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Abstract: In this study, all the hairs and their follicles characteristics of Iranian Bakhtiari sheep were
investigated. A total of 48 healthy Bakhtiari sheep (aged 5-8 months) were selected and categorized on the
basis of sex (24 females and 24 males). Samples were taken as small pieces from different regions of the skin,
fixed and stained with haematoxylin and eosin. The following indices in each piece of skin were tested: total
number of primary and secondary follicles per one mm , depth of primary and secondary follicles, width of2

primary and secondary hairs, width of primary and secondary follicles, the ratios of number, depth and width
of secondary follicles to primary follicles. The one-way ANOVA and Duncan's Multiple range test were used
to analyze the data and detect of significant differences. No significant difference was observed among all the
various regions of skin. Results showed that except WS, HS/P and WPH, the means of all morphometric indices
were affected by sex. Micrometrical measurements suggested that the Bakhtiari sheep may be characterized by
an NS/P ratio of 0.08 to 1.72, primary follicle number of 1.67-12.67/mm², wool follicle number of 0.33-9/mm²,
primary follicle depth of 580-1193.33 µ and wool follicle depth of 40-380 µ.
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INTRODUCTION follicles [9]. In the available literature, there is a lack of

Sheep are important animals worldwide for the follicles in Bakhtiari sheep. The aim of this study was
provision of animal protein and wool [1]. Iran possesses therefore to describe these properties in different areas of
20 sheep breeds. Almost all sheep breeds of Iran are skin in male and female Bakhtiari lambs.
indigenous and fat-tailed [2]. One of the main Iranian fat-
tailed and native breeds is Bakhtiari which found in MATERIALS AND METHODS
Charmahal va Bakhtiari province where sheep production
contributes significantly to the agricultural economy [3]. A total of 48 apparently healthy Bakhtiari lambs aged
Skin that covers the body makes up 7-12% of the live from 5 to 8 months were selected according to their
weight. Besides its biological and immunological phenotypic features in the abattoir of Shahrekord (24
importance, it has an economic value as a raw material in females and 24 males). Immediately after slaughtering,
industry [4]. Hair or wool fiber is an appendage of the skin samples of skins each of 3 cm were taken from eight
that grows out of the hair follicle [5] and divided into two regions namely belly, neck, leg, rump, flank, forearm,
groups as primary and secondary hairs [4, 6]. The shoulder and hip and fixed in 10% neutral buffered
mammalian hair fibers represent an interesting biological formalin solution for 24-48 hours. They were submitted to
material which also is used in the textile industry [7]. the dehydration process with alcohol and embedded in

Quality and quantity characteristics of wool varied in Paraplast. Transverse sections (5µ thick) were cut parallel
different ages, which are related to the growth physiology to the surface of the skin at midsebaceous gland level and
of sheep [8]. The value of hair and wool produced by stained with haematoxylin and eosin [10]. By using ocular
sheep is mainly determined by morphometry of hairs and micrometer and lattice line graticule (5*5), the following

data characterizing the morphometric properties of the hair
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eleven indices in each piece of skin were tested: number (Table 1). These findings were similar to those of
of primary (NP) and secondary follicles (NS) per one mm , Kurtdede and Asti [15] in German Black Head, Hampshire2

depth of primary (HP) and secondary follicles (HS), width Down, Lincoln Longwool, White Karaman, Awassi and
of primary (WPH) and secondary hairs (WSH) and their Konya Merino (26-38, 24-25, 20-38, 15-36, 13-16 and 44-72,
follicles (WP and WS), the ratios of number (NS/P), depth respectively), Kocam s and Aslan [16] in Tuj breed (7.4-
(HS/P) and width of secondary follicles to primary follicles 8.64 and 37.1-40.32, respectively) and Abbasi et al. [12] in
(WS/P). Data were analyzed by one-way ANOVA, using Lori (3.22 and 7.63, respectively).
the SPSS/PC statistic software (version 18) for the The numbers of primary and secondary follicles in
Microsoft Windows Operating System. All values were flank skin in Bakhtiari sheep were 6-12.67 and 3.67-9
expressed as mean ± SD. Differences were considered respectively, while in other Iranian sheep breeds were
significant for P<0.05 (Duncan's multiple-range test). respectively, 3.2-3.6 and 12.1-13.8 [17]. In other sheep

RESULTS AND DISCUSSION Rodopi [18], Lori [12] and Omani native [1], were

Results obtained from the present study clearly 12.5, 3.2 and 12.9, 2.5 and 10.7, 22.9 and 12.8. In
showed that except width of primary follicles (Table 1), comparison of these results, indicated that the numbers of
depth of secondary follicles to primary follicles ratio and primary follicles in Bakhtiari skin were lesser than Omani
width of primary hairs (Table 2), the means of all native sheep, but is more than other breeds studied.
morphometric indices were affected by sex. With the Furthermore, the number of secondary follicles in
exception of WS/P and WSH, the means of the other Bakhtiari sheep is less than all the breeds studied.
indices in male sheep were higher than females. When the numbers of primary and secondary follicles
Significant sex-based differences were also reported in in shoulder area of skin in Bakhtiari sheep (3.33-4.33 and
Merino [11], Lori [12] and Madras red [13]. Yeruham et al. 0.33-1.67, respectively) were compared with those in Lori
[14] concluded that the gender-related changes of skin (3.22 and 7.42, respectively), it was determined that the
were attributed to endogenous androgen stimulation at Bakhtiari sheep had lesser numbers of secondary follicles
puberty. in this skin area than Lori sheep [12]. Genkovski and

The means of primary and secondary follicles number Gerchev [19] reported that in Tsigai ewes, the numbers of
per one mm  were varied among various areas of skin in primary  follicles  of  shoulder  ranged  from  3.64-4.15,2

Bakhtiari  sheep   (1.67-12.67   and    0.33-9,    respectively) which  was  lesser  than   Bakhtiari   ewes   (4.33).

breeds such as Duben, Kotel, Stranja, Sakar and Central

respectively 3.13 and 7.3, 3.3 and 16.6, 2.9 and 17.1, 3.6 and

Table 1: Mean values of NP and NS (per one mm ), HP, HS, WP and WS (µ) in different skin areas of male (M) and female (F) Bakhtiari sheep (mean ± SD).2

Indices

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Region NP NS HP HS WP WS

Belly M 2.0±1.0 586.67±355.29 148.33±2.88 1.67±1.15 843.33±51.32 126.67±23.09

F 0.33±0.58 360.0±10.0 110.0±10.0 1.0±0.0 266.67±86.22 76.67±20.82

Neck M 12.67±2.08 1036.70±433.63 203.33±15.27 i 10.33±2.52 1063.30±77.67 140.0±17.32 i

F 3.33±0.58 266.67±72.34 106.67±25.17 4.33±1.53 333.33±100.17 70.0±20.0

Leg M 9.67±1.15 793.33±610.76 180.0±20.0 6.0±3.60 1060.0±266.27 180.0±70.0

F 2.33±1.53 273.33±45.09 70.0±0.0 1.67±2.08 370.0±91.65 73.33±15.27

Rump M 9.67±0.58a 983.33±277.55 183.33±37.86 4.0±2.64a 1193.33±213.85 163.33±41.63

F 3.33±1.53 236.67±47.26 93.33±32.14 3.33±2.08 273.33±120.55 106.67±64.29

Flank M 12.67±3.05 b 1016.67±158.22 f 150.0±36.05 6.0±2.64 b 656.67±76.38 f 150.0±40.0

F 9.0±1.0 d 273.33±76.38 60.0±20.0 3.67±2.52 d 203.33±89.63 71.67±30.14

Forearm M 8.33±2.52 c 1056.67±47.26 g 130.0±10.0 3.33±1.53 c 623.33±205.02 g 108.33±18.93

F 1.33±1.53 273.33±70.95 h 90.0±26.46 0.33±0.58 40.0±69.28 h 23.33±40.41

Shoulder M 3.33±0.58 710.0±81.85 106.67±28.87 4.33±1.53 580.0±137.48 160.0±30.0

F 1.67±0.58 e 380.0±233.88 110.0±34.64 0.33±0.58e 162.67±41.49 98.33±40.72

Hip M 9.33±4.16 1063.33±45.09 203.33±23.09 j 2.67±2.89 833.33±153.08 86.67±11.55 j

F 2.33±0.58 313.33±141.54 80.0±0.0 1.0±1.0 166.67±55.07 91.67±22.55

Same small letters within a column differ significantly (P<0.05).
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Table 2: Mean values of NS/P, HS/P, WS/P, WPH and WSH in different skin areas of male (M) and female (F) Bakhtiari sheep (mean ± SD)

Indices

-----------------------------------------------------------------------------------------------------------------------------------------------------

Region NS/P HS/P WS/P WPH WSH

Belly M 0.33±0.58 0.77±0.40 0.74±0.08 71.67±7.64 65.0±5.0 c

F 0.78±0.38 0.31±0.08 0.64±0.31 70.0±17.32 36.67±11.55 c

Neck M 0.27±0.08 0.29±0.12 0.53±0.16 123.33±72.34 48.331±29.30

F 0.42±0.11 0.32±0.11 0.50±0.16 118.33±10.41 26.67±5.77

Leg M 0.23±0.13 0.91±1.19 0.39±0.04 133.33±11.55 23.33±5.77 d 

F 1.26±1.52 0.36±0.13 0.46±0.23 80.0±43.59 43.33±5.77 d 

Rump M 0.34±0.14 0.26±0.12 0.51±0.13 116.67±76.38 66.67±20.82

F 1.72±2.02 0.22±0.08 0.68±0.45 80.0±45.82 60.0±30.0

Flank M 0.72±0.09 0.28±0.10 0.39±0.05 120.0±40.0 33.33±15.27

F 0.62±0.40 0.32±0.16 0.52±0.34 83.33±30.55 28.33±14.43

Forearm M 0.13±0.14 0.26±0.05 0.70±0.21 93.33±25.17 34.0±24.25

F 0.17±0.29 0.08±0.14 0.24±0.42 90.0±17.32 8.33±14.43

Shoulder M 0.50±0.17 a 0.52±0.27 1.10±0.52 90.0±26.46 43.33±23.09

F 0.08±0.14 a 0.30±0.12 0.60±0.14 65.0±37.75 28.33±2.89

Hip M 0.26±0.06 0.29±0.13 0.40±0.04 b 110.0±36.05 50.0±17.32

F 0.44±0.51 0.20±0.06 1.05±0.15 b 49.0±14.93 50.0±20.0

Same small letters within a column differ significantly (P<0.05).

In the present study, the width of primary and The WPH between species can vary from 10-250 µ and are
secondary hair follicles in shoulder area of skin in ewes influenced by the metabolic and nutritional state of the
were 160 and 98.33 µ respectively, but in Tsigai ewes were animal [20].
ranged from 104.2-119.4 µ and 74.7-81.0 µ respectively The results showed that in Bakhtiari sheep, the mean
[19]. Also, these values in flank skin of ewes were 150 and NS/P ratio was 0.08 to 1.72, which in other Iranian sheep
71.67 µ respectively, but in Duben, Kotel, Stranja, Sakar breeds were 3.7-3.5 [17]. In some other sheep breeds such
and Central Rodopi ewes were respectively, 113.4 and 86.4 as Merino hybrids [11], Barki, Sannen, Togenburg, Lori
µ, 140.9 and 79.4 µ, 145.6 and 76.9 µ, 148.6 and 82.7 µ and [12] and Omani native [1], were 4.8, 2.4, 3.9, 2.4, 2.26 and
134.6 and 80.6 µ [18]. 0.6 ratios respectively. The highest NS/P was found in

The results showed that the least depth of primary Merino sheep, which mounts to 16.5 [21]. In comparison
(580 µ) and secondary follicles (40 µ) was recorded of the NS/P ratio of flank skin in Bakhtiari ewes (0.62) with
respectively in shoulder and forearm area of skin. The those of Raichev and Khristova [18] in Duben (5.2), Kotel
maximum HP (1193.33 µ) and HS value (380 µ) was (4.8), Stranja (4.2), Sakar (3.9) and Central Rodopi (4.2), it
recorded in rump and shoulder area respectively. Mir was seen that the NS/P ratio was lower in Bakhtiari ewes.
Shabir et al. [13] stated that in Madras red sheep, the When the NS/P ratio of shoulder skin in Bakhtiari
minimum and maximum depth of primary follicles (784.33 ewes (0.08) were compared with those in Tsigai ewes
and 1935.0 µ, respectively) was in neck dorsal and ventral (1.36-1.47), it was found that the NS/P ratio in shoulder
region respectively. The HP and HS value in shoulder skin skin of Bakhtiari sheep was lesser than Tsigai sheep [19].
in Bakhtiari ewes were respectively 580 µ and 162.67 µ, but It is well established that the quality of wool depends up
in Tsigai ewes were ranged from 1695.4-1735.8 µ and 1095- on NS/P ratio as higher ratio refers to better quality for the
1142 µ respectively [19]. wool [22] and this ratio is hereditary but it is influenced by

The  mean  width  of  primary  hairs  in  this  study diet considerable [21]. 
ranged between 49-133.33 µ, whereas  the  WSH  value
was ranging from 8.33-66.67 µ (Table 2). Mahgoub et al. CONCLUSIONS
[1] reported  a  mean  fiber  diameter  of  45.9 µ  (24-67.5 µ)
in   Omani   native   ewes.   The   wide   range   in  fiber It is concluded that the skin in Bakhtiari sheep
diameter  in   Bakhtiari   sheep   indicates   a  wide characterized by a high NP index and a low NS/P ratio and
variation,  which   may   be     exploited     using    selection NS value. The most indices were affected by sex and
to   improve    the    fineness    of    wool    in    this breed. males had more values than females.
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