was obtained from 25
measurements of different glands at their atmost wide part, the center of
the gland, in horizontal sections by means of curyimenber in the projector,
The mean length of the glands was considered to be half the mean value of
the longitudinal lining of 95 glands in the vertical secfiong, in order to aecure
the central longitudinal axis, the measure was restricted only to those sectiong
of the glands passing through the gland duet, By this method (Findiay,
Yang 1948 and Hafez ef al 1955), the gland was considered as oylinder its
surface equals the horizontal cireumference lultiplied by the length (in thiy
case 3 the longitudinal lining), The total sweating surface per cm.? of skin
equals the mean surface of the gland maltipiled by the mean density of the
glands per em.? of the gkin.

Results
Cornium :

Ab one year of age, Native cattle and Friesians showed the same corninm
thickness, while Shorthorn had the thickest, and Hereford the thinnest cornium,
The advancement of age induced an increase in cornium thickness to a great
extent in Native eattle and moderate valuein, Shorthorns and Herefords, whila
it had o effect in Friesians. Crossing with Friesian increased the thickness
in the & Friesian and decreased it in the 3/4 Friesian, Shorthorn grades show-
ed a thin cornium in case of the % Shorthorn cross, while the higher grades
Possessed a thick cornium equal to the pure Shorthorms. The & Hereford
cross had & thicker cornium than the pure Herefords (Fig. 1.).

U.AR. J. Anim. Prod., 10, No, 1 {1970).
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Bpidermis :

There were clsar breed differences in the thickness of epidermis. Epider-
mis thickness in Native cattle was 57 micron which was double that of Shorth.
orn and thres folds that of both Friesians and Herefords breeds, The age effoct
was very greal in the ease of Native cattle when the edpidermis thickness
was reduced to its half value, the reduction was lessin Freisian, very glight in
Shorthorns while the Harefords showed slight increase. Crossing induced
Alight increase in epidermis thickness over the values of pure Friesian and
Hereford and a decrease in case of Shorthorn grades (Fig. 1).

The Pili Muscle:

Native cattle had fine and amooth pili muscle. Friesians and Shorthornt
had more developed thiek pili muscle. The Herefords had strong muscles which
branch to two or three branches, interweaving with the fiber bundles of the
dermis (Plate 1),

Blood Vessels -

The main blood vessels of the akin paseed in the dermia at ite deap layer,
giving branches ascendivg upwords. The connective tissue between the hair
follicles and glands lacked capiilaries. At the sweat gland level, the arteries,
branched giving rise to small arterial branches and arterioles, the branch-
ing was most apundant in Friesians (Plate 2). In the subsebaceous gland
level a plexus of blood vessels gave few capillaries supplying the sebaceous
glands 1 all breeds, However, it was less conspicuous in the Hereford,
Each hair follicle was encircled by a lobe of caplllariea in the sub-epidermal
level. Friesians showed much blood supply in this level than the other breeds,

Sweat Qlands
1. Siructure and Chargeteristica ;

The sweab glands were elongated and rarely convoluted in all breeds
except the Shorthorn which had some convoluted glands. The duct of the
gland penetrated the pili muscle at its base and it then passed between tke
sebaceous gland lobes. All breeds had sbraight duct 'of sweat gland,

2. Density:

Each hair follicle was associated with & sweat gland, go the density of the
hair follicles per em? of skin denotes the density of the density of the aweat
glands (Plate 3) which varied according o age, breed, and crossing. At one
year of age pure Friesians had the highest number, 4270, while the Shorthorn
had the lowest value, 2637, the Herefords showed & value of 3384 which is less
than Friesian but more than Native cattle, 3010, The average number at two
yearsof age decreased in all breeds. At this age the Friesians had also the highest
value followed by the Native cattle, the Shorthorns and lagtly the Herefords
‘Grading with Friesian caused a reduction in the sweat gland number in the 4
Friesian oross then an incresse in the 3/4 Friesian than the pure. This effect

VAR J. 4dnim. Prod.,, 10, No. 1 (1970).
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Fie, 1L.—Cormnium and epidermis thickness in different cattle breeds
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EGYPITAN FRIESIAN

SHORTIIORN HEREFORD

Prate 1.—Pili-musele (x90) in skin of cattle breeds.
h.f, hair follicle, p.m. pili-muscle, sb. sebaceous gland, sw. sweat
gland, sw.d. sweat gland duct.
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EGYPTIAN FRIESIAN

SHORTHORN HEREFORD

Prare 2.—Blood vessels and capillaries (X90) in_the sweat gland stratum
in gkin of cattle breeds. !
ar. artery, art. arteriole, c. blood capillary, h.f. hair follicle, sw.
sweat gland.
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SHORTHORN HEREFORD

Prare 3. -Hair follicles density (x90) in skin of cattle breeds,
hf. hair follicle, sw.d. sweat gland duct,
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of crossing was clearer in the older animals, reducing the number in the
and § Friesian, to less than in both Friesian and Native cattle parents.
Grading with the Bhorthorn gave no clear trend. Crossing with Hereford
caused clear reduction in the number off sweat glands in both one and two
years of age. (Table 1).

TABLE 1,—AvErRAGE NUMBER oF SWEAT GLANDS? rER OM?2 OF SKIN IN
DIFFERENT CATTLE BREEDZ AND CROSSES or 1 &% 2 YEARS oD,

Agojyear Breed Native cattle | Friesian | Shorthors | Hereford
pure . . . . . 30104-180! 42704-180] 2637490 | 33054-90
eross 3 . . . . — 3141472 | 2847463 | 2304145
1 eross § . ., . — 43154180 24481+ 90 -
eross & . . . . — — 2833445 —
eross . . . . . — — 34114180 —
pure . . . . . 271741441 2893463 | 2313472 | 21644-72
oross § . . . . — 1896454 | 17364124 19594 54
’ cross § . . . . — 2672472 | 41211180 —
eross £ . . . . — — 26556472 —_

3. Circumference:

The sircumfersnce of the sweat glands at one year of age was nearly the
.same in all pure breeds, while it enlarged greatly by age in both Friesians and
Herefords. Croasing with the temperate zones breeds did not affest the eircum-
ference of Friesian grades while it increased it in Shorthorn and Hereford cross-
o8 than the parents at one year of age. In 2 years old animals, the pure Fries
ian and Hereford achieved a greater ciroumference than the croases (Table 2).

-4, Length:

The length of the sweat glands varied according to age, breed, and cross-
ing. At one year of age pure Shorthorns had the longest, while Native cattle
had theshortestlength. The Herefords showed alower valuethan Friesians but
(greater than the Nattve cattle, The average length increased with age in all bre-
-edg exoept the Herefords, which decreased, but at s high rate in Friesians and

U.AR. J. Anim. Prod., 10, No. 1 (1970).
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Native cattle, and & slight increase in the Shorthorn. Crossing with the
Friesian breed induced a slight inerease in the sweat gland length in the one
year old § Friesian while it. decreased it greatly in 3/4 Friesian to come evenly
maintained in the old animals. In general, Shorthorn grades showed lower
values than pure ones, especially in the 2 years old animals. Crogging
with Hereford caused the gland length to surpass the values in both parents
(Table 2). :

B. Surface of single gland :

The surface of single sweet gland according to age, breed, and erossing,
Priesian possessed the biggest surface, followed by Shorthorns then Herefords,
while Native cattle had the least surface at one year o age, The average sur-
face at two years of age inereased in all but at a high rate in Friesians by Na-
tive cattle, then the Hereford whiles Shorthorn had the least inerease and pos-
ses sed the smallest value, The half corsses of Native Friesian, Shorthorn, and
Hereford possessed a greater gland surface than the parents except the 2
years old Friesian. As in most of the characteristics the 4 Triesian was.
greater in gland surface than the parents at one year of age while the §
Friesian had a small value even lower than the Native cattle parent ab the
two ages. The Shorthorn grades showed greater values than parents in the
first year of age, with the advancement of age it became lower than the pa-
rents due to the greater rate of increase in the gland surface in pure than in
graded animels except the 4 Shorthorn (Table 3).

TABLE 3.--BURFACE OF BINGLE SWEAT GLAND IN DIFFERENT CATTLE
BREEDS AND OROSSES OF 1 & 2 vEARS oLD (M.M.2),

Agefyear Breed Native cattlo | Friesian | Shorthora | Hereford
pure . .. .. 0.074 0.089 0.085 0.083
oross 1/2 . . .| — 0.095 0.093 0.122
1 cross 3/4 50 ¢ — 0.068 0.133 —
cross 7/8 . . . - — 0.087 —
cross 31/33 .. — — 0.083 r—
pure . . .. .1 0.103 0.143 0.09 1.118
cross 12 . . . — 0.120 0.102 0.117
2 cross 8/4 . . . — 0.098 0.089 —
croes 7/8 . . . — — 0.083 —

UAR. . Anim. Pred, 10, No. 1 {1970).
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6. Total sweating surface per cm? of skin :

Total sweating surface per cm? of skin varied according to breed,
and crossing. In young and old animals Friesians had the greatest sweating
surface per cm.- of skin which is nearly 509, more than the other breeds even
the Native cattls, while Shorthorns had the smallest surface. (Fig. 2). The
effect of age was slight in the cage of Friesiang and Shorthorns, however, it
caused an increase in the sweating surfags in Native cattle and a decrease in
Herefords (Table 4). Crossing Native cattle with temperate breeds cuased o
decrease in swoating surface in the Friesian grades, but did not affect the Here-
ford cross, while it tended to increase the gurface in the Shoerthorn grades
than in the European parent (Fig. 2).

TABLE 4.—ToraL SWEATING SURFACE PER CM® OF SEIN IN DIFFE-
RENT GATTLE BREEDS AND OROSSES OF 1 & 2 YEARS OLD {Cu.%}

Agefyoar Breed Native cattle | Friesian ~ Shorthorn Hereford
pure . . . . 2.25 3.75 2.25 2.5
crogs 12 . . . -— 2.95 2.6b 2.80
1 cross 3f4 2o —_ %.90 3.20 —
cross T/8 B —_ erm 2.45 —
cross 31/32 e — —_ 2.80 —
pure . . . . . 2.80 8.7 2.20 2.40
crosa 1{2 5n 6 — 2.30 1.80 2.30
9 |loross34 ... — 2.60 | 3.68 —
cross T/8 . .. - T 2.20 —-
Digoussion ‘

Qkin strats in Friesians ave thioner than in the studied breeds facilita-
ting the water path through the gkin by the way of ingensible perispiration,
This efficiency of perispirabion is augmented by the abundance and wide dis-
tribution of hlood vessels in the skin of the Friesians. Blood vessels and capil-
laries determine to a great exfent the amonnt and rate of blood flow in the
skin. This blood flow affects skin temperature, heat convestion, amount of
ingensible pexispiration and the sweating activity, (Findlay & Yang, 1948 ;
Goodall & Yang, 19564; and Shafie, 1958).

UAR. J. Anim. Prod, 10, No, 1 (1970).
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] L3 purcsred
Jath BB cross 112
7R cross 36
3.5 < [¥5E) cross 8
EMD cross M/32

NATIVE CATTLE  FRLESIAM SHORTHOR®  HEREFORD

BREED

Fra, 2.—Total sweating surface per cw? of skin in different cattlo
breads and crosses of 1'& 2 years old om-1.

Total sweating surface in Friesizans is the largest due to the greatest num-
ber of sweat gland, and the latgest circumference and length of single sweat
gland. Thig large surface is accompanied by a rich blood supply then the
other breeds. Thia blood supply provides copious fluid required for the sweas
gland secretion, It is clear from the present study that Friesian had o greater
aweating surface than the dairy Shorthorn and the Horeford breeds. The
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surface in the Friesian is also greater than that in Ayrshire as reported by
Findlay and Yang (1948). It is worth noticing that the Friesian possesses o
greater sweating surface shan the Egyptian native cattle.

These histological construction of the Friesian skin coincides with the
results obtained for the reaction of the Friesian in hot climates. the Friesian
showed & slight increase in body temperature by the effect of increase in air
temperabure Shafie et al, (1969) in comparison to Shorthorn Badreldin &
Ghany, (1952). -Moreover, the Friesian breed was more tolerable to direct
solar radiation than the Shorthorn Aslcer et ol {1952 & 1953, Shafie et al, 1969).

The Shorthorn cattle kave the thickest cornium, and epidermis, so the
diffused waber path is more hardly than in the case of Friesian, especially
the hlood vessels and capillaries are less than in the case of Friesian, Total
mweating surface iz less in Native cattle than in all breeds, and the blood
supply o the glands is not s0 much. This affects the sweat gland secretion.
The percentage of medullated hair is less in Shorthorn than Friesian and
Hereford, This would provide s smaller opportunity for the vaporization
of moisture and congequent absorption of heat from the skin (Findlay & Yang,
1950 ; and Dowling, 1956).

Hereford catile is equal to the Friesian in tho thickness of cornium, and
epidermis layer, however its significance in perispiration in Hereford is
controversed by the barrier of the long woolly hair coat which hinders water
vaporization from skin surface. 'Total sweating surface in Hereford is equal
0 that of the Shorthorn and Native cattle, thus making the Hereford inferior
to the Friesian in secretion activity of the sweat glands.

The pili muscle is very strong and branches in the skin of Hereford.
‘When the pili muscle gontracts as in conditions of external cold, pressure
will be exerted on the capillares. This will probably supplement cubaneous
vaso-conatriction wnder eold condition and the peripheral blood flow will be
sreduced with consequent increased heat conservation. This funotion of the
muscle is additional to its function in increasing heat insnlation by the erec-
tion of hair (Findlay & Yang 1348, and Findlay 1950). Friesian and Shor-
. thorn show strong pill muscles but less than Hereford, snd Isrger than Na-

-tive cattle.

~ From the skin histological study, it is apparent that the Friesian breed
ig the best temperate one equiped for heat dissipation which makes It more
successful than both Shorthorn and Hereford for thriving wnder the climatio
conditions of the arid gub-tropieal zones.
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