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Abstract
The present study was undertaken to investigate the effect of feeding moringa stalks on the morphology and structure of the
different skin components of Barki sheep. The study was carried out on twenty adult Barki rams in Maryout research
station, Desert Research Center of Egypt during the period from February to August 2014. Sheep skin consists mainly of
epidermis and dermis. The epidermis composed of stratified squamous keratinized epithelium and its thickness was
affected significantly by changing the animal's diet using untreated or biologically treated moringa stalks instead of hay. The
dermis consists of connective tissue which is divided into an upper papillary layer and a lower reticular layer. The control
group recorded the highest total skin thickness and also all its layers. The histological measurements showed that, the
thickness of sweat glands was not affected significantly by the changing diets whereas yeast group recorded the highest
thickness comparable to the other experimental groups. Secondary to primary follicle ratio (S/P) increased in the yeast
group than the other experimental groups. The structure of the wool follicle in the sheep skin consisted of outer root sheath
and inner root sheath which concentrically composed of three distinct layers: Henle’s layer, Huxley’s layer and the cuticle.
The external and internal diameters of both primary and secondary wool follicles were significantly increased in sheep fed
berseem hay than those in untreated or biologically treated moringa stalk. While follicle wall thickness showed a slight
decrease in untreated moringa stalk. The fibre diameter in both primary and secondary follicles was affected in a highly
significant degree by the changes in the experimental diets, and there was a harmony between the primary fibre diameter
and its medulla thickness. Animals of control group recorded the greatest fibre diameters produced from the primary
follicles and its medulla thickness. Also, the fibre diameters produced from the secondary follicles followed the same trend.
The wool fibre types in sheep fleeces are kemp, hetero, coarse and fine. The percentage and length of kemp and coarse
fibres recorded the highest values in the control group, while animals fed on untreated moringa stalk had the longest and
the highest percentage of hetero fibres type. Fine fibres percentage, length and the number of crimps/centimeters were
clearly superior in biologically treated groups. Therefore, the study successes in using non-conventional and low coast feed
materials with acceptable production efficiency from the view point of the sheep skin and coat throughout the biological
treatment which is believed to be more environmental friendly and safer than the use of chemicals.
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INTRODUCTION
Sheep are important animals worldwide for the provision of animal protein and wool. Their other products such as fibre,
milk, skin or dung are also important as a source of income for small holders in the less developed parts of the world (Mahgoub et
al., 2010). Sheep is one of the most important domestic animals in Egypt.
Dry regions in Egypt suffer from a chronic shortage of fodder crops production due to several environmental factors,
particularly heat stress and lowered rainfall and water resources. On the other point of view, the increase in feed costs encouraged
nutritionists to search for cheaper non-traditional feed materials, particularly high protein and energy feed ingredients.
Introduction of high potential fast growing tree adapted to arid and sandy conditions such as moringa would have proved to be an
effective way to overcome the shortage of animal feeds. moringa is one of the promising dry tolerant forages that exhibit a series
of outstanding features such as hardiness and ability to grow under high drought and heat stress conditions. The shrub is
characterized by high mass production and moderate digestible crude protein but deficient in energy contents. However, stalks as
the main by-product for moringa crop has not utilized in animal feeding although it represents 30% of plant (Dechasa et al., 2006).
Few studies have been conducted on utilization of moringa stalks in fattening lambs (Mahmoud, 2013).
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Great amounts of moringa by-products (stalks) result from cultivated area with Moringaoleifera in Egypt without
beneficial usage and almost considered as wastes. Utilizing moringa stalks as animal feed could help in solving the problems of
feed shortage at least in governorates producing moringa crop which is particularly realized at drought seasons and hence the
selling price of animal’s products. Many attempts have been done to increase the digestibility and utilization of the agricultural
residues, one of them is the biological treatments which become essential in order to degrade lignocellulose into lignin, cellulose
and hemicellulose and improve crude protein content (Morrison, 1988and Abd El-Aziz and Ismail, 2001).
The integument of an animal is the protective cover of this body, and the medium through which the animal is in
continuous contact with its surroundings. Sheep skin is of considerable economic value to the leather, fur and wool industries
(Konig and Liebich, 2004). The maximum capacity of a sheep to grow fibre (wool) is determined by the animal's genotype.
Maximum genetics potential for fibre growth can be reduced by restricting the nutrient supply during fetal and early postnatal life
(Black and Reis, 1979). In adult animals, the rate of fibre growth is determined by physiological and environmental factors (Reis,
1982). Fluctuations in the supply of nutrients to the fibre follicles can alter growth rate and properties of fibre.
Biological treatment is a much favorable option and is believed to be more environmental friendly and safer than the use
of chemicals. Microorganisms like bacteria, fungi, yeast, enzymes and other beneficial microorganisms that are able to degrade
lignocellulosic component of by- product plants are used to improve the availability of nutrients for the usage of rumen
microorganisms (Samsudin, 2013). The effective use of biological treatment of wastes with microbial culture such as fungus,
yeast and bacteria may decrease the amounts of concentrate feed offered to animals, and hence reducing the feed cost, as well as
limiting the environmental pollution (Abou Slim and Bendary, 2005).
The objective of this study is to investigate the effect of feeding different biologically treated moringa stalks on the
histological structure of the skin and its different components and some coat traits of Barki sheep.
MATERIALS AND METHODS
Experimental design:
The present study was conducted at Maryout research station located at 35 kilometers south-western Alexandria, Desert
Research Center of Egypt. The study was carried out during the period from February to August 2014. Twenty adult Barki rams
with average body weight 42.8 kg ± 0.46 were used in a complete randomized design with five groups (4 animals in each). The
five groups were named according to the diet they were daily given: BH group: given berseem hay and used as a control group,
MS group: given moringa stalks without treatment, MSF group: given moringa stalks treated with fungus (Trichodermareesei),
MSY group: given moringa stalks treated with yeast; (Saccharomyces cervisiae) and MSB group: Given moringa stalks treated
with bacteria (Cellulomonascellulasea).
All groups were offered concentrate feed mixture (CFM) and roughages (60:40%) to cover their maintenance and productive
requirements according to Kearl (1982). The CFM is composed of 28% cottonseed meal, 10% yellow corn, 44% wheat bran, 3%
rice bran, 2% molasses, 3% limestone and 1% common salt production of Al-Marg manufacture. This CFM contained 14.95%
crude protein and 65.64% TDN. Each type of the experimental roughages was offered to ad libitum. Water was offered to the
animals twice daily through the duration of the experiment.
Microbiological preparations:
Microbiological preparations were undertaken in the laboratory of microbiology, Desert Research Center, Al-Matarya,
Cairo, Egypt. Three different cultures medium were prepared, and used to inoculate a sterilized broth medium. The microbial
strains were the bacteria Cellulomonascellulasea (c.cellulasea), the fungus Trichodermareesei (T.reesei) and the yeast culture
Saccharomycescervisiae (S. cervisiae).The microorganisms were maintained on CzabekDox agar medium for T. reesei (Oxoid,
1982), yeast extract malt agar (YMA) medium for S.cervisiae (Pridham et al., 1958) and carboxymethyl cellulose (CMC) agar
medium for C. cellulasea (Someya, 1980) at 30˚C until used. The inoculated mediums (cultures) were incubated at 30 ºC for 7
days for fungus and 3 days for yeast or bacteria.
Large-scale application of each strain culture to chopped moringa stalks were prepared by adding 36 liters of one of the previous
growth culture to 360 liters of tap water and mixed with 300 kg chopped moringa stalks. All roughages were mixed well, and then
bagged, pressed in clean plastic bags holding 50kg, sealed, and kept in chamber for 21 days at room temperature. At the end of
incubation period, lasted for 21 days, the treated materials were solar dried to stop activity of fungi and moisture content reached
less than 10%, then packed and stored until used in feeding trials.
The samples of feed were analyses for proximate analysis according to AOAC (1995). Cell wall constituents (NDF, ADF and
ADL) were determined according to Van-Soest et al. (1991). Cellulose and hemicelluloses were calculated by difference.
Histological preparations:
Skin samples were taken from the mid side region which is considered as a standard follicle population area over the
whole skin surface (Schleger and Turner, 1960). Skin specimens were fixed in calcium formol for about 24 hours (Barker, 1958),
washed and left for 24 hours in distilled water, dehydrated in an ascending series of ethyl alcohol, clearing in benzene for 30
minutes and embedded in paraffin wax. From paraffin blocks transverse and perpendicular sections of 6-8 microns in thickness
were prepared. For general histological observations, sections were stained with Haematoxylin and Eosin stain (Drury and
Wallington, 1980). Suitable sections from each sample were selected to study the wool follicle dimensions including the external
and internal diameters of the wool follicles. Then the follicle wall thickness was calculated. The wall thickness of the sweat gland
was also measured. The wool fibre diameters and medulla thickness were measured. Vertical sections were used to measure the
thickness of different skin layers, which included the epidermis and dermis.
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Morphometric studies:
Image analyzer (LEICAQ500MC) with lenses 10/0.847 and 40/0.65 was used for undertaken the histometric quantitative
examinations in all sections.
Wool fibre samples were collected from the animals at the same time of getting the skin samples. All samples were tested for fibre
type ratio according to the method followed by Guirgis (1973). The samples (not less than 500 fibres each) were classified into
several types according to their coarseness and percentage of medulla into kemp, hetero, coarse (medullated) and fine (nonmedullated). Fibres from each type were counted and their percentages were calculated. The average fibre lengths were measured
from ten observations for each fibre type. Each fibre was measured against a millimeter ruler with enough tension applied to
straighten the fibre without stretching it. Both fibre types and fibre lengths were examined on black velvet covered board. The
number of crimps per centimeter was counted in the coarse and fine fibres.
SAS (2008) program, utilizing GLM procedure was used to analyze the obtained data. The differences between means within the
different experimental groups were compared using Duncan’s Multiple Range Test (Duncan, 1955).
RESULTS AND DISCUSSION
The skin of sheep consists of two main layers, a thin outer layer the epidermis and a thicker inner layer the dermis (Fig.
1). Wool grows from small structures in the skin known as follicles and these with their associated glands (sweat and sebaceous
glands) and arrector muscles are enveloped by the dermis.

Fig. (1): Vertical section of sheep skin showing its different layers (D)dermis; (Ep) epidermis; (Pa) papillary layer; (Re) reticular
layer (Hx. E., X 100).
The skin thickness of Barki sheep as illustrated in table (1) and figure (1) showed that it was affected highly significant
by changing the animal's diet. Sheep fed on berseem hay recorded the highest significant values (1730.11±12.33) compared with
treated and untreated moringa groups while the differences within the different experimental groups were non-significant. These
findings might be due to the nutrients available from berseem hay which encourages sedimentation of dermal layer better than that from
untreated moringa stalks. Moringa stalks considered a low quality forage. Leng (1990) and Gerbregiorgis et al. (2012) stated that,
low amount of nutrients passed through the rumen leads to decrease the levels of protein and energy in the body cells which may
influence cell proliferation and keratin synthesis in the skin cells.
The thickness of the epidermis was significantly affected by using different animal's diets (Table 1). Animals fed on
untreated moringa stalks showed a significant decrease in the epidermal layer thickness (26.96±0.31) than that of the control
group (28.17±0.31). The experimental treatments caused a slight increase in the epidermal thickness in comparison with the
control animals recording the highest value in the animals of the yeast treated moringa (27.90±0.31) followed by the other two
treated groups with fungus (27.86±0.31) and bacteria (27.32±0.31) respectively.
The dermis could be conveniently divided into two layers, an upper papillary layer and a lower reticular layer (Fig. 1).
The thickness of the papillary layer showed the same trend of the entire skin thickness. It was much thick and showed a
significantly higher value in animals fed berseem hay (1002.77±8.03) compared with that in the other experimental groups.
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Table (1): Mean thickness values (µm ± SE) of total skin and its different layers, sweat gland and secondary to primary follicles
ratio (S/P) in the skin of Barki sheep fed on different biologically treated moringa stalks.
Treatment
BH
MS
MSF
MSY
MSB
Skin layers
a
b
ab
ab
26.96±0.31
27.86±0.31
27.90±0.31
27.32±0.31ab
Epidermal layer 28.17±0.31
1002.77±8.03a
967.49±8.03b
976.21±8.03b
976.58±8.03b
968.64±8.03b
Papillary layer
a
a
a
a
699.18±7.00
683.53±7.00
686.16±7.00
693.08±7.00
692.65±7.00a
Reticular layer
a
b
b
b
1730.11±12.33
1677.98±12.33
1690.22±12.33
1697.55±12.33
1688.61±12.33b
Skin thickness
12.49±0.29a
12.02±0.26a
12.32±0.25a
12.55±0.23a
12.26±0.30a
Sweat gland
a
a
a
a
3.67±0.10
3.51±0.11
3.68±0.11
3.71±0.12
3.54±0.12a
S/P ratio
Figures followed by different letters are statistically different (P < 0.05).
Animals fed on untreated moringa had a significantly lower value in the papillary layer thickness (967.49±8.03)
compared with the control group but there was no significant difference between it and different strains of microorganisms (Table
1). On the other hand, feeding Barki sheep on untreated or treated moringa stalks had no significant effect on the thickness of the
reticular layer compared to the control animals. The untreated moringa group had the lowest reticular layer thickness
(683.53±7.00), while the highest value was recorded in animals of control group (699.18±7.00). Biologically treated moringa
groups possessed intermediate values with no significant difference between each other. The present results are in agreement with
that reported by Eren et al. (2012) and Badawy (2018) they attributed the decrease in the papillary layer thickness in sheep to the
possible tightening which is due to the positive effect of Cu and Zn taken in the connective tissue fibres.
The ordinary sweat glands are un-branched, coiled, tubular glands distributed throughout the skin. The secretory portion
is situated deeply in the dermis and coiled into discrete mass (Fig. 2). The thickness of sweat glands was not affected significantly
by replacement berseem hay with untreated or biologically treated moringa stalks (Table 1). The highest thickness was found in
animals of yeast treated moringa group (12.55±0.23) while the lowest thickness was found in animals of untreated moringa stalks
(12.02±0.26). This may be due to the lower dry matter feed intake of moringa stalks diet than the other four diets which increased
the lignin content and lower crude protein leads to decrease in nutrient supply to animal intestine which reduce the supply of
nutrients to the cells hence alter their activities. Chapman and Reis (1978) also illustrated that supplementation of methionine has
negligible effects on sweat and sebaceous glands in wheat-fed sheep.

Fig. (2): Transverse section of the sweat gland of Barki sheep skin showing its thickness. (Hx. E., X 400).
Sheep skin has two main types of wool follicles, primary and secondary. The primaries are the largest and arranged in
groups, often three primaries in each group. The secondaries are more numerous and lie to one side of the primaries (Fig.3).
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Fig. (3): Transverse section of the Barki sheep skin showing its detailed structure. (D) dermis; (Ep) epidermis; (F Gr) follicle
group; (Pr) primary follicle; (Sc) secondary follicle. (Hx. E., X 100).
The fundamental difference distinguishes the primaries in the skin is the presence of a sweat gland and an arrector
muscle (Fig 4), while the secondaries have neither of these (Fig. 5). However, both types possessed sebaceous glands.

Figs. (4): Transverse section of Barki sheep skin
showing a primary follicle and its associated structures.
(EPM) erector pili muscle; (Pr) primary follicle; (Sb G)
sebaceous gland ;(Sw) sweat gland (Hx. E., X 400).

Fig. (5): Transverse section of Barki sheep skin
showing a secondary follicle and its associated
structure, ((Sb G) sebaceous gland; (Sc) secondary
follicle; (Hx. E., X400),
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The S/P ratio is defined as the number of secondary follicles to each primary follicle. Table (1) revealed that the S/P ratio
was not affected significantly by the different experimental diets.
It could be noticed that the value of S/P ratio in animals of the control group recorded (3.67±0.10), whereas it was (3.51±0.11) in
those fed untreated moringa. Small and non-significant differences in the values of S/P ratio were observed in the skin of animals
with different experimental treatments (Table 1) However, from the previous results, the values ranged between 3.51 and 3.71
were nearly close to the values reported by Badawy (2011). This difference in S/P ratio may be associated with follicle activity in
which catagen phase, the follicle regresses, fibre growth delay and the brush end is formed (Speedy, 1992) as a result of the
decrease in availability of nutrients to the wool follicles.
Furthermore, secondary follicles are more affected by the changes in nutrition than primary follicles and more
susceptible to follicle shutdown (Ryder and Stephenson, 1968). Olivier and Olivier (2007) suggests that the secondary wool
follicles of both the fine and strong sheep wool become inactive and shed their fibres for the duration of the feeding stress period,
but started to produce fibres again after the feeding conditions improved. Generally, adverse nutrition has been shown to cause a
permanent decrease of secondary follicle population and S/P ratio (Schinckel and Short, 1961). Renani et al. (2013) reported that
secondary follicles shed their fine cashmere at the end of winter and beginning of spring due to very limited nutrient availability
supplied to the follicles.
The variations in the supply of nutrients to the follicles can exert a considerable influence on the rate of fibre production
and the characteristics of the wool. The wool follicle consists of an external connective tissue sheath derived from the dermis, and
an internal epithelial root sheath from the epidermis (Fig. 6). The epithelial root sheath is subdivided into outer and inner root
sheaths. The thicknesses of them are affected by the variation in the size of the follicle. The outer root sheath possessed a single
row of tall cells while the inner root sheath has three distinct layers: Henle’s layer, Huxley’s layer and the cuticle arranged
concentrically inside the outer root sheath (Fig. 6).

Fig. (6): Transverse section of a wool follicle of Barki sheep skin showing its different layers. (CT) connective tissue sheath;
(ORSh) outer root sheath; (Cu) cuticle; (Hn) Henle’s layer; (H) Huxley’s layer. (Hx. E., X 400).
The follicle dimension is considered a key of knowing the follicle ability to produce the fibre material. The average
values of the external and internal diameter of both primary and secondary wool follicles were significantly affected (P<0.01) by
replacement the berseem hay with untreated or biologically treated moringa stalks in the sheep diets (Table 2). The increase in
follicle dimensions in the berseem hay group could be histologically attributed to the morphological changes in the connective
tissue sheath which accompanied the follicles during the active periods (Abdou et al., 2016). On the other hand, supplementation
of coated methionine in the diet of the mothers during the first two months of infancy can significantly increase the diameter of
both primary and secondary follicles in the female Rayeni goats and their treated kids (Nazem et al., 2013).
Feeding sheep on untreated moringa stalks resulted in a significant decrease in the external diameter values (112.56±2.77
and 66.06±1.51) of the primary and secondary wool follicles and in the internal diameter of the secondary follicles (26.36±0.97).
These values increased (p>0.05) by the treatment of moringa stalks with different strains of microorganisms with a non-significant
difference between each other. The internal diameter of both follicles type showed the same trend between the treated groups and
exhibited a slightly increase in animals of yeast group.
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Table (2): Mean values (µm ± SE) of primary and secondary wool follicle dimensions in the skin of Barki sheep fed on different
biologically treated moringa stalks.
Follicle dimensions
Treatment
Primary follicle
Secondary follicle
133.96±1.76a
75.60±0.91a
External diameter
BH
c
112.56±2.77
66.06±1.51c
MS
bc
115.27±2.33
69.65±1.34b
MSF
b
121.60±2.51
70.60±1.23b
MSY
bc
118.92±2.19
69.75±1.0b
MSB
a
66.57±1.47
32.93±0.58a
Internal diameter
BH
b
55.38±2.31
26.36±0.97b
MS
b
56.32±1.95
27.80±0.86b
MSF
b
56.61±2.09
28.21±0.79b
MSY
b
54.19±1.83
26.82±0.64b
MSB
a
67.39±1.66
42.67±0.82a
Wall thickness
BH
c
57.19±2.61
39.70±1.37a
MS
bc
58.95±2.21
41.85±1.21a
MSF
ab
65.00±2.37
42.39±1.12a
MSY
ab
64.73±2.07
42.93±0.91a
MSB
In each column, means of different experimental groups followed by different letters are significantly different (P<0.05)
The decreased follicle dimensions in primary and secondary follicles of moringa stalks group could be attributed to the
higher content of acid detergent lignin which affected significantly on feed intake that lower the crude protein intake and resulted
in a clear-cut response in fibre growth to protein, and only small responses associated with energy reversal of the effects noted for
diets digested in the rumen. The same findings were observed when sheep fed on Atriplex and Pearl Millet as in the study of
Kempton (1979). It is well known that feeding animals with halophytes had significant effect on their feed intake and
subsequently on follicle activity and fibre diameter. This may be due to the increasing neutral detergent fibre content in this diet
which limits its consumption by animals (Givens et al., 2000) and due to anti-nutritional components of these forages (Aslani,
2004).
The slight increment in the treated groups may be due to the nutrition which alters the size and number of cells in the
germinative region of the bulb, the rate of bulb cell divisions and the ultimate size of the cortical cells, which make up the fibre.
Badawy (2016) showed that there was a significant increase in all primary follicle dimensions of sheep skin fed on supplementary
feeding. In addition, the higher crude protein content of biological treatments resulted in increasing the microorganism’s biomass
and consequently the production of protein especially yeast. Moreover, they increased the fibre fractions digestibility by
increasing the activity of microbial enzymes hence increase carbohydrates and protein supplied to wool follicles (Kewan et al.,
2017). Askar et al. (2012) and Ferrell et al. (1999) mentioned that the supplementary feeding is essential to increase feed intake
and digestibility by improving dry matter and organic matter digestibility with sheep grazing poor quality forage. Also, Abdou et
al. (2006) concluded that the different levels of nutritional supplementation affected ultimately all primary follicle dimensions in
Camels.
Abdou et al. (2016) also found that, using of propionic-bacteria as feed additives to salt plants in sheep nutrition showed
a significant effect on the wool follicle dimensions which might mean affecting its activity and wool production. In addition, Helal
and Fayed (2013) showed that, bacteria treatments (celluletic or nitrogen bacteria) had higher values of follicle dimensions
compared with the control group. They also showed that the silage of both types of bacteria had higher effects compared with
those had separate celluletic or nitrogen bacteria. Also, they observed that secondary follicles had significant differences among
studied groups in both external and internal diameter and wall thickness as well; while fibre diameter showed no significant
differences among all treatments. So, the increase in follicle dimensions is most likely referred to its wall thickness not to the
produced fibre.
On another point of view, the use of protected fat in the diet influenced significantly consumption of all nutrients (Pinto
et al., 2011). The non-influence of the protected fat on fibre growth is probably due to the fact that part of the fat source is inactive
in the rumen and probably what was fermented in this compartment was not enough to negatively influence the food degradation
so it could affect animal performance. Abdou et al. (2015) acclaimed these statements by finding small or non-significant changes
in the external diameter and wall thickness of the primary follicles while the internal diameter of the same follicles showed nonsignificant difference as a result of feeding halophytic diets with or without inclusion with protected fats.
The wall thickness of the primary wool follicles was significantly affected to a high degree (P<0.01) by the changes in
the experimental roughages. The highest significant value of the primary wall thickness observed in animals fed on berseem hay
(67.39±1.66) while the lowest value recorded in animals of untreated moringa group (57.19±2.61) (Table 2). Within biologically
treated moringa groups, the wall thickness of primary follicles in sheep fed on yeast treated moringa showed the highest value
(65.00±2.37) followed by the other two treated moringa groups.
Yeast is mainly a source of protein, vitamins and minerals (Stone, 2006). Reis et al. (1992) found that the rate of wool
growth was markedly altered by protein supply when providing sheep with most of their nutrients as abomasal infusions. (Hekal,
2017) revealed that, using of biological additives (ZADO) which contain Sacchromyces cerevisiae yeast with different doses as a
fed to Barki sheep showed a significant effect on wall thickness of the primary follicles compared with the control group.
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In contrast, the wall thickness of the secondary follicles was not significantly affected by changing the experimental diets
(Table 2). Regarding with wall thickness of the secondary follicles, there were no significant differences in relation to using of
propionic-bacteria as sheep feeding treatments (Abdou et al., 2016), or according to feeding halophytic diets with or without
inclusion with protected fats (2015). In addition, there was more obvious positive correlation between secondary follicles diameter
and its fibre than that in the primary follicle. Accordance to Abdou et al. (2007) this was attributed to the level at which diameters
were measured.
It is clear from the present results that, the wall thickness of the primary follicles was greater than that of the secondary
follicles in all sheep studied. This might be due to the greater thickness of the outer root sheath with its large number of cell
layers, which in turn led to the greater activity during growth and produced relatively large fibres. The average values of external
and internal follicle diameters and the follicle wall thickness among sheep under investigation were positively correlated with
each other and with fibre diameter. Brown et al. (1968) and Badawy (2006) stated that the wall thickness of the primary follicles is
usually thicker than that of the secondary ones. In Barki sheep, Hammouda et al. (1967) found the same trend that the primary
follicles were larger and thicker than those of the secondary follicles.
The wool fibre is composed of a thin outer layer, the cuticle which surrounds the cortex and provides a covering of the
surface. The cortex formed the bulk of the wool fibre substance. Coarser fibres often have a central portion, the medulla which is a
large central core that contained empty spaces filled with gases probably air. It is found only in kemp and coarse wool fibres
(Fig.7).

Fig. (7): Transverse section of a primary follicle of Barki sheep skin showing its different wool fibre layers, (Cu) cuticle; (CO)
cortex; (M) medulla. (Hx. E., X 400).
Fibre diameter is the most important character affecting spinning count and the economic value of wool. Table (3)
demonstrated that, in both primary and secondary follicles the fibre diameter was affected in a highly significant degree (P<0.01)
by the changes in the experimental diets. There was a harmony between the primary fibre diameter and its medulla thickness. The
mean values of the fibre diameter produced from the primary follicles and its medulla thickness were highly significant in animals
of control group (52.42±0.52 and 28.65±0.59) than those fed on different forms of moringa treatments. Meanwhile, there were no
significant differences in both fibre diameter and its medulla thickness values between animals of untreated and treated moringa
groups. Animals of fungus treated group recorded a slight increase in fibre diameter and medulla thickness values (42.76±0.68
and20.36±0.68) than those of bacteria treated group (42.22±0.64 and 20.06±0.73) and yeast treated group (42.15±0.73 and
19.97±0.80). While the lowest values of fibre diameters and medulla thicknesses were recorded in animals fed on untreated
moringa (41.44±0.81and 19.62±0.80).
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Table (3): Mean diameter values and medulla thickness (µm ± SE) of the fibres produced from both primary and secondary wool
follicles in the skin of Barki sheep fed on different biologically treated moringa stalks.
BH
MS
MSF
MSY
MSB
52.42±0.52a
41.44±0.81b
42.76±0.68b
42.15±0.73b
42.22±0.64b
Primary fibres
26.38±0.41a
18.02±0.67c
19.92±0.60b
19.89±0.55b
20.13±0.45b
Secondary fibres
a
b
b
b
28.65±0.59
19.62±0.80
20.36±0.68
19.97±0.80
20.06±0.73b
Medulla
thickness
In each parameter, means of different experimental groups followed by different letters are significantly different (P<0.05)
It is clear that, fibre diameter is the major determinant of wool price but presence of medullated fibres is also an
important quality factor in wool (McGregor, 1990). The major factors influencing the proportion of medullated fibres are genetics
and age (Lupton et al., 1991). Also the cortical cell size and type may be altered by genetics (Black, 1987), while the effect of
nutrition are still equivocal (Williams and Winston, 1987). The increased values in primary fibre diameters and its medulla
thickness in the berseem hay group may be due to the increase in the nutrient supply to the animal intestines, hence increased
follicle size as a result of larger bulb cell size, was considered the major factor in increasing fibre diameter (Hynd and Masters,
2002). In addition, (Hynd 1994) said that, fibre diameter tended to change in response to changes in nutrition. Also, Jafari et al.
(2005) cleared out that in ewe lambs, fibre diameter increased when wheat straw was treated with 30% exogenous fibre-degrading
enzymes. Abdou et al. (2016) confirmed these results and stated that, the use of propionic-bacteria improved the primary follicle
dimensions and to a large extent the secondary ones. Also Hynd (1989) found that the fibre diameter and length increased when
the diet of sheep changed from low protein diet to high protein diet. Other studies revealed that both the rate of fibre growth and
fibre diameter were increased as the energy (Calhoun et al., 1988) and protein (Sahlu et al., 1993) in the diet were increased.
The non-significant changes in the values of medulla thickness in relation to feed type were also reviewed by TiffanyCastiglioni (1986) and Lupton et al. (1991), who concluded that the proportions of medullated and kemp fibres are not markedly
affected by nutrient supply. Also, Abdou et al. (2015) found that treated halophytes with protected fat didn’t affect medulla
thickness of Shami goat fibres. Whereas Scobie et al. (1998) recorded that the high protein diets increased the proportion of
medullation to 5.6 while low protein diets were 3.8.
On the other hand, the diameter values showed a remarkable decrease in fibres produced from secondary follicles in the
fleeces of animals fed on untreated moringa stalks (18.02±0.67) than those of the other groups. This is due to the increasing acid
detergent lignin content in this diet which limits its consumption by animals (Givens et al., 2000). In addition, a reduction in the
nutrient supply absorbed by the follicle could be reduce the fibre diameter and inhibit keratinization.
In contrast, animals of control group recorded the highest significant diameter value (26.38±0.41). Rowe et al. (1989)
noted that, increasing supplement intake increase fibre diameter. However, in biologically treated moringa groups there were an
increase in the diameter of secondary fibres in animals of bacteria (20.13±0.45) and fungus (19.92±0.60) treatment groups
followed by yeast group (19.89±0.55) with non-significant differences among them. It is clear that, secondary fibre diameter
reflects the nutritive value of diets. In another wards, the biological treatments improved the secondary fibre diameter. These
results are in accordance with that reported by Nsereko et al. (2002) who noticed that the wool growth rate and its characteristics
are associated with increased viable rumen bacteria and the rate of ruminal bacteria growth and flow, which produces greater
absorption of amino acids in small intestine hence wool influenced by the nutrients available to the wool follicles. Also Antunovic
et al. (2006) reported that probiotic supplementation leads to higher consumption and increase feed utilization. Hekal (2017)
stated that in Barki sheep groups supplemented (10 g/h/d) either ZADO or ZAD produce a greater fibre diameter compared with
others fed on low levels (6 g/h/d) or control group. Sarwar et al. (2010) found that probiotic supplementation increases weight
gain of growing lambs. Also, the inclusion of propionic-bacteria in the diet increases the molar proportion of propionate in rumen
fluids, which may support the follicle growth rate and activities (Abdou et al., 2016).
Wool fibres could be classified into three or four kinds according to their diameter and the presence of medulla. The
wool fibre types are kemp, hetero, coarse and fine. The fine fibres or true wool fibres are usually crimped and lacking medulla
while the coarse fibres or hair are medullated and less crimped. Kemp fibres are very coarse, short in length, extremely medullated
and lack crimps.
Table (4) showed that the changes in the experimental diets had no significant influence on the percentage and length of
kemp fibres. In the present results, animals of control group, which had the highest value of the external diameter of both primary
and secondary wool follicles, possessed the highest value of the kemp fibre percentage (2.25±0.20) and the longest fibres
(2.08±0.06) which slightly decreased in those fed on biologically treated moringa stalks, fungi (2.00 ±0.07), bacteria (1.98±0.06)
and yeast (1.95±0.06). The shortest kemp fibres were recorded in sheep fed on untreated moringa stalks (1.90±0.06) as shown in
(Table, 4).
On the other hand, sheep of untreated-moringa group showed a slight increase in kemp fibre percentage than those of
biologically treated groups which recorded higher percentage of kemp fibres in animals of bacteria and fungus groups than those
in yeast group (Table 4). Coarse or hair wool fibres having different types of medulla are considered in between the true wool and
kemp fibres. Some coarse fibres are known as hetero types, because they had an interrupted or fragmented medulla. Table (4)
demonstrated that the percentage of hetero fibres type was significantly affected (P<0.01) by changing the experimental diets but
the length was not significantly affected in all the experimental groups. The percentage of hetero fibres was increased significantly
in the fleece of sheep fed untreated moringa stalks, while the control group recorded the lowest hetero fibres type percentage.
Within biologically treated moringa groups, there was a non-significant difference between them in the percentage of hetero fibres
type in which, hetero fibres in sheep fed on bacteria treated group were slightly increased (1.97±0.29) than those fed on fungus
(1.92±0.29) and yeast treated groups (1.80±0.29) (Table 4).
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Table (4): Mean percentage and length ± SE of the wool fibres and the number of crimps/cm in the fleece of Barki sheep fed on
different biologically treated moringa stalks.
Treatment
BH
MS
MSF
MSY
MSB
fibretypes
2.25±0.20a
1.88±0.20a
1.69±0.20a
1.62±0.20a
1.83±0.20a
Kemp
Percentage
2.08±0.06a
1.90±0.06a
2.00 ±0.07a
1.95±0.06a
1.98±0.06a
Length
b
a
b
b
1.15±0.29
3.60±0.29
1.92±0.29
1.80±0.29
1.97±0.29b
Hetero
Percentage
a
a
a
a
2.21±0.21
2.66±0.19
2.53±0.24
2.38±0.19
2.39±0.20a
Length
a
b
c
c
29.71±0.42
27.99±0.42
24.35±0.42
23.86±0.42
24.12±0.42c
Coarse
Percentage
a
b
ab
a
9.92±0.18
9.02±0.16
9.39±0.20
9.57±0.16
9.62±0.17a
Length
b
b
a
a
66.89±0.41
66.52±0.41
72.04±0.41
72.73±0.41
72.08±0.41a
Fine
Percentage
b
b
a
a
10.56±0.32
10.29±0.30
11.53±0.37
12.19±0.30
12.15±0.31a
Length
b
b
a
a
2.34±0.07
2.19±0.06
2.67±0.08
2.77±0.06
2.69±0.07a
Crimps/cm
In each row, means followed by different letters are significantly different (P<0.05)
On the other hand, the longest hetero fibres were found in animals fed on untreated moringa (2.66±0.19), whereas the
shortest was in control group. In biologically treated moringa groups, the difference in hetero fibres length was weak recording
slight increase from yeast and bacteria groups to in sheep fed on fungus treated moringa (Table 4).
The coarse fibres was highly affected (P<0.01) in the percentage and length of different experimental diets. As shown in table (4),
there was a significant decrease in the percentage of coarse fibres in the fleece of Barki sheep having the biologically treated
moringa stalks compared with those of the untreated moringa group. In the biologically treated moringa groups the percentage
value was significantly decreased (Table 4).
The coarse fibres length was significantly decreased in untreated moringa group which recorded the lowest length (9.02±0.16),
whereas the highest length was noticed in animals fed on berseem hay. On the other hand, biological treatments increased the
length of coarse fibres with non-significant differences between them (Table 4).
Fine fibres are named true wool to distinguish them from those of coarse and kemp fibres. True wool fibres are usually
crimped, relatively finer and lack medulla. The fine fibres percentage and length were highly increased (P<0.01) by replacing
berseem hay by either untreated or biologically treated moringa stalks in the sheep diets table (4).
The length of fine fibres in Barki sheep fleeces which having biologically treated moringa stalks followed the same trend of fine
fibres percentage. It is obvious from (Table 4) that animals in yeast treated moringa group which recorded the highest percentage
of fine fibres had the longest fibres then sheep of bacteria treated group and those of fungus treated group. The decrease in the
percentage and length of the control and untreated moringa stalks were differed significantly from the biologically treated ones.
Wool fibres usually have a naturally crimped configuration that is thought to be associated with a bilateral morphological
structure. Crimp is an important textile characteristic because of its effect on fineness and elasticity. The number of crimps/cm
defined as the waviness numbers per unit of length. The number of crimps/centimeter was highly affected (P<0.01) by the changes
in the experimental diets (Table 4). Animals fed on biologically treated moringa stalks had a remarkable increase in the number of
crimps/centimeter which differed significantly from those fed on berseem hay and others fed on untreated moringa stalks. Within
biologically treated moringa groups and according to the previous results, animals fed on yeast treated moringa group which had
the highest percentage and longest fine fibres had the greatest number of crimps/cm while the lowest value was found in those fed
on fungus treated group. On the other hand, animals fed on untreated moringa which measured the shortest fine fibres had the
smallest number of crimps/cm (Table 4).
In the present work, studies on the wool fibres were in coincident with the data which indicated that the fibre diameter in
berseem hay group was slightly higher than the other experimental groups, and this was the reason for increased coarse and kemp
fibre percentages. On the other hand, animals fed moringa stalks either biologically treated or untreated showed the lowest percent
(Table 4). Reis and Sahlu (1994) reported that, kemp content of the fleece may be affected by nutrient supply. Also Nixon et al.
(1991) stated that Angora goats supplemented with high level of nutrition had higher proportions of kemp fibres. Whereas Lupton
et al. (1991) concluded that the kemp fibres are not markedly affected by nutrient supply. On the other hand, fine fibre percentage,
length and numbers of crimps per centimeter were clearly superior in biologically treated groups compared with the other two
groups (berseem hay and moringa stalk). These findings could be attributed to one or more of the following reasons: 1) high
protein quality content; 2) low acid detergent lignin content; 3) increasing digestible organic matter intake and 4) supply for
suitable energy to protein ratio. These findings are in accordance with Hekal (2017), who found that supplementation of either
ZADO or ZAD produce higher value of fine fibre percentage, lowest medullated fibre and lowest kemp fibre percentage than
control group. Also Abdou (2007) reported that the group of Barki sheep received vitamin E had highest percentage and length of
fine fibres and also highest crimp frequency.
It could be concluded that the replacement of berseem hay by moringa stalks treated with different strains of
microorganisms such as fungus, yeast and bacteria showed acceptable follicle activity and fibre efficiency. Consequently, it
reduces the feed coast as well as consumption of different heat and dryness tolerant plants. Therefore, feed components of value
have been prepared from by-product waste that is available in abundance. This would likely help in planning specific strategies for
development of animal production in desert region.
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