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FAGT’ORS INFLUENC?NG WOOL FOLLICLE
CHARACTERISTICS IN FAT-TAILED SHEEP

nY

A.L. BADRELDIN, G.R. A, KAMAR, M. M. SHAFEI AND LF. M. MARAIT
ANIMAT PRODUGCTION DEPARTMENT, FAGULTY OF AGRICULTURE, CATRO UNIVERSITY,
GIZA, BEGYPT, U, 4. R.

SUMMARY

A histological study was carried out on the sking of 22 Ossimi
and Rahmani sheep, eleven of each breed, from birth to six
months of age. The number of secondary follicles per unil area
was found to increase up to A5 days of age, then decrease after-
wards. At the same time, the primaries showed a continuous
decrease as the animals’. body surface increased, confirming
the post-natal initiation of the secondary follictes which did not
oceur in the primary ones. The S/P ratio inereased continuously
as the animals grew older. The S/P ratic differed significantly
in the two breeds. The Rahmani had higher values than the
Ossimi in most of the ages studied. Shedding occurred in the
fibers of the primary follicles of both Ossimi and Rahmani sheep,
and increased during the spring especially in the Ossimi sheep.
The external—and the internal—diameter of wool follicles showed
a continuous increase as the animals grew older. The internal dia-
meters of wool follicles were sipnificantly thicker in the Ossimi
than in the Ralimani sheep. Sex showed no significant effect on
the characters studied, except in the S/P ratio where the females
had the higher values than the males in both breeds.

INTRODUCTTON
At birth all the primary follicles are present (Schinkel, 1955 ), meanwhile,

the post-natal development in the follicle group occurs only in the secon-
dary follicles (Schinckel, 1953 5 Fraser, 1954 ; Short, 1955). The rate
of deyelopment differs greatly according to the breed or variety (Garter
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and Hardy, 1947 ; Fraser and Hamada, 1952 ; Fraser, 1954 ; Margo-
lena, 1954 ; Ross, 1954 ; Short, 1955). :

Changes in the density of follicles are caused by differences in the ratio
of primary to secondary follicles (_Fraser, 1953) and to the normal skin
expansion accompanying growth alter birth (Margolena, 1954 ; Schinckel,
1955). The mcrease in the size of the animal leads 1o a decrease in the
number of follicles per unit area (Margolena, 1 954). .

The final relation between the primaries and secondaries depends
mainly on heredity (Carter, 1943). However, some modifications which
occur are due to emvironmental factors that affect the development of
follicles (Carter, 1943). Rendel (1954) reported that the major differ-
ence between the fleece of various breeds lies in the secondary fibres
formed between birth and six weeks of age. The differences in S/P
ratio between the dillerent sheep breeds are mostly pronounced between
the Merino and non-Merino breeds (Carter and Clarke, 1957 @ and b).
In general, the S/P ratio increases with age until maturity of the animals,
when the values remain almost constant or show some decline while the
age when the animals reach the highest ratio differs aceording to the
breeds (Fraser, 1952, 19545 Garler, 1955 ; Schinckel, 1955).

A conspicuous post-natal inerease occurs in the size of follicles (Burns,
1949, 1953, 1954 a). As the animals grow older, the primary follicles
hecome thicker than the secondary ones (Rendel, 1954).

Thig work was planned to study the nature of wool follicle deyel opment
in the indigenous breeds of sheep under the natural conditions of
rearing and management in Egypt.

MATERIALS AND METHODS

Eleven sheep of each of Ossimi and Rahmani breeds were used in the
present work. The lambg were born within the first week of November
1957, They were weaned at four months of age and fed on clover until
six months of age. Skin samples were obtained at filteen-day intervals
from birth until the age of two months, and at monthly intervals there-
after until six months of age. The samples were cut from the mid-side
region al the thirteenth rib of right and left sides alternatively and
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pinned out flat by stainless steel needles on pieces of indian rubber as
deseribed by Burns (1949).

Skin samples were fixed in formol-saline for three days. After fix-
ation, the wool fibres were thoroughly cut.  Dehydration was accom-
plished by transferring the samples into 50 % aleohol for 24 hours,
709 for 24 hours and 90 % aleohol for two hours followed hy three
changes of absolute alecohol for six hours. Clearing was carried out using
cedarwood oil for 24 hours followed by xylol for half an hour. Embedding
in paraffin. wax was carried out under vacuum (press. 9 cms./hg.) at
58%. When blocking, the specimens were pressed flat by a warmed
brass square with a handle, which was removed before the block was
allowed to harden. Horisental sections were obtained by the nge of a
rotary microtome at a thickness of 12 microns. The sections were
stained by haematin and counterstained by erythrosin.

Follicle population counts were estimated per field of microscope
as described by Burns (1949, 1953). The counts were carried out in
ten fields per each section. The S/P ratio (relative number of secondaries
per each primary) was determined from relative mean number of primary
and secon dary follicles in the complete bundles per field. The number
of follicles per square millimeter of skin was calculated from the square
surface and the mean number of follicles per field. The diameter of
follicles was measured using a micrometer stage. Statistical anmalyses
were carried out after Snedecor (1952).

RESULTS
Density :

At all ages, the number of secondary follicles per square millimeter
was almost the same in both Ossimi and Rahmani sheep (Table 1). The
number of secondaries did not change remarkably in Rahmani sheep,
while it increased significantly in the Ossimi between one and 45 days
of age. The number of secondaries, however, decreased in both breeds
between the ages of 45 and 180 days. The decrease was highly signi-
ficant between the different ages (Table 5). Sex showed no significant
effect on density of the secondary follieles in both the Ossimi and Rahmani

sheep ('Tai:uhzs I and 5).
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The number of primary follicles per square millimeter was nearly
the same in both the Ossimi and Rahmani sheep, except at one day old ;
the Ossimi had the higher values (Table 1). In both breeds, however,
primary follicles density decreased significantly with age (Tah]e 5).
Within breeds, the number of primaries per square millimeter of skin
was the same in both sexes in most of the ages (Table 1) and the differences
between males and females were not significant (Table 5). ;

As for the total number of wool follicles, the Ossimi had higher but
not significant values than the Rahmani from ope to 90 days old (Tables 1
and 5). These values showed highly significant decrease from one
age to another, while there was no significant difference between males
and females in both breeds (Tables 1 and 5).

S /P rato :

Breed had a highly significant effect on S/P ratio (Table 5). The
Rahmani sheep had higher value of 5/P ration than the Ossimi sheep in
most of the ages except at 30 days of age when the Ossimi surpassed
the Rahmani (Table 2). In both breeds, the S/P ratio inereased signifi-
cantly with the adyance of age until 180 days. In the Ossimi, the females
showed superiority over the males in S/P ratio in most of the ages,
(Table 2), but in the Rahmani there was no obvious difference between
males and females. The effect of sex was stat.ist.ic-a]{}' highly significant

for /P ratio mn both breeds (Table 5).

External diameter (_);" wool ﬁjﬂzhfes :

The external-diameter of primary, secondary and average diameter
of wool follicles were somewhat more in the Ossimi than in the Rahmani
sheep (Table 3), but these differences were not significant (Table 5).
Age showed highly significantly effects on the diameter of primary,
secondary and average diameter of wool follicles throughont the exper-
mental period (Table 5). Follicles in the Rahmani males had thicker
diameter than those i the females, while the Ossimi sexes showed
conflicting results at all ages (Table 3), but in general, sex showed no
significant effect on diameter values (Table 5).



Tapre 1

The number of wool follicles per square millimeter of skin
in the Ossimi and Rahmani sheep

i Aeein Days
Breed Sex Wool | geil ol £l

follicles groich|frggind fikinger 10 180

| Primary | 3043 | 1321 | 9x03]| 841
Male Secondary | 293 | 3142 | 2142 2141

_’i‘“(_;-t_al 59+2 | W2 |

Primary | 2942 | 1841 | 1041 | 8+0.3
Ossimi.... .. |Female |Secondary | 2942 | 8545 | 2743 | 2342

Toul | 58+ | 48x6 | 3742 | 31+t

Primary 2942 1341 9404 | 8403
Average |Secondary | 2942 3342 | 242 23+1

Total \ 583 | 4643 | 3342 | 3141

[Primary | 2529 | 14z2 | 9x1 | 8x0.
Male Secondary | 2942 3245 2649 2442

Towl | 5hkh | A6LT | 3302 | 3241

T |brimary | 2642 | 1143 | 841 | 8103
Rahmani... |Female |Secondary | 30:£4 2512 | 2441 | 22414
Totdl | 5656 | 36:2 | 3241 | 301

_ Primary 2(54:2 12:11 910.4 | 8+0.2

2942 2843 | 2441 2341

Average Secondary
! ;

Totd | 5521 | 403 | 8322 | 31a

2742 1341 9::0.3 8+0.1
99419 ! 3242 2431 23+£1

Primary
Male Secondary

Total | 563 | 4543 | 3221 [ 3141

Primary 2741 1240.40 9+0.2| 841
Total average | Female ‘Secondary | 3042 3043 2542 254-0.3

| Total 5743 | 4243 | 34x1 | 3142

Primay | 2742 | 1341 | 9+£0.3] 8102
Secondary | 291 ’3112 91 | 2341

Average

Total 56+9 | 42 | 3341 [:m:i
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Internal-digmeter of wool follicles :

Breed showed highly significant effect on the primary, secondary and
average wool follicles internal diameter (Table 5). The internal-diameter
of primary, secondary and average wool follicles were thicker im the Ogsimi
than in the Rahmani in most of the ages (Table 4). Age showed highly
significant effect on the internal diameter of different wool follicle types
(Table 5). The wool follicles internal-diameter showed highly significant
increase with the advancement of age, except between 90 and 180 days
ol age in the secondary follicles where no increase occurred.  The merease
between 90 and 180 days of age in the ayerage interpal-diameter was
only one which could be clearly observed. The internal-diameter of
wool follicles showed nearly the same values in both sexes of both breeds,
except at 45 days of age when females had the higher value of internal-
diameter of primary follicles in the Ossimi breed. Also, the Rahmant
males, at the same age, had the higher value than females in both primary
and average wool follicles interpal-diameter (Table 4). Generally, the
differences belween sexes were not significant (Table 5). '

Tanee 2

The S/P ratio in the Ossimi and Rahmani sheep

. Age in Da ¥s
Breed Sex

1\1}\30]»& | 60 | 90 |1 m]lsu

Male tol1slenlas]onlas]27]28]5.0

o T Pemgle |0.4[19(94 2,52 0?\50 %1|29
| Average \10\19,21 9.4} 2.0|26]2. 3.1

Male 1111.9]2.0]23]25(27]29/|3.1]|3.1

i R T TFemale 1.9 1.0 194 19,89.7 129 [153.0 3.4 | &1
“noram \12[19\20\ s\a.ﬁ\g.a'\a.g\s.ﬂss.l

| Male 1.1]1.8 9.32.492.6(92.8]29]|3.1

Total average . ...| Female | 1.1 1.9 2.1 2.4 (2.6|2.8]5.03.1(32

[Average [ 1.0]1.9] 21|23 |25 ]27]29]3.] 5.0
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TasLe 3

External diameter of wool follicles in the Ossimi and Rahmani sheep (Micron)

s Apge in Days
Bk B “bqul mlelia f oL el SRS
foilicles ' 1 [ Nk [ 00 [ 180

Primary 6343 7843 8843 914.0.3
Male Secondary | 4013 A8L2 5h4-2 h549
i | Average 5948 6312 7146 7241

Primary 6745 Th.16 8645 9249
Ossimi ......|Female | Secondary | 4042 | 5042 | 5443 | 5522
Average 5443 62L3 7044 Th42

Primary 6543 7643 8745 914
Average | Secondary || 4042 | 4941 | Bhal | 55
Average Hda-3 6342 7043 Tt

Primary 6413 8116 8749 9544
Male Secondary | 4143 | 5943 | 54+2 | 6841
3 | 6648 | 7142 | 7642

Average R

Primary 6314 7245 8045 8742
Rahmani ... Female | Secondary | 5642 5042 R H9-1.9
Average B3 6143 6543 6941

Primary 6342 | J614 83 0143
Average Secondary | 3942 51£2 5311 5542
Average 51.4-3 6342 6842 Tauy

Primary 64.1-2 8013 88 14 99.L9
Male Secondary | 4142 4912 e 56141

Average 5242 6442 T3 7441

Primary 6043 7818 8344 l 01456
Total average | Female Secondary | 38x1 5041 HaeLsk [ 8hL2
Average | 52:2 | 6142 | 6812 | 7243

Primary 64+2 762 853 913
Average i Secondary | 3941 50+1 8341 5b+1
Average 5242 6341 6943 7342
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Tasee 4

Internal diameter of wool follicles in the Ossimi and Rahmani sheep (Micron)

v Agein Days
Breed Sex % ‘001 : .
follicles oyl ‘ 5 I 90 ‘ 180
Primary 3311 5242 h6-13 h6£2
Male Secondary | 2141 | 2541 | 2641 | 2541
Average 2813 3341 3642 3542
Primary 3312 4043 A742 4813
Ossimi......| Female Secondary | 20..1 951 262 2611
Average 2641 349 3741 3742
Primary 3341 h2-+9 h742 5742
Average | Secondary | 2141 | 2541 261 | 2621
Average 2741 341 3641 361
Primary | 3041 | 4042 | 2142 | 4143
Male Secondary | 2141 2541 261 2540.3
Average | 2641 | 33+l | 33.1 | 3322
: |
Primary | 2009 | 3642 | 3949 | 44w
Rahmani ...|Female | Secondary | 20411 | 2441 | 2441 | 25:0.3
' Average | 2641 | 30=1 | 3241 | 34l
Primary 2941 3841 | A041 h242
|Average | Secondary | 2041 | 2441 | 2541 | 2541
| Average 2064 r 3142 R 3441
Primary 3141 A1+ 442 G2
Male Secondary | 21+£1 | 2541 | 2641 | 2541
H.ﬁ\\rcragc 2742 3341 301 3541
|
Primary 31+1 39+2 0442 AT43
Total average | Female Secondary | 2041 2411 2541 26--1
Average 2641 3212 5541 3641
IPl‘imary 3131 A0+l A1 h54-2
Average | Secondary | 2141 2541 261 26404
Average 2641 3241 AT | 3541
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Tasre b

The caleolated « F's value in the test of significance
for the different items

Ttems Breed Age Sex
Density of primaries....... i it Sl 0el 139.90=x 128
Density of secondaries . .....cooeicnenn. 0.16 6.46x 0.004
Total density of wool follicles .. ......... 0.93 BA,3 9% 0.14
B valior,, s s i laeiin i e 30.41%x | 640.16%x | 84.25xx
External diameter of primaries ........... 9246 | 94.87x 0.65
External diameter of secondaries........ 9:43 50.28xx 0.15
Average external diameter of wool follicles. 07 30.7fxx 0.53
Tnlernal diameter of secondaries . ........ | 46,07 f6.61xx 0.57
Internal diameter of primaries ........... 39.35xx 97.38 | 0.46
Average internal diameter of wool follicles. . | 20,3 fixx 23.03xx | 0.02

DISGUSSION

The number of secondary follicles per unit area increased up to the
age of 45 davs, then showed a gradual decrease in the later ages. This
may be due to the formation of new secondaries at a faster rate than the
rate of expansion of the growing skin at the early ages. But, in the later
ages, the rate of skin expansion inereased more than the formation rvate
of the new secondaries. The number of primarics per unil area decreased
with age. This may be also due to the expansion of the skin surface and
to the non-existance of post-natal development of the primaries as reported
by Fraser (1953), Margolena (1954) and Schinckel (1955).

Since the secondaries and primaries ave affected by age, the 5/P ratio
varied greatly according to the advancement of age. Its value at birth
is about one-third of its value at six months of age. Since the S/P ratio
can be taken as a criterion for estimating the abundance of secondaries,
it may be suggested that the development of the secondaries in both
Ossimi and Rahmani sheep takes place all over the period of study, as the
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ratio was found to inerease continuously during this period. It could be
considered that the adult fleece strueture is well established after six
months of age and not before. This agrees with the findings of Carter
and Hardy (1947) working on Merino, while it differs from that found
by Burns (1949, 1953, 1954 o and ) working on English breeds
in which the hair follicle group is completed at one to three months of age.

Comparing the two Egyptian breeds of sheep with other foreign breeds,
it was found that both Ossimi and Rahmani possess higher density of
primary follicles per unit area than in the Merino, Merino crosses and
English breeds examined by Carter and Clarke (1957 a and b).

The number of secondary follicles in both native breeds is less than
that of the other breeds; meanwhile, the total wool follicles per unit
avea is higher in the native breeds than in the Lincoln, Corriedale and
all English breeds examined by Burns (1949, 1953, 1954 o and b),
and Carter and Clarke (19575). This may be due to the excess in the
number of primaries. It also coordinates with the values of 5/P ralio
which are less in both native breeds than the other breeds.

Rendel (1954) stated that when the S/P ratio is low, the primaries
give rise to coarse shedding in the adult flecce. Both Ossimi and Rahmant
sheep showed evidence that the shedding of the fibres mcreases with
age. Similar resulls were obtained in the Mermo (Carter, 1940) and in
the Suffolk breed (Burns, 1954 5). Shedding in the Ossimi could be
markedly illustrated when comparing the density of wool follicles 1n the
present work with the density of fibres per unit arca estimated by Tabban
(1954). The wool follicles density is approximately twice as much as the
fibres density. .

The primary follicles in both Ossimi and Rahmani are conspicuously
thicker than the secondary follicles of any other breed such as Blackface
(Burns, 1953); Herdwick (Burns, 19544) or Corriedale (Sugai,
1954). The difference in the diameter of the primary and secondary
follicles has been attributed Lo the time of initiation of these fibres, and
thig is correlated to the depth at which each type of follicle extends into
the skin (Fraser, 1952 ; Fraser and Short, 1952). In both the Ossimi
and Rahmani, the primary follicles are deeper than the secondaries,
whereas in sheep with more uniform fleece the primaries and secondaries
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are at about the same depth. Generally, the wool follicles average
diameter in both native breeds is higher than in the Merino, Polworth,
(lorriedale, Lincoln and English breeds (Carter and CGlarke, 1957 a
and b). However, the Ossimi had thicker internal-diameter and lesser
S/P ratio than the Rahmani. Also, Ragab et al (1956) found that the
Ogsimi had the highest fibre diameter. This may be an evidence of the
inherent characters of fineness of wool in the Rahmani. However, the
feece of the Rahmani is reddish brown in colour. It is more desired in
the manufacture of carpets as its colour is more fixed than the artificial
dyes.

Tndividual variation is markedly observed in the estimated densily and
diameter of wool follicles in both breeds examined. As these characters
are the important factors of quantity and quality ol wool production,
colection of individuals with fleece characterized with high density
of fine wool of the native sheep may lead to the improvement of wool

roduction. It is suggested to carry out histological examinations soon
after birth. Sheep skin which comprises more secondary follicles with
less primaries and thinner cross-sections of follicles, is those needed to
<elect for better wool production. Even if crossing is desired to improve
wool quality of the native sheep, it would be much more advisable to
cross the European breeds which have more secondaries and less pri-
maries with the indigenous breeds.

The breeding program thus suggested would be coupled with belter
management. In Egypt, the local breeds suffer from poor management
and mal-nutrition during the pre-natal life and soon after weaning.
Malnutrition during the pre-natal life reduces the number of follicles
at the critical period of follicles initiation (Glapin, 1948; Schinckel,
1953).
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