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SUMMARY

The present study aimed at investigating the effect of using Barki sheep ewes. Forty-two animals were
utilized in the experiment. 14 ewes served as control (given berseem hay as a basal roughage diet), 14 ewes
were designed to be given mixture of salt plants at a percentage of (50% Atriplex Halimus and Nummularia and
50% Pearl Millet) and 14 ewes were fed the same diet with propionibacteria (1gm/h/day). Skin samples were
taken from different feed trials and prepared for histological and histochemical studies. Wool fibre samples
were also examined illustrating some wool traits under the same different feeding treatments. Results indicated
a significant enhancement of the follicle activity due to the follicle dimensions, primary follicles exhibited less
reaction than secondary follicles (P<0.05). The addition of propionibacteria decreased disturbances caused by
salt plants on follicle dimensions. It also enhanced (P<0.05) the production of protein contents in both primary
and secondary wool follicle sheathes. There were no differences in carbohydrate contents in the wool follicles of
animals in the control group and those fed propionibacteria. Administration of propionibacteria resulted in an
increased fibre diameter and wool traits. In conclusion, giving Barki ewes propionibacteria as feed additive
enhanced the metabolic activity resulting in an increased wool follicle activity and decreased the negative effect

of salt plants on their performance.
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INTRODUCTION

Salinity is a global problem worldwide in
particular in arid and semiarid zones. Several
investigators concluded that cultivation of salt and
drought tolerant shrubs, grasses and legumes may be
consider the appropriate solutions for filling the gabs
of feed deficiency in these regions (El-Shaer, 2006
and Hanafy ef al., 2007). The cultivation of salt-
tolerant crops or halophytes on saline soil has
significant social and economic potential that needs
to be further explore and developed. It is a target to
achieve how to prevent salinification and produce
economic fodder crops to overcome the problems of
feed shortage and high feeding costs.

Supplementing  saltbush  with  carbohydrate
sources can improve its feeding value by providing
energy to ruminal microbes to produce microbial
protein, stimulate carbohydrate digestion and
detoxify secondary compounds (Al-Owaimer et al.,
2011).

Ruminally derived propionate is the major
precursor for gluconeogenesis (Reynolds et al,
2003), theoretical efficiency of propionate as a source
of energy in the form of ATP is 109% compared with
glucose (Mc Donald et al., 1987). They also stated
that the efficiency of utilization for maintenance of
propionic acid is 0.86 versus 0.59 for acetate and
0.76 for butyrate, thus, increasing ruminal synthesis
of propionate may increase glucose supply, reduce
ketosis, and provide increased substrate for lactose.

Supplemental direct-fed microbial such as
propionibacteria may increase the molar proportion

of ruminalpropionate, reduce rumen acidosis, and
increase hepatic gluconeogenesis when fed to
ruminants (Stein et al., 2006).

Propionibacteria are natural inhabitants of the
rumen that make up 1.4% of ruminal microflora and
produce propionate, a major precursor for glucose
production by hepatic gluconeogenesis and thus
direct feeding of propionibacteria may be a natural
way to increase hepatic glucose production and
positively influence metabolism (Francisco et al.,
2002). Inclusion of propionibacteria 169 (P 169) in
the diet increased concentrations of glucose and
insulin in plasma but not influence reproduction of
lactating dairy cows (Aleman ef al., 2007 and Stein et
al., 2006). Also, propionibacteria have the ability to
convert lactic acid and glucose to acetic and
propionic acid and reduce the risk of acidosis
(Ghorbani et al., 2002) and increase weight gain
(Yoon and Stern, 1995).

The high salt loads for sheep possibly bring a
series of negative impact, including reducing the
efficiency of energy use for production (Arieli ef al.,
1989), voluntary feed intake (Blache et al., 2007) and
productivity (Warner and Casson, 1992). The impact
of nutrition on the wool growth of sheep has long
been considered. Correlation between feeding and
sheep wool growth as well as other forms of animal
production has been widely dealt with. Differences in
substrates supply which represent an essential factor
for fibre synthesis of the wool follicles (unit of wool
production) reflect clearly the effect of nutrient
intake and wool output.
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Therefore, the present study was design to detect
the histological, histochemical changes and growth
activity of different skin components of sheep under
different feeding treatments and aimed to investigate
the effect of nutritional factors on the characters and
rate of growth of both fibre follicles and their fleeces.

MATERIALS AND METHODS

The study was carried out in the Experimental
Station of Desert Research Center, located at Ras-
Suder region, Southern Sinai Governate, Egypt that is
characterized by high salt affected saline resources
(soil and ground water). The study had performed
along 9 months beginning from October (2013). 42
adult Barki ewes, averaged 2-3 years old and about
35 Kg body weight, were assigned to dietary
treatments salt plants, propionibacteria 169 (p 169)
and control. The propionibacteria-freudenreichii
strain 169 (Dairy Pro P 169) is a dried material of
viable bacteria prepared by Bio-Vet Inc. USA,
contains a live bacterial count: 30 Billion (3x10'")
Colony Forming Units (CFU). The additive was kept
frozen at (-20'C) as recommended until feeding. Live
bacterial numbers of product was been enumerated
with specie specificity for genus P. freudenreichii
before feeding. Direct fed Microbial (DFM) package
was been analyzed for total counts of
propionibacteria according to Vedamuthu and
Reinbold (1967).

The animals were equally assigned randomly in
three groups (14 in each one) where all animals in
each group were supplemented daily by 40% of their
diets concentrate feed mixture which contains 25%
cotton seeds cake, 35% yellow corn, 30% wheat
bran, 3% rice bran, 3% molasses, 1% urea, 2%
limestone and 1% common salt. The first group
representing the control (C) was given berseem hay
(Trifulium Alexandrinum) as a basal roughage diet,
while the second group (S) was offered mixture of
salt plants at a percentage of (50% Atriplex Halimus
and Nummularia and 50% Pearl Millet). The third
group (P) had the same mixture supplemented with
propionibacteria 169 (P 169) as feed additive
(1g/head/day). The animals were offering their daily
rations according to their live body weight calculated
from the nutritional requirements according to Kearl
(1982). All animals were given the energy diets at
40% of their maintenance requirements while
roughage was given 60%. Drinking water was
available twice daily.

Skin biopsy samples were been taken at different
feed trials from the mid-side position and fixed in
calcium formol for about 24 hours (Barker, 1958),
washed and left for 24 hours in distilled water and
transferred to 70% ethanol then dehydrated, cleared
and embedded in paraffin wax. Sections of 6-8um
thickness were cut and stained with Haematoxylin
and Eosin (Drury and Wallington, 1980). The
histological measurements included the average
external and internal diameters of both primary and
secondary follicles and the follicle wall thickness was

calculated. Histochemically, Periodic acid Schiff’s
reaction (Mc-Manus and Cason, 1950) was used for
detecting carbohydrates as red color and Mercury
bromophenol blue (Chapman, 1975) was used for the
demonstration of general proteins as represented by
the blue color.

Wool samples were taken at the end of the
nutritional trial from 10 cm? patch of left clipped
mid-side position as close as possible to the skin
surface. Samples were weighed to measure greasy
wool production then kept in plastic bags for further
analysis. Ten staples were taken randomly from each
wool samples to measure staple length to the nearest
mm using a ruler. Length measured from the bottom
until the dense part of the staple. Clean scoured yield
was calculated using the method suggested by
Chapman (1960). Five hundred fibres from each
sample were used to estimate the average fibre
diameter and its distribution percentage.

The histological, histochemical and fibre diameter
measurements were undertaken by using an image
analyzer software (Zen, 2012, Blue edition) and
device (Carl-Zeiss Micro Imaging G and bH) with
lenses 10/0.847 and 40/0.65.

Data were statistically analyzed by SAS (2004)
using general linear model procedure (GLM)
classification, followed by Duncan Multiple Range
Test to examine the significance between means.

RESULTS AND DISCUSSION

The development of feeding strategies for fibre-
producing animals requires consideration of the basic
biology of fibre production in addition to awareness
of changes in physiological state. Provision of dietary
nutrients may expected to influence fibre growth
indirectly by altering concentrations of circulating
hormones and numbers and receptivity of cellular
receptors or directly by providing components for
cellular and extra-cellular structure, oxidisable
energy or catalysis in the follicle system.

Homeostatic considerations and those associated
with genetically determined partition of absorbed and
circulating nutrients (including competition between
other integumental and non-integumental tissues) are
also, being expected to apply. Such direct or indirect
influences particularly in the context of fluctuating
nutrient supply may modulate the behavior of the hair
follicle cycle and alter fibre production by increasing
rate of matrix cell proliferation and /or post-mitotic
hypertrophy in anagen follicles.

Histologically, the vertical differentiation of the
wool follicle was composed of several zones. The
bulb, the =zone of active cell division, the
keratogenous zone in which the elongation of cells
takes place (Fig. 1) and the final zone in which the
follicle glands (sebaceous and sweat) open (Fig. 2).
From the outermost aspect of the follicle the
histological structures are: the outer root sheath
consisting of several cell layers and the innermost
adjacent to the inner root sheath is called the
companion layer (Fig. 1).
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Figure 1. Longitudinal section in the wool follicle
of Barki ewes showing its different zones. Bb,
Bulb; Kr, Keratogenons Zone; I, Inner root
sheath; O, Outer root sheath. (HX.E., X40)

The use of feed additives (propionibacteria) and
salt plants in sheep nutrition showed a significant
effect on the wool follicle dimensions which might
mean affecting its activity. The changes in the
external and internal diameters and wall thickness of
both primary and secondary wool follicles were
demonstrated in Table (1) and Figure (3).

Significant differences occurred between the
experimental groups, where the (S) group showed the
lowest (P<0.05) dimensions of primary follicle
(139.714£5.25um external diameter and
67.85+£3.45um internal diameter) as shown in Table
(1). The usage of propionibacteria in group (P)
increased  (P<0.05) the external diameter

Figure 2. Vertical section in the skin of Barki
ewes showing longitudinally upper zone of
wool follicle with sweat gland duct (Sw) and
sebaceous gland (Sb). (HX. E., X 40)

(155.88+4.67) and non-significantly the internal
diameter (63.91+£3.07um) of the primary follicles.
Concerning wall thickness of the primary follicles,
significant the animals of control group showed
higher values (C) (95.92+3.11um) followed by (P)
group (91.9743.18um) while group (S) had the
lowest values (71.86+3.57um) (Table, 1).

These results of primary follicle dimensions
demonstrated that the feeding salt plants and
administration of propionibacteria increased at a limit
the size and activity of the primary follicles, which
would reflected on wool production. Adding salt
plants only to the diet was of negative effect (Fig. 3).

Table 1. Mean values (=SE) of external and internal diameters and wall thickness of both primary and
secondary wool follicles in the skin of Barki ewes under different feeding treatments

Follicle dimensions Feeding treatments Primary follicle Secondary follicle

C 169.01+4.58" 79.67+2.69"
External diameter (um) S 139.7145.25° 75.35+2.08"

P 155.88+4.67" 84.20+2.38"

C 73.09+£3.01° 29.29£1.15°
Internal diameter (nm) S 67.85+3.45" 24.06+0.89°

P 63.91£3.07° 34.05£1.01°

C 95.92+3.11% 50.38+£2.17%
Wall thickness (um) S 71.86+3.57° 51.29+1.68"

P 91.97+3.18" 50.15+£1.92%

C, control; S, salt plants; P, propionibacteria.

In each parameter, means within the same column followed by different letters differed significantly (P<0.05).
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Figure 3. The external and internal diameters and wall thickness of primary and secondary wool follicles
in the skin of Barki ewes under different feeding treatments. C, control; S, salt plants; P, propionibacteria

The results of secondary follicles in Table (1)
showed a greatest benefit of propionibacteria
represented as a significant increase in the values of
the external (84.20£2.38um) and internal
(34.05£1.01pm) diameters which exceeded the
values of the control group (79.67+2.69um and
29.29+1.15um) respectively. Wall thickness of
secondary follicles had no significant difference in
relation to different feeding treatments (Fig. 3).

Abdelaziz et al. (2000) stated that wool growth
fluctuated with varying levels of nutrition and this
was seen in variations in length and diameter of the
wool fibres. Thus, the intake of energy and protein
above that required for the maintenance led to the
formation of body protein and enhancement of wool
production. Wool growth can only take place if the
necessary precursor materials which supplied to the
follicles and both nutrition and metabolic rate may
limit this. In another studies by Cottle (1988), Rafat

and Shodja (2004) follicle activity were affected by
the level of energy and protein in diets. In the present
study, animals fed salt plants showed a significant
decrease in all primary and secondary follicles
dimensions reflecting some causes of the problems
represented in the anti-nutritional factors like
Tannins, Saponin and Flavonoids and the reduction
in crude protein and organic matter in this plants. The
use of propionibacteria improved the primary follicle
dimensions and largely the secondary ones. These
dimensions increments might been attributed to the
increase in feed utilization efficiency. In agreement,
Abdel-Salam et al. (2014) stated that Synbiotic
supplementation orally might enhance the feed
efficiency of lambs. Russell and Wilson (1996)
reported that response of lambs to probiotic
supplementation might be due to improving fibre
degradation. Higher consumption and higher feed
utilization was been shown as a result to adding
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probiotic (Antunovic et al, 2006). Sarwar et al.
(2010) found that probiotic supplementation
improved weight gain of growing lambs. In addition,
Khalid et al. (2011) reported that lambs fed diets with
probiotic had improved weight gain and they pointed
out that improving might be depending upon
probiotic rate or level. Also, the inclusion of
propionibacteria in the diet increased the molar
proportion of propionate in rumen fluids, which
might support the follicle growth rate and activities.
In addition, the increase in follicle dimensions in the
group (P) could be histologically attributed to the
morphological changes in the connective tissue
sheath which accompanied that the follicles during
the activity periods (Montagna and Ellis, 1958). They
added that during activity, the outer root sheath
showed an increase in its thickness due to large
number of cell layers leading to be relatively layer
fibres. Mahgoubet al. (1974) stated that the relation
between both size and activity of the follicles was
mostly quantitative. They demonstrated that in case
of inner root sheath the only difference between
small and large follicles seemed to be in the size of
the cells of Henle's and Huxley s layers and the inner
root sheath cuticle.

The energy and protein contents are important
quality index of diets in animal nutrition. The present
study indicated that the presence of propionates in the
diet is associated with an apparent improvement in
carbohydrate tolerance. The carbohydrates are
considered as the sign of follicle activity according to
the assumption of Montagna (1956) that the
carbohydrates in the outer root sheath is the source of
energy for protein synthesis during fibre growth. In

h
Figure 4. Transverse section in the wool follicles of Barki ewes stained with PAS method showing the
distribution of general carbohydrates in the different follicle sheaths. I, inner root sheath; O, outer

root sheath; Pr, primary follicle; Sc, secondary follicle (X400)

this study, the presence of carbohydrates in both
primary and secondary follicles (Figs. 4 and 5)
showed an increased values in (S) group followed by
both (C) and (P) groups in primary follicles (Table
2), whereas the lowest concentration of
carbohydrates was found in (P) group in the
secondary follicles. Antunovic et al. (2006) pointed
out that weaned lambs fed diet with 1% probiotics
had lower glucose concentration and they explained
this result to higher fibre digestion leading to more
production of ketogenic moieties. The same authors
reported that adding probiotic to diet resulted in
increasing bacterial count, which leads to produce
protein by bacteria. On the other hand, the inclusion
of synbiotic to the fructose oligosaccharides (FOS),
terpenoids, saponins, tannins, alkaloids and dietary
fibres make them ready to be metabolized in the
rumen media of lambs and could enhance the
production of volatile fatty acids which are of first
priority for the animals as a source of energy
absorbed from the ruminal mucosa (Al-Sobayil ef al.,
2008 and Abdel-Salam et al., 2014). Mannus and
Boda (1965) stated that propionate was been
documented to be gluconeogenetic in ruminants.
However, a recent publication showed decrease
fasting serum glucose and reduced maximum insulin
increments during glucose-tolerance tests after the
consumption of sodium propionate. Also, Todesco et
al. (1991) concluded that sodium propionate reduces
the postprandial glucose response and these are also
longer-term effects on carbohydrate metabolism
resulting in improved glucose tolerance, which may
result from adaptation in the absorptive capacity.
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Figure 5. Average optical density values of general carbohydrates in the outer and inner root sheaths of
both primary and secondary follicles in the skin of Barki ewes under different feeding treatments.
C, control; S, salt plants; P, propionibacteria

Table 2. Mean optical density values (=SE) of different histochemical reactions in the wool follicle sheaths
of Barki ewes under different feeding treatments

Histochemical feeding Primary follicle Secondary follicle
parameters treatments O.r.sh L r.sh O.r.sh L r.sh
Carbohydrate C 0.47i0.oo7‘a’ 0.46i0.005: 0.52ﬂ:0.007: 0.501:0.006:
substances S 0.51£0.007"  0.49£0.005'  0.56+0.007 0.53%0.006
P 0.48+0.007 0.46+0.005 0.47+0.007°  0.42+0.006°
C 0.50£0.010°  0.49+0.010°  0.49+0.010°  0.44%0.010°
General proteins S 0.54+0.013°  0.52+0.012°  0.55+0.010°  0.54+0.010°
P 0.60£0.010°  0.58+0.010°  0.62+0.010°  0.57+0.010"

C, control; S, salt plants; P, propionibacteria; O. r. sh, outer root sheath; I. r. sh, inner root sheath.
In each parameter, means within the same column followed by different letters differed significantly (P<0.05).

Generally, the wool follicle have evolved a
number of interesting features of carbohydrate
metabolism  including  glutaminolysis, aerobic
glycolysis, significant activity of the pentose
phosphate pathway, and storage and mobilization of
glycogen. Presumably, the necessity to continue to
produce fibre despite fluctuations in the supply of
oxygen and nutrients has reduced in some of these
unique features, while others reflect the high level of
DNA and protein synthesis occurring in the follicle.
However, Todesco ef al. (1991) concluded that the
amount of anaerobic bacteria, the ratio of anaerobes
to aerobes, and the number of bifidobacteria
increased significantly during propionate feeding.

Protein is usually the most expensive part of the
diet of sheep. Since the rumen synthesize protein
from amino acids, the quantity of protein is more

important than quality of protein. The distribution of
the general proteins as demonstrated by the
bromophenol blue stain in wool follicles of the
different groups showed that both outer and inner
root sheaths of the wool follicles possessed high
amounts of proteins (Figs. 6 and 7). In comparison
between the experimental groups (Table 2), the (P)
group showed the highest significant protein contents
in the outer and inner root sheaths of the primary
follicles (0.60+0.010 and 0.58+0.010) respectively.
The results of the protein contents in the secondary
follicle sheaths confirmed this concept and recorded
the highest values (0.62+0.010 and 0.57+0.010) of
protein contents in the animals had propionibacteria
in their diets in both outer and inner root sheaths
respectively.
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Figure 6. Transverse section in th wool follicles (.)f Barki evw;es stained with bromophenol blue showing
the distribution of general proteins in the different follicle sheaths. I, inner root sheath; O, outer
root sheath; Pr, primary follicle; Sc, secondary follicle (X400)

0.7

0.6

0.5

0.4

0.3

0.2

General proteins (0.D)

0.1

Primaryfollicle

uC
=
uF

Secondary follicle

Figure 7. Average optical density values of general proteins in the outer and inner root sheath of both
primary and secondary follicles in the skin of Barki ewes under different feeding treatments. C,

control; S, salt plants; P, propionibacteria

Animals fed salt plants in (S) group recorded the
intermediate values of the protein content in the outer
and inner root sheaths of both primary and secondary
follicles (0.54+0.013, 0.52+0.012 and 0.55+0.010,
0.54+0.010), respectively. These results reflect the
effect of the anti-nutritional factors in the salt plants
on the wool follicle activity. Consequently, the
decrease in crude protein in these plants might be
affected wool production and yield as represented by
Helal and Fayed (2013). Also, Morcombe et al.
(1994) reported that sheep fed on saltbush pastures
had low wool quality and this might be due to the
restriction effect of tannins on amino acid and

sulphur metabolizable
synthesis.

The findings in Table (2) approved that the
microbial protein synthesis in the rumen and its
availability for digestion and absorption in the
intestine is most closely related to the intake of
digestible energy by the animal than to the protein
content of the diet. On another point of view, Sahoo
and Soren (2011) stated that although wool growth
increased with increasing digestible organic matter
intake, its effect is consistent with its probable effect
on microbial protein synthesis in the rumen. Thus, it
would appear that apparent response in wool growth

availability for protein
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to an increase in organic matter or energy intake is to
the increased supply of microbial amino acids
reacting the lower gastro intestinal tract. So, in the
absence of unfermented or escape dietary protein, it
appears that the supply of sulphur-amino acids from
microbial protein is the primary factor limiting wool
growth. In addition, supplementation of probiotic to
the diet can enhanced the consumption of feed and
absorption of nutrients (Whitley et al., 2009) and
consequently improved animals' performance.

Table (3) and figure (8) reflect these concepts by
showing the mean diameters of fibres produced from
both primary and secondary follicles measured from
histological preparation of different experimental
groups of sheep. The mean fibre diameters decreased
significantly in the (S) group than in the (C) group
being 57.79£2.91um vs. 49.83+3.33 pum in the
primary follicles and 22.54+1.00 um vs. 16.98+0.77
pm in the secondary follicles. In agreement, Hunter
et al. (1990) reported a reduction in fibre diameter of
up to 40% in nutritional stressed animals. Also, Helal
and Fayed (2013) stated that using Halophytes in
animal feeding significantly depressed the wool fibre
characteristics. Moreover, feeding sheep on fresh
Halophytes caused reduction in N digestibility and
decreased wool growth and yield, as well as sulphur
absorption (Prichard et al., 1988).
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The supplementation with Propionibacteria in (P)
group of sheep recorded a significant increase in the
diameters of fibres produced from the secondary
follicles (24.57+0.88 pm) exceeded the control group
(Table 3) while in primary follicles, the changes in
fibre diameter were unnoticed. Confirming this,
Khalid et al. (2011) found that addition of probiotic
in the diet of lambs has been reported to improve
growth performance and feed conversion. Also,
Abdel-Salam et al. (2014) showed that the synbiotic
supplementation had highly significant effect on
wool diameter.

Table 3. Mean diameter values (+SE) of fibres
produced from both primary and secondary wool
follicles in Barki ewes under different feeding
treatments

Feed . Secondary
treatments Primary fibres fibres

C 57.79+£2.91° 22.54+1.00%

S 49.83+3.33" 16.98+0.77°

P 48.65+2.97° 24.57+0.88°

C, control; S, salt plants; P, propionibacteria.
Means followed by different letters differed significantly
(P<0.05)

mprimary

msecondary

P

Figure 8. Mean diameters of wool fibres produced from primary and secondary follicles in the skin of
Barki ewes under different feeding treatments. C, control; S, salt plants; P, propionibacteria

The various nutritional levels in the different
experimental groups had no significant effect on the
medulla thickness of the wool fibres (Table 4).

Table 4. Mean values (+£SE) of medulla thickness
in wool fibres of Barki ewes under different
feeding treatments

Feed treatments Medulla thickness
C 39.83+1.87*
S 34.85+3.11%
P 39.78+2.62°

C, control; S, salt plants; P, propionibacteria.
Means followed by different letters differed significantly
(P<0.05)

Mc-Gregor (1984) reported that a lower level of
nutrition was associated with an increased medullated
fibre content of the fleece, although this not found by
latter studies by Bigham et al. (1990). In a review of
factors influencing the degree of medullation, Lupton
et al. (1991) concluded that nutrition has little if any
effect on the incidence of this undesirable
characteristic. This was in agreement with the results
on sheep in the present study as shown by Table (4).
Also, Scobie et al. (1998) concluded that the
proportion of medullation in Romney wool could
vary independently than average fibre diameter.
Studies on the wool fibres in the present study
was coincident with the previous results throughout
Table (5) which indicated that group (P) (27.97+1.92
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um) was slightly higher than the control group
(27.36+1.92 um) in fibre diameter and both of the
two groups were higher than group (S) (24.32+1.92
um). This was attributed to the increased coarse and
kemp fibre percentages in (P) group which given
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propionibacteria while ewes fed salt plants showed
the lowest percent. Table (5) also showed that staple
length was longer in group (P) and control group than
in (S) group (4.22+0.44, 3.95+0.44 vs. 3.60+0.44 cm)
respectively.

Table 5. Mean values (£SE) of wool weight, clean wool yield%, fibre diameter, staple length and fibre
type ratio (%) of Barki ewes under different feeding treatments

Wool characteristics C S P
Wool weight (gm/cm®) 0.020+0.005% 0.022+0.005% 0.034+0.005%
Clean wool Yield % 70.64+4.83% 71.83+4.83% 75.93+4.83%
Fibre diameter (um) 27.36+1.92% 24.32+1.92° 27.97+1.92°
Staple length (cm) 3.95+0.44° 3.60+0.44% 4.22+0.44°
Fine fibres % 57.86+6.92% 67.33+6.92% 54.54+6.92%
Coarse fibres % 33.17+4.25% 26.02+4.25° 34.16+4.25%
Kemp fibres % 8.97+3.12° 6.64+3.12% 11.30+3.12°

C, control; S, salt plants; P, propionibacteria.

Means followed by different letters differed significantly (P<0.05)

Wool was defined as protein fibre affected
significantly by both feed quality and quantity. The
decrease in digestible crude protein in animals fed
salt plants in (S) group compared with those of (P)
group might be affected greasy wool production
represented by wool weight (gm/cm2) and yield %
(Table 5). Generally, the increase in wool production
in group (P) is a result of increasing both fibre
diameter and staple length and this was in accordance
with (Abdel-Salam et al., 2014).

The challenge of applied nutrition in vivo would
appear to be to create conditions in the digestive tract
and post-absorptively to deliver such concentrations
to the cells and extracellular components of the
individual follicle.

The ingredients of probiotics are mainly lactic
acid bacteria (Lactobacillus  acidophilus and
Bifidobacteriumbifidum) which proved to enhance
the functions of the lower gut (Rafter, 2003).
Additionally, there might have a synergistic effect
between these bacteria and rumen microorganisms to
enhance their functions in rumen absorption. Also,
some lactic acid bacteria have been shown to increase
colonic NADPH- cytochrome P-450 reductase
activity (Pool-Zobel, 2005) and glutathione S-
transferase levels (Challa et al., 1997). Obviously,
these enzymes, which improved in several metabolic
processes including increased absorption and
utilization of nutrition, might enhance such
physiological functions in the treated animals.

Several areas were highlighted in which more
information is needed regarding the effects of
nutrition, and other environmental factors, on the
quantity and quality of wool produced by Barki
sheep.

Nutritional augmentation of wool production can
never be economical in real terms, although it
significantly affects wool yield and quality.
Moreover, any supplemental nutrition has got
concurrent bearing on growth and performance and
these in totality has influenced economic return from

sheep production through narrower input: output ratio
and increased profitability.
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