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ABSTRACT

The aim of study was to investigate the effect of different types of roughage (hay, green and silage) and yeast
added to the barley grain on the productive performance of the Barki ewes during the gestation and suckling
periods. Eighty-four Barki ewes, 3-4 years of age and 42.93+0.19 kg of average body weight, were randomly
assigned to six groups (14 ewes in each) before the mating season. A factorial design was used for 3 x 2
treatments based on Berseem hay (BH), and either fresh Atriplex halimus (FA) or silage (AS) in the absence
(Y-) or presence (Y*) of 5g/ewe/day of the dry yeast. All ewe groups recorded gain in their live body weight
(LBW) during early and late gestation period. The highest loss in LBW was recorded for BH and Y+ during the
suckling period. The AS was the highest consumed roughage followed by BH and then FA during the gestation
and suckling periods. The addition of yeast (Y*) resulted a reduction of roughage intake than control one (Y-)
during both gestation stages but the total milk yield (TMY) was significantly higher for BH followed by FA and
AS. Also, Y* significantly increased (P<0.05) the TMY (423) compared to Y- (384) treatment. Milk fat content
was not affected by roughages type, yeast addition or their interaction. However, milk protein content was
significantly higher for BH (5.14%) than the other types of roughage. Silage (AS) was better than other
roughages in conversion efficiency to milk and also Y+ was better than Y- Yeast addition to ewes diets
increased birth weight of their lambs compared to un-supplemented one (Y-). It could be concluded that
weaning weight relative to that in hay group was 93.6% and 80.4% for AS and FA, respectively. Generally,
adding yeast to different roughage diets during suckling period led to a significant increase in weaning
weight. Furthermore, the economic efficiency (EE) was higher (P<0.05) in both FA and AS compared to BH.
Also, yeast addition (Y*) resulted in higher EE (P<0.05) in compared to Y-.
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Abbreviations: BH: Berseem hay; FA: fresh Atriplex halimus; AS: Atriplex silage; Y*: dry yeast addition; Y without yeast.
TMY: The total milk yield; LBW: live body weight; DM: dry matter; TDN: total digestible nutrients; DCP: digestible crude
protein.

INTRODUCTION

In Egypt, barley (Hordeum vulgare) is grown as a main crop in the North Western Coastal Region (NWCR) in about 63000
ha under rain-fed condition and in about 55000 ha in the Nile Valley under irrigation system (Kewan et al., 2009). Barley
is mainly used either in the grain form as an energy supplement or straw as a roughage part of animal diets (Bonavia and
McGregor, 2021).

The range vegetation is considered the basic source of ruminants feed in NWCR. Atriplex species are common
fodder plants in the arid and semi-arid regions (Alhanafi et al.,, 2019). Because of its tolerance to drought and salinity
conditions, they grow in saline soil or irrigated with saline water, and can play an important role in livestock feeding (Ben
Salem et al., 2010). Atriplex species could provide green biomass during the drought season and maintain a relatively
moderate crude protein (CP, ranging 10.3-25.2% of dry matter content) throughout the year albeit having low energy
content (Ben Salem et al., 2010). In general, Atriplex is characterized by high mineral concentration but digestible ether
extract and soluble carbohydrates are low (Ben Salem et al., 2002). Deficiency of available carbohydrates and the rapid
fermentation of the saltbushes CP in the rumen may be responsible for the poor utilization of their protein as judged from
the large losses of nitrogen in urine (Ben Salem et al., 2010). They reported that feeding on Atriplex solely adversely
affects the general condition of sheep and goats with more pronounced effect on sheep. Coordination between the level
of dietary readily available carbohydrates and ruminal-nitrogen is suggested to maximize the utilization of dietary nitrogen
by micro- organisms (El Shaer and Gihad, 1994). Barley grains as energy supplement was suggested to stimulate saltbush
intake and to correct the loss of ruminal ammonia (Shawket, 1999b). In the NWCR of Egypt, Bedouin grow rainy fed
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barley, which successfully used as a supplementary feed for livestock grazing the native rangelands in these areas
(Shawket, 1999a). Ensiling process improves halophytes acceptability and consequently increases both of intake and of
digestibility by ruminants. These results are of great importance towards making best use of available unpalatable desert
shrubs as animal feeds specially for desert sheep and goats (Kewan et al.,, 2019). Various dietary additives, dry yeast
(Saccharomyces cerevisiae) in particular, are widely used in ruminant diets modulate rumen metabolism, which
ultimately improves nutrient use and animal performance (Shurson 2018 and Maamouri and Ben Salem, 2021).
Enhancing feed quality and utilization by using certain feed additives may be considered a partial vertical solution to the
problem of negative feed balance of total digestible nutrients (TDN) and digestible crude protein (DCP) which stated for a
long period in the animal production sector of Egypt (Kewan et al., 2021b).

Nutrition during maternal and suckling periods is potential means of improving farm profitability and ewe lifetime
performance. Therefore, this experiment was conducted to evaluate the effect of different types of roughage (hay, green
and silage) and yeast added to the barley grain on the productive performance of the Barki ewes during the gestation and
suckling periods. The investigated responses of ewes to roughage forms and yeast addition were as follows: ewe Body
weighty, body-weight changes, feed intake and feed conversion ratio, milk production, nitrogen and water metabolism,
rumen fermentation, Blood biochemical composition, performance of suckling lambs.

MATERIALS AND METHODS

Ethical approval
All processes of the study were in according to animal welfare rules and approved by DRC ethical committee.

Animals and management

The current experiment was conducting in Maryout Research Station, Desert Research Center during the year 2018.
A total number of eighty-four Barki ewes, aging about 2-4 years and with average body weight of 42.93+0.19 kg were
chosen from ewes flock before the mating season. Ewes were randomly assigned to six groups (fourteen ewes in each) in
a 3 x 2 factorial design to examine effects of different forage types and yeast addition on ewes body weight changes
during gestation and suckling periods, milk production and their offspring performance. The experimental period
represents the reproductive and productive cycle of the ewe i.e., mating, gestation and suckling periods. Six fertile Barki
rams were used for mating; one of each ewe-group. Rams were allowed to rotate among different ewes groups to avoid
ram/group confounding effect. The mating period lasted for 35 days (nearly two estrous cycles) after which the rams
were separated from the ewes. Estrous was detected by means of colored grease on the ram brisket. Ewes were checked
daily as defined by marking with the ram and the service was then recorded. Colors used were changed weekly. Ewes
were weighted before joining and at biweekly intervals thereafter.

Diets and feeding

The experimental groups of animals were housed and fed separately in six pens and each treatment was fed in
group. Crushed barley grains was used as concentrate supplement for all ewes throughout the experiment. The barley
grains was offered daily in equal two meals (09:00 AM and 14:00 PM) to cover 75% of total energy requirements of ewes
based on their physiological stage (Kearl, 1982). Berseem (Trifolium Alexandrinum) hay (BH), and Atriplex halimmus as
fresh (FA) or silage (AS) forms were offered ad-lib to cover the remaining requirements of the ewes according to their
physiological condition. Dry yeast (Saccharomyces cerevisae; 10° cfu/g) was used as a feed additive to investigate its
effect on the utilization of forages. The investigational diets were as follows:

1) Barley grains without yeast addition + BH ad lib, (Diet BHY").

2) Barley grains supplemented with 5 g yeast/head/day + BH ad lib, (Diet BHY*).

3) Barley grains without yeast addition + fresh Atriplex (FA) ad lib, (Diet FAY").

4) Barley grains supplemented with 5 g yeast/head/day + fresh Atriplex (FA) ad lib, (Diet FAY*).

5) Barley grains without yeast addition+ Atriplex silage (AS) ad lib, (Diet ASY).

6) Barley grains supplemented with 5 g yeast/head/day + Atriplex silage (AS) ad lib, (Diet ASY*).

Ewes had free access to fresh water and salt block with mineral and trace elements. At days 76, 130 and 205 days
of the experiment, 5 ewes of each group (with their offspring in case of 205d) were moved to separate pens and fed
individually according to their feeding regimen to determine actual feed intake in the physiological stages; early and late
gestation as well as the suckling periods.

Silage preparation and assessing the quality

Leaves and succulent stems of fresh Atriplex halimus (saltbush) was collected and chopped at 2-3 cm length, then
ensiled with adding molasses at rate of five percent (on DM basis). Ensiled materials were filled in special places (3x2x2
m, each), stocked by trampling and finally covered with a plastic sheet and a 30 cm layer of sand to ensure anaerobic
fermentation for at least one month before using for feeding the experimental animals. For determination of silage
quality, 50 gm of wet silage was extracted in a blender with 100 ml of distilled water for 10 minutes. The homogenate
was filtrated through four layers of chess cloth. The filtrate was used for measuring PH, ammonia-nitrogen (NHs-N) and
total volatile fatty acids (VFAs) concentrations.
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Milk yield estimation

The total milk yield (TMY) was estimated biweekly (six records) excluding the first week after parturition. After
separation the lambs from their dams, 5 ewes from each group were milked to empty the mammary gland and milked
again after 6h to access milk yield at a 6h and the amount resulted was assumed the normal rate of milk secretion and
was extrapolated at 24h to estimate daily milk yield. An individual 200 ml milk sample was taken and preserved with 0.5
ml potassium dichromate solution (70 mg/L) then frozen at -20 °C until individually analyzed.

Performance of lambs

The born lambs were ear tagged and their body weight was recorded within 24 hours after parturition and at two
weeks intervals thereafter till weaning at 90 days of age. Thus, the growth performance (average daily gain; ADG) of
growing lambs was calculated.

Digestibility, nitrogen balance and water metabolism trials

After weaning the lambs, digestibility trials were conducted by using 4 ewes (averaged 40.87 kg +0.49 SE of body
weight) randomly selected from each group to evaluate the digestibility of nutrients, feeding values, and water intake was
determined as well. Animals were moved to separate metabolic cages and fed individually according their feeding
regimens for 15 days as an adaptation period followed by 7 days for collecting feces, urine and recording actual feed and
water intake. Soft water was available for free choice during the experimental period. Total feces and urine were recorded
daily and representative samples of about 10% were taken daily. At the end of the collection period, composited feces
samples of each animal were mixed, dried and ground for sampling. Samples of feed offered, refused and feces were
taken and stored for chemical analysis.

Rumen fermentation

On day 22 of the digestibility trial, rumen fluid samples were collected at 3h after morning feeding using a stomach
tube and strained through four-layers of cheesecloth. Ruminal pH was immediately determined using a handheld pH
meter. Then, 20 mL of the rumen fluid was acidified with 0.4 mL of 50% (vol/vol) sulfuric acid and stored at —20°C for
later analysis.

In situ evaluation of rations

Four rumen fistulated Barki rams were used to conduct the in situ OM disappearance (ISOM%) of the total mixed
rations which was previously prepared by mixing BG and roughage according to their actual intake, then 5g (2
replicates/ram) was incubated in the rumen for 24h. Microbial protein (MCP) synthesized in the rumen was calculated
depending upon ruminally digested OM along with some published figures and assumptions that was illustrated
previously by Kewan (2013).

Blood indices

Blood samples were collected from the jugular vein at the end of the digestibility trials at time O h post-feeding.
Blood was collected into clean test tubes with anticoagulant (EDTA). Blood samples were centrifuged at 3000 rpm for 20
minutes to obtain plasma that were frozen at -20°C for late biochemical assay. Plasma concentrations of Glucose (glu),
total proteins (TP), albumin (Alb), Urea, Creatinine (Cr) and Creatinine clearance (CC) were assessed calorimetrically using
commercial chemical reagent kits (Bio-diagnostic product Kit, Egypt).

Chemical analysis

The official methods of AOAC (2005) were used for the determination of dry matter (DM), crude protein (CP) ether
extract (EE) crude fiber (CF) and nitrogen free extract (NFE) in feeds, refusal if any and fecal samples. Milk samples were
analyzed for total solids (TS), protein, fat and ash using the methods of (AOAC, 1984). The rumen fluid samples were
analyzed for ammonia-nitrogen (NH3-N) and total volatile fatty acids (TVFA) according to Preston (1995) and AOAC (1997),
respectively.

Calculations and statistical analysis
Energy corrected milk (ECM) was calculated using the formula of Bernard (1997):

ECM (kg) = (0.3246 x milk yield) + (12.86 x fat yield) + (7.04 x protein yield). (1)
Milk energy value (MEV) was calculated according to Baldi et al. (1992): (2)
MEV (kcal/kg) = 203.8 + (8.36 x fat%) + (6.29 x CP%). 3)
Creatinine clearance, ml/min = (mg Cr per dl urine x ml urine per 24 hr) / (mg Cr per dl plasma x 1440). 4)

Because of Barki ewe, consider as mutton ewe so milk conversion efficiency (MCE) was calculated assuming
suckling milk (SMY) equals total milk yield (TMY) as reported by Morag (1973).

MCE = TMY/ ADG (5)
The data of present experiment were statistically analyzed by two-way analysis of variance using the General Linear
Model Procedure of the SAS software (SAS, 2002). The model used is: Yij = y + Ti + Cj + (TC)ij + eijk (6)
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where Yijk= individual observation; y = the overall mean; Ti = the fixed effect of forage type; Cj = the fixed effect of
yeast addition; (TC)ij= the interaction between the two factors and eijk = random error. Tukey’s range test was used to
compare differences among treatments.

RESULTS AND DISCUSSION

Chemical composition

The chemical composition of feed ingredients and characteristics of Atriplex silage are presented in Table 1. The
data indicated that Atriplex as fresh forage had lower dry matter (DM) content (23.82%) compared to that of silage forage
or Berseem hay (39.29 and 78.14%, respectively). Silage forage had lower CP, CF, ash and NDF but higher OM, NFE and
cellulose than fresh forage. Berseem hay had higher CP and ADF but lower hemicellulose content than Atriplex hay or
silage. In this regard, BH is considered as high quality forage while Atriplex halimus is considered as poor quality forage.

The high level of ash in Atriplex (21.62%) may decrease the ME content of to be low as relative to that of Berseem
hay (Ben Salem et al., 2002), otherwise may force the animals to consume much water with consequential influences on
rumen functions (Shawket et al., 2015). Protein content of Atriplex was somewhat high (14.92%) but does not fully
account for their nutritive value as protein supplements, where about 66% of total N in Atriplex was soluble and
degradable in the rumen as reported by Ben Salem et al. (2002). The present values of cell wall content of Atriplex foliage
are around the range of that reported in other fodder shrubs by Ben Salem et al. (2010) which was 30-45% for NDF, 15-
29% for ADF and 6-14% for ADL. Barley grain is highly starch feed (Khattab 2007) so its NFE content is 75.31%. The
values of chemical composition of FA, AS and BG in this study are nearly similar to those obtained by Abd EI-Rahman et
al. (2004) and Shawket et al. (2015). The proximate composition of the bakery's yeast biomass (Saccharomyces
cerevisiae) presented in Table 1 is characterized by high content of protein (42.28%) and ash (7.99%). The CF content was
low being value 0.51%. Total carbohydrates (49.02%) represent nearly half of the dry biomass. The present results agree
with those recently reported by Kewan et al. (2021b), which were 45.72, 6.79, 2.51, 45.72% for CP, ash, CF and NFE,
respectively. The fermentative characteristics of the ensiled Atriplex (Table 1) indicated that pH value, NHs-N and TVFA
concentrations were in acceptable values for good quality silage and were comparable with that found by Shawket et al.
(2015) and de Araijo et al. (2018).

Table 1 - Chemical composition of feeds and characteristics of Atriplex silage

‘tem  BH FA = AS = BG  Yeast
DM% 78.14 23.82 39.29 87.50 91.00
Nutrients % based on DM basis:
oM 85.54 78.38 80.76 96.05 92.01
Ash 14.46 21.62 19.24 3.95 7.99
CP 16.10 14.92 13.28 9.94 42,28
CF 25.34 23.32 19.18 7.31 0.51
EE 2.06 1.71 1.72 3.49 0.20
NFE 42.04 38.43 46.58 75.31 49.02
NDF 49.64 48.27 41.16 26.26 -
ADF 43.16 32.88 30.79 6.26 -
ADL 10.04 11.76 10.43 4.17 -
Hemi-cellulose 6.48 15.39 10.37 20.00 -
Cellulose 33.12 21.12 20.36 2.09 -
Characteristics of silage:

pH - - 4.59 + 0.10 - -
TVFA, meq/100 g - - 14.27 + 1.04 - -
NH3z-N, mg/100 g - - 4.05 + 0.18 - -

BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage, BG: barley grain; DM: dry matter; OM: organic matter; CP: crude protein; CF: crude fiber; EE: ether

extract; NFE: nitrogen free extract; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin; TVFA: total volatile fatty acids; NHs-N:
ammonia-nitrogen.

Body weight changes of ewes

Body weight changes of ewes at starting of the experiment, at 90 and 150 days of gestation and suckling stage are
presented in Table 1. The LBW of ewes increased to the maximum just before lambing (at 150 days of pregnancy) and
sharply decreased (post-lambing) to the minimum at 90 days post-lambing (weaning) in all groups. Concerning the effect
of the treatment, results revealed significant differences among groups in LBW of ewes at 150 days of gestation owing to
the type of roughages intake being the highest value recorded for AS group but BH was the lowest. In contrast with the
present findings, EL-Gohary et al. (2017) showed insignificant influence of feeding tanniniferous plants shrubs (Atriplex,
Acacia and Cassava) as alternatives to BH on LBW of Barki ewes. The same direction obtained by EL-Saadany et al.
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(2016) who recorded insignificant differences among different experimental groups (Acacia, Atriplex and Cassava vs.
Berseem hay) in LBW of Barki ewes during the 15 days pre-partum, at lambing and at 60 days post-partum.

Supplementation with dry yeast (Table 2) had positive effect (P<0.05) on ewes body weight at 90 and 150 d of
gestation as compared to the un-supplemented one, however no significant effects were observed at 2 and 90 d post
lambing. In this concern, Shawket et al. (2015) found had no significant effect on the LBW of ewes at weaning; 45.09,
44.04 and 44.60 kg for dams received control, fresh and silage diets, respectively. Furthermore, Abdel-Gawad (2012)
found that LBW of Rahmani ewes was not significantly affected at 150 days of pregnancy or 60d post-lambing as a result
of using Lacture dried yeast at levels of 1 or 2 g/head/d.

Also, the interaction between roughage types and yeast addition (Table 2) follows the same significant pattern of
yeast effect being AS* group showed the highest (P<0.05) value compared to the other groups. In addition, the results
may indicate that both treatments (R and Y) and their interaction did not affect nutrient requirements of ewes at 2 up to
90d post-lambing as their LBW was similar (Table 2).

Body weight gain (Table 2) was revealed during the early and late gestation periods. The highest values recorded in
the early gestation period belonged to BH (2.76 kg), Y* (2.97 kg) and ASY* (3.45 kg) groups within R, Y and R*Y
treatments, respectively. However, the highest values recorded in the last gestation period were for AS (7.31 kg), Y* (7.30
kg) and ASY* (8.30 kg) groups within R, Y and R*Y treatments, respectively. It is of interest that body weight increased
during the early stages of preghancy, which may refers to the poor body condition score of ewes at the start of
experimentation. In addition, the differences in weight gain at late gestation stage may be attributed to litter size of ewes
in each group. On the other hand, body weight loss (Table 2) was revealed at 2 days post-lambing mainly due to losing
placenta and embryonic membranes as well as lamb were born. It is of interest that AS, Y* and ASY* showed the highest
loss value (6.56, 6.32 and 7.30 kg, respectively) within R, Y and R*Y treatments, respectively. The present result were
lower than that reported by Shawket et al. (2015) who recorded 13.60, 10.86 and 10.02 kg weight loss in ewes fed
control, Atriplex+Acacia either fresh or silage, respectively.

Nevertheless, high milk production by ewes and/ or high barley consumption by offspring at 2 months of age may
cause high loss in ewe LBW as observed in BH (2.54 kg) and Y* (2.59 kg) within R and Y treatments, respectively (Table
2), but for the interaction treatments, the BHY* (2.81 kg) and FAY* (2.70 kg) were higher than the other treatment groups.
These findings were in accordance with results reported by Shawket et al. (2015) who found Barki_ewes fed control, fresh
and silage foilage lost 6.14, 4.54 and 2.95 kg, respectively throughout 16 weeks as suckling period. However, Ben Salem
et al. (2010) attributed the loss of the body weight of sheep fed Atriplex to its low contents of energy and true protein
otherwise high salt and oxalates.

Table 2 - Ewes body weight changes during different periods of gestation and suckling stages

E Ewes body weight Body weight gain Body weight loss
Treatment No (kg) (kg) (kg)
od 90d-G 150d-G 2d-PL 90d-PL 90d-G 150d-G PL SP
BH 28 42.752 45.51a 49.41> 43.75a 41.21a 2.762 6.66°¢ 5.66P 2.54a
R FA 28 42.892 45.402 49.7020 44.12a 41.83a 2.51¢ 6.81° 5.58p 2.29p
AS 28 43.15° 45.82a 50.462 43.89a 41.71a 2.67b 7.312 6.57a 2.18b
Y- 42 42.81a 45.14» 49.37° 43.81a 41.72a 2.33p 6.56P 5.56P 2.09p
Y Y+ 42 43.052 46.022 50.35a 44.03a 41.44a 2.97a 7.302 6.32a 2.59a
BHY- 14 42592 45.21% 48.94b 43.60a 41.33a 2.62¢ 6.35¢ 5.34¢ 2.27b
BHY+ 14 42.91a 45.81ab 49.88r 43.902 41.092 2.90b 6.97b 5.98p 2.81a
R*Y FAY- 14  43.072° 45.03b 49.57» 44.07a 42.19a 1.96¢ 6.50d 5.50de 1.88¢
FAY* 14 43.232 45.7620 49.830 44,172 41.47a 2.53¢ 6.60d 5.66¢d 2.70a
ASY- 14 42.762 45.17ab 49.59b 43.762 41.642 2.41d 6.83¢ 5.83be 2.12b
ASY+ 14  43.022 46.47a 51.322 44.02a 414.77a 3.452 8.302 7.302 2.25b

R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y no yeast; Y*: with yeast; R*Y: interaction between roughage and

yeast addition. E-No: ewes number; D: day; G: gestation; PL: post lambing or Parturition; 90d PL= 90days post lambing (weaning day); SP:
suckling period. &b ¢ Means within column within treatment with different superscripts differ significantly (P < 0.05).

Feed intake

Data on barley and roughage intake by Barki ewes are presented in Table 3. Roughage type affect significantly
(P<0.05) on roughage intake (as DM basis or as a percent of total intake) during both gestation (early 90d and late 60d)
and suckling (90d) periods. Where AS was the highest consumed roughage followed by BH and then FA throughout the
gestation and suckling periods. The lower intake of Atriplex (FA) compared to AS or BH was expected and can be
attributed to its high salt and ADL contents (as shown in Table 1) that may have negative effects on palatability, digestion
and rumen fill (Khattab, 2007, Fayed et al., 2010, Shawket et al., 2015 and Askar et al., 2016). On the other hand,
higher intake of silage diet compared to fresh or hay diets may be attributed to better taste and palatability as well as
lower content of secondary metabolites (Abu-Zanat and Tabbaa, 2003) and higher availability of nutrients as result of
ensiling process (Khattab 2007).
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The addition of yeast (Y*) resulted in a reduction of roughages intake than control one (Y-) during both gestation
stages but, they were comparable during suckling stage (Table 3). The reduction in roughage or total dry matter intake
could be attributed to enhancing the nutritive value therefore the same amount of required nutrients become available in
less quantity. This in contrast with results reported by Abou'l Ella (2007) and Abdel-Gawad (2012) where they found that
total dry matter intake was significantly higher with addition of dried yeast to lactating ewe's rations. However, Ahmed et
al. (2015) found no significant effect of yeast addition on feed intake for growing lambs fed 15% Atriplex +15% Acacia
+70% concentrate mixture.

On the other hand, a significant (P<0.05) interaction was detected between roughage type and yeast addition
regarding the DM of roughage intake (Table 3). The results of roughage intake showed ascending ranking values as ASY->
ASY*> BHY->BHY*>FAY->FAY". In general, the roughage intake was lower in the lactation period than in gestation period.

Silage roughage represented about 57.7 - 60.6% of the total food intake during pregnancy and lactation periods,
respectively, which reduces the cost of the ration compared to BH. It also covers the DM, energy and protein required
during pregnancy and lactation to a better degree than fresh Atriplex forage.

Yeast addition reduced the total intake during pregnancy by 3.60 - 5.32% compared to that without yeast. Generally,
variation in feed intake among groups reflects the feeding values of diets ingested. The present results of Atriplex intake
are lower than that values reported by Abu-Zanat and Tabbaa (2006) who found that DM intakes of roughages (tibin or
saltbush) averaged 0.63 and 0.70 kg DM/ewe/day for O and 100% saltbush diets, respectively. They added that the
percentages of roughages to total DMI varied from 44.1 to 51.2. Dry matter intakes relative to ewe BW averaged 2.5%
and the suggested levels of DMI for ewes weighing 50-60 kg are between 3.0 and 3.4% in the last 4 weeks of gestation
and between 3.8 and 4.2% in the first 6-8 weeks of lactation (NRC, 1985), which are well above the reported levels in our
study.

Table 3 - Barley grain and roughages intake (g DM/head/d) by ewes during gestation and suckling periods

Early gestation Late gestation Suckling period
Treatment* R% R%
BG R Total BG R Total BG R Total
BH 6662 7620 14282 534 6252 680¢ 1305 52.1 635¢ 655P 12900 50.8
R FA 596 328¢ 924b 35,5 607 459¢ 1066¢ 43.1 661> 507¢ 1168c 43.4
AS 565¢ 8492 14142 60.0 601" 9232 15242 60.6 6722 9152 15872 57.7
- Y- 6032 6752 12782 52.8 6122 7222 13342 541 649> 7022 13512 52.0
Y+ 6152 617° 1232° 50.14 6102 6530 1263 51.7 6632 6842 13472 50.8
BHY- 6612 776> 1437 54.0 6512 750¢ 1401 53.5 656 692¢ 1348> 513
BHY+* 6722 747> 14192 52,6 600 6114 1211¢ 50.5 6139 6184 1231c 50.2
RAY FAY- 570c 350c 920¢ 38.0 581° 441 1022¢ 432 634c 477F 1111¢ 429

FAY+ 622> 306¢ 928 33.0 6322 478 11109 43.1 6882 538¢ 1226c¢ 43.9
ASY- 580c 8992 1479a 60.8 604° 974a 15782 61.7 656 9362 15922 58.8
ASY+ 550c 799>  1349v 59.2 598b 871> 1469> 59.3 6892 8950 15842 56.5

R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y-: no yeast; Y+: with yeast; R*Y: interaction between roughage
and yeast addition. BG: barley grains; R%: roughage intake as a percentage of total intake. 2 2 ¢ d e f Means within column within treatment

with different superscripts differ significantly (P < 0.05).

Contribution of roughage for ewe requirements

Data in Table 4 show that AS contributed about 71.57% of the total DM requirement for ewes during early gestation
and then decreased to 56.39 and 57.95% during the late gestation and the suckling periods, respectively (Table 4). The
BH followed the same pattern but with lower values. However, FA contributes with almost similar values (from 27.86 to
31.98%) during the three periods. The addition of yeast (Y*) contribute with lower percent of DM requirement than Y-, and
in the same time both Y- and Y* was higher in early gestation period than either the late gestation or the suckling period
as shown in Table 4.

The interaction (R*Y) between roughage (R) and yeast (Y) addition revealed that yeast addition decreased the
contribution of DM in case of AS and BH than those of non-supplemented one (Table 4). However, bot FAY- and FAY*
showed unclear trend but lower in their values than that in AS and BH. Percent contribution of roughages as TDN or DCP
requirements for ewes followed the same pattern, where the higher values were recorded during the late gestation period
than the other two periods. Therefore, this may explain the reason for lower foetal gain in the present study (ranged from
5.32 to 7.30 kg) as compared to that (10.02 - 13.60 kg) reported by Shawket et al. (2015). On the other hand we can
notice that yeast addition enhanced the contribution percentage of TDN and DCP in case of both AS and BH but lowered
in FA as illustrated in Table 4. In overall view the contribution of roughages to ewes requirements during gestation and
suckling periods ranged as follows: 29.98 - 76.68% as DM; 49.32 - 60.46 as TDN% and 59.71 - 71.53 as DCP%.
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Table 4 - Computed of roughage nutrients contribution as percentage of requirements* for ewes during different

physiological stages

% of DM Requirement % of TDN Requirement % of DCP Requirement
Treatment**
EG LG SP EG LG SP EG LG SP
BH 64.75 42.14 41.80 50.31 57.43 52.85 59.86 69.35 67.83
R FA 27.86 28.39 31.98 55.55 58.73 51.49 64.09 70.29 66.90
AS 71.57 56.39 57.95 58.18 59.64 50.48 66.22 70.94 66.21
Y Y- 57.56 44.94 44.50 54.85 58.13 52.13 63.53 69.86 67.34
Y+ 51.95 39.86 43.39 54.53 59.07 51.06 63.27 70.54 66.62
BHY- 66.29 46.86 44.18 50.42 55.29 51.27 59.96 67.81 66.76
BHY* 63.15 37.56 39.42 50.12 59.46 54.50 59.71 70.81 68.96
R*Y FAY- 29.80 27.42 29.98 57.39 60.29 53.63 65.59 71.41 68.37
FAY+ 25.79 29.41 34.06 53.97 57.25 49.32 62.82 69.22 65.43
ASY- 76.68 60.46 59.42 56.56 58.79 51.54 64.91 70.33 66.94

ASY+ 66.96 52.39 56.56 59.53 60.46 49.34 67.31 71.53 65.44
*Calculated based on requirements recommended by Kearl (1982) and the feeding values of barley equals 75.0 and 5.26% as TDN and DCP,

respectively) that reported by CLFF (2001). **R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y= no yeast; Y*:
with yeast; R*Y: interaction between roughage and yeast addition. EG: early gestation; LG: Late gestation; SP: suckling period.

Milk production and composition

Data of total milk yield (g/h/d) and milk composition are presented in Table 5. The total milk yield (TMY) was
significantly (P<0.05) affected by roughage type where the highest value was recorded for BH (434) followed by FA (393)
and then AS (383). Also, yeast addition (Y*) increased (P<0.05) the TMY (423) compared to Y- (384) treatment. However,
the interaction (R*Y) showed TMY superiority (P<0.05) for BHY* (449) treatment and the lowest one for FAY- (365). Milk
fat content was not affected (P<0.05) by roughage type, yeast addition or their interaction. However, milk protein content
was higher for BH (5.14%) than the other types of roughage, but there is no significant difference due to yeast addition.
Therefore, the interaction showed BHY-as the highest protein value (5.28%) and FAY-as the lowest one (4.68%).

The results of total solids content in milk showed high values for FA and AS silage compared to BH, this may
because of the apparently inverse relationship with TMY and positively related to milk ash content. However, El-Saadany
and Omar (2018) attributed the reduction in milk total solids to a decrease in both fat and protein contents other than the
ash content as described by El-Saadany et al. (2016) where they recorded values of milk ash content 0.96 and 0.82 % for
Atriplex and hay groups, respectively.

No significant difference was observed between AS and BH in the production of ECM, as well as the MEV expressed
as Kcal/kg. Addition of yeast led to a significant improvement for the ECM by 7.84% compared to no addition. Yeast
improved the ECM by 10.6, 23.8 and 5.52% when added to BH, FA and AS diets, respectively as compared to those diets
without yeast. Calculated energy corrected milk (ECM, g/d) showed the highest (P<0.05) values in BH (52.7), Y* (509) and
BHY* (554) but the lowest one recorded in FA (459), Y- (472) and ASY-(471), for R, Y and R*Y treatments, respectively. On
the other hand, calculated milk energy value (MEV, kcal/kg) was not affected (P>0.05) by dietary factors or their
interaction under investigation.

In comparison with our results, Abu-Zanat and Tabbaa, (2006) found that milk yield was not affected by feeding
ewes on different proportion (0, 50 and 100%) of saltbush foliage diets with concentrate. Also, EL-Saadany and Omar
(2018) recorded significantly (P < 0.05) lowest values of milk production in Barki ewes fed Atriplex diet as compared to
control one. But they cleared that fat content in milk of ewes was not affected by the dietary treatment during all
lactation weeks. Fat content ranged between 6.6 and 7.8 %. Protein content was , as a general ,low significantly affected
by dietary treatment, being slightly higher in milk of ewes fed on Atriplex than in Hay groups, at all lactation weeks. The
present results were different from that found by El-Gohary et al. (2017), this may be attributed to differ concentrate feed
mixture supplemented with either hay or Atriplex fed to Barki ewes. they recorded the higher (P<0.05) value of the
average daily milk yield kg/head for ewes fed hay (0.916 kg/head) than that fed Atriplex which was 0.814 kg/head. They
attributed the high milk yield due to higher dietary CP and EE. Also, they revealed that there were no significant
differences between ewe groups for overall means of milk fat% that were 6.56, and 6.86 % for hay and Atriplex groups,
respectively. They added that ewes of hay group had lower (P<0.05) milk protein% (3.77) and ash % (0.79) than Atriplex
group (3.99% and 0.95, respectively). Overall means of milk total solids percentages revealed insignificant differences
and were 17.18 and 18.01% for hay and Atriplex groups, respectively. In addition, EI-Saadany et al. (2016) concluded that
milk fat and Total solids (TS) contents were insignificantly (P>0.05) affected by hay or Atriplex diet during all lactation
weeks, being fat% ranged between 6.8 and 7.8% and TS% 17.05-18.95. However, Protein content was significantly
(P<0.05) higher in milk of ewes of Atriplex than in hay group. They attributed these results to the negative relationship
between protein content and milk yield, which was significantly (P<0.05) lower in Atriplex than in hay.

Concerning silage effect, Shawket et al. (2015) found that ewe fed Atriplex+Acacia silage diet had higher daily milk
production (333 ml), while dams fed control or fresh Atriplex+Acacia had lower daily milk production with no significant
differences (=300 and 298 ml, respectively). Although, the DMI of ewes fed Atriplex+Acacia silage diet was slightly higher
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than those fed either the control or fresh Artiplex+Acacia diets during late gestation and suckling, it was observed that the
dietary treatments had no significant effect on ewe’s milk yield. This could attributed to the negative effects of secondary
chemical compounds (oxalates and tannins) presented in the browse of Atriplex and Acacia (Abu-Zanat and Tabbaa,
2003). Similar to our results, Mousa, et al. (2012), Zaleska et al. (2015) and Elaref et al. (2020) reported higher daily and
total milk yield in dairy sheep supplemented with yeast. Other studies reported no differences in milk production with
yeast inclusion (Masek et al., 2008). These discrepancies could be associated with differences in breeds, stage of
lactation, forage type, source of the yeast culture and feeding strategy (Alshaikh et al., 2002). No changes in milk
composition noted in the present study is consistent with previous reports by Baiomy (2011) in dairy sheep and Salama
et al. (2002) in dairy goat. However, other studies observed change in milk composition with dried yeast supplementation
(Mousa et al., 2012 and Zaleska et al., 2015). Mousa et al. (2012) pointed out that conflicting results from various yeast
studies might have resulted from variations in feeding systems (feeding frequency, ration composition, dose of yeast and
strains employed), animal (species, age and physiological state) and environmental conditions.

Table 5 - Total milk yield and composition as affected by different roughages and dry yeast addition.

R TMY* Fat Protein Ash TS ECM MEV
(g/h/d) (%) (%) (%) (%) (g/d) (keal/ke)
BH 4342 4.117 5.14 0.86° 15.13° 5272 2702
R FA 393a 3.972 4.740 0.872 16.45° 4590 2672
AS 3830 4,537 5.04 0.90° 17.44° 4832 2732
- Y 384> 4.317 4.967 0.897 16.617 4720 271=
Y+ 4232 4.10° 4.99 0.872 16.08° 5092 2697
BHY- 4190 3.882 5.282 0.872 15.93¢ 501° 269°
BHY* 4492 4.347 5.002 0.85° 14.33¢ 5542 2722
Ry FAY- 356° 3.907 4.68° 0.872 15.91 411¢ 266°
FAY* 43120 4.042 4.80% 0.86% 17.00% 509> 2682
ASY- 376 4.53¢ 4.91% 0.92s 17.972 471° 2732
ASY* 3902 4.54° 5.182 0.882 16.9220 4970 2742

R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y no yeast; Y*: with yeast; R*Y: interaction between roughage

and yeast addition. TMY: total milk yield; TS: total solids; ECM: energy corrected milk; MEV: milk energy value. 2 b ¢ Means within column
within treatment with different superscripts differ significantly (P < 0.05). *Average of 6 records for 5 ewes in each group.

Nutrients intake and conversion

Table 6 illustrates the feed conversion expressed as DM, TDN and DCP to milk yield (g/g). The lowest value means
the better-feed conversion efficiency. It can be seen that AS treatment has the highest (P<0.05) values for the three
parameters of feed conversion (4.14, 2.67, 0.369 g/g, respectively) as compared to the other comparable roughages (BH
and FA). However, Y* was better than Y- concerning DM conversion being values were 3.18 vs. 3.52, but there were no
significant (P<0.05) differences concerning both TDN and DCP conversion. The interaction (R*Y) showed that both AS
treatments either without yeast (ASY-) or with yeast (ASY*) was lower efficiency to convert DM, TDN and DCP to milk when
compared to the other treatments.

Table 6 - Nutrients intake and their conversion efficiency to milk passed on feeding ewes on different roughages and

dry yeast

Nutrients intake (g/d) Nutrients converted to milk (g/g)
*

Treatment DM TDN DCP DM TDN DCP
BH 1290° 826" 115k 297> 1.90v 0.264°
R FA 1168¢ 775¢ 108° 2.97° 1.97° 0.275b
AS 15872 10222 1412 4.142 2.672 0.3692
Y Y- 13512 844> 112 3.52a 2.202 0.2912
Y+ 13472 9072 1312 3.18° 2.14a 0.3102
BHY- 1348b 828¢ 112¢ 3.22b 1.98 0.268¢
BHY* 1231c 819¢ 116¢ 2.74> 1.82 0.259¢
R*Y FAY- 11114 7184 88.7¢ 3.12° 2.02b 0.249¢
FAY* 1226¢ 833¢ 129v 2.84b 1.930 0.299°p
ASY- 1592a 975p 135P 4,232 2.592 0.3602
ASY* 15842 10692 1472 4.062 2.74a 0.3782

*R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y= no yeast; Y*: with yeast; R*Y: interaction between roughage

and yeast addition. 2 .¢: Means within column within treatment with different superscripts differ significantly (P < 0.05).
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Performance of suckling lambs

Ewe's production index as kilograms of lambs born indicates that AS group had lambs with a higher birth weight
(4.04 kg) than groups fed BH (3.52 kg) or AS (3.15 Kg). Yeast addition (Y*) to ewes diets increased birth weight of their
lambs by 20.3% of that un-supplemented one (Y-). In addition, lamb birth weight was enhanced by about 11.4, 25.0 and
25.7% for ewe groups received yeast with BH, FA and AS, respectively as compared to the others received the same
roughages without yeast. These results are matching with the data of ewes body weight gain at 150d of gestation (as
illustrate in Table 2). The weaning weight and average daily gain of lambs showed the same significance (P<0.05)
pattern. Where BH, Y*, BHY*, AFY*, ASY* were higher than the other groups within R, Y and R*Y treatments, respectively.
This indicates that feeding roughages with yeast was preferred for gaining lambs in a high weaning weight. In addition,
the lowest weaned weight for FA feeding group may be an indicator for low fat and protein concentration of milk (as
illustrate in Table 5).

Table 7 - Performance of suckling lambs, milk conversion efficiency and economic indicators

Item Roughage (R) Yeast (Y) R*Y
BH FA AS | Y- Y+ BHY- BHY+ FAY- FAY+ ASY- ASY+
Lamb performance
BiW (kg) 3.520  3.15¢ 4.042 3.24b 3.902 333 3.71» 280c 350> 358> 4502
WW (kg) 22.512 18.09¢ 21.06P 19.47° 21.632 21.44b 23.572 17.22d 18.95¢ 19.75¢ 22.37°
ADG (g) 211a 166¢ 189p 180¢p 1972 201° 221a 160¢  172¢d  180c 199b
Milk conversion
efficiency (MCE) 2.06> 2.372 2.03b 2.13a 2.15a 2.08» 2,03k 223ap 2512 2,09 1.96°
g/8
Economic indicators
TFC, LE 601 447 521 523 523 626 576 428 466 515 528
PTWG, LE 1424 1121 1277 1217 1330 1358 1490 1082 1159 1213 1340
PWW, LE 1688 1357 1580 1460 1622 1608 1768 1292 1421 1481 1678
Net return, LE 1087 910 1059 937 1099 982 1192 864 955 966 1150
EE 1.81> 2.04= 2.032 1.79p 2.102 1.59¢ 2,072 2022 2,052 1.88> 2.18a

R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y: no yeast; Y*: with yeast; R*Y: interaction between roughage
and yeast addition. BiW: birth weight; WW: weaning weight; ADG: average daily gain; MCE: milk conversion efficiency; TFC: Total feed cost in

90 days; PTG: price of total weight gain; PWW: price of weaning weight; EE: Economic efficiency= net return/ total feed cost. 2 b ¢ & Means
within column within treatment with different superscripts differ significantly (P < 0.05).

Abu-Zanat and Tabbaa (2006) concluded that feeding Atriplex browse with concentrate did not cause any significant
effect on milk production, birth weight, weaning weight or growth rates of lambs. Also, El-Gohary et al. (2017) found that
feeding tanniniferous plants shrubs (acacia, Atriplex and cassava) as alternatives to Berseem hay did not exhibit any
significant differences in lambs birth weight but differences (P<0.05) in total gain and average daily gain of lambs were
observed. On the other hand, these results are not in accordance with those obtained by Mohammady et al. (2014) who
reported higher weaning weight and daily gain (P<0.05) in Barki lambs fed BH when compared with those fed
tanniniferous plants shrubs. In addition, El-Saadany et al. (2016) found significant (P<0.05) differences in average birth
weight of lambs that was higher in Atriplex treatment group (3.83 kg) than in control group (3.69 kg), however the ADG
was not affected being values were 150 vs. 156 g, respectively.

In contrast to the present results, Shawket et al. (2015) recorded that lamb’s birth weight was not affected by
feeding ewes fresh or silage shrubs. However, feeding mixture of Atriplex+Acacia either fresh or silage decreased lamb
weaning weight by about 11.6 and 13.8 % than control group, respectively which indicate low nutritional quality of silage
diet as compared with that in the present study. Consisting with our result, they found the ADG from birth to weaning of
control lambs group was higher than those of other two tested groups fed either fresh or silage (190 vs. 165 and 160
g/day, respectively). It was noticeable that the daily gain of halophytic fed lambs was comparable to the recorded
average daily gain value (160 g/day) for NRC fed lambs that found by Farid et al. (2005).

Positive effects of yeast was confirmed by Abdel-Gawad (2012) who indicated that birth weight was significantly
higher 2.92 kg and 3.11 kg vs. 2.68 kg with increasing levels of lecture yeast (2, 1 and 0 g/h/d, respectively. Also, the
levels of yeast (1 g or 2 g/h/d) had significant positive effect on weaning weight (12.88 kg and 13.82 kg, respectively) vs.
11.45 kg in control group. This was reflected on ADG, being 165.9 g and 178.6 g for groups received 1 and 2 g yeast/h/d
compared with 146.2 g for control. This increase in daily gain of offspring may be due to the increase of TMY. Generally
increasing milk yield for lactating ewes represents an important factor for the production of robust lambs at weaning.

The total net return per ewe was markedly better in BH and Y* (807 LE) for R and Y treatments (Table 7). However
the interaction (R*Y) showed the BHY* followed by ASY* as the better net return when compared to the other treatments.

Under the present experimental conditions, weaning weight as a final index of the productive efficiency of ewes as
relative to the hay group (calculated from data in Table 7) was 93.6%, 80.4% for AS and FA, respectively. Generally,
adding yeast to different roughage diets during suckling period led to an increase in weaning weight by 11.1% compared
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to those without yeast. Adding yeast to BH, FA and SA diets improved weaning weight by 9.93, 10.05 and 13.27%,
respectively compared with those without yeast.

The economic efficiency (EE) was significantly (P<0.05) higher in both FA and AS compared to BH (Table 7), these
mainly due to its low price (only labor cost for cut and carry or processing silage) because its availability as a range plant
put not return to its nutritive value. Also, yeast addition (Y*) resulted in higher (P<0.05) EE compared to Y-. The EE was
enhanced (P<0.05) by adding yeast to BH diet with 0.48; however, it was 0.33 for silage and 0.03 for FA diets. Concerning
the yeast effect Habeeb (2017) reported that Yea-Sacc®1026 helps of ruminant animals achieve their full potential-cost
effectively through better utilization of feed.

Digestibility and feeding values

The digestibility coefficients of the experimental diets and their feeding values are presented in Table 8. Results
indicated that digestibilities of DM, CP and EE of both fresh and silage Atriplex were higher than that of hay roughage.
These findings may reflect the high quality of silage and/or the positive associative effect between barley and Atriplex in
fresh or silage form. On the other hand, the experimental roughages did not affect the digestibility of OM, CP and NFE. It
is of interest that most nutrients (DM, CP and EE) digestibility were comparable between fresh and silage foliage and they
are higher (P<0.05) than BH which in contrast with other studies (Khattab, 2007, Fayed et al., 2010 and Shawket et al.,
2015). They reported that control diet was superior in digestibility of nutrients followed by silage and then fresh foliage.
The present results could be explained by barley grain interaction effect that showed higher improvement when given
with FA or AS than BH or in other word, The lower the quality of the roughage, the greater the improvement by barley. The
high solubility of Atriplex nitrogen could be the reason for the high CP digestibility reported herein and in most studies
(Ben Salem et al., 2010).

Yeast group (Y*) enhanced the digestibility of all nutrients except for NFE that was unaffected (Table 8). The same
pattern was observed in digestibility of DM, OM, CP and CF when yeast added with roughages but the highest values were
observed for FAY* diet. Which meaning that yeast showed high positive effect in case of low quality forages like Atriplex.
The EE digestibility was in the lowest value for BHY- (68.64%) diet as compared with the other diets. The digestibility of
NFE was not significantly (P>0.05) affected by roughage type, yeast addition and their interaction. The present results
were in harmony with that reported by Habeeb (2017) who stated that the apparent digestibility of nutrients and the
nutritive values of diet were enhanced by yeast addition compared to the control one. This may be due to increase the
number of bacteria in the rumen or stimulate some of the rumen bacteria sp. Like proteolytic or cellulolytic bacteria or
both.

Table 8 - Digestibility and feeding values of the experimental rations fed to Barki ewes

BW Nutrients digestibility (%) Feeding value (%)

Treatment* (kg) DM oM cP CF EE NFE TDN DCP
BH 40.49°  6526° 65667 6513° 4859: 7264 7387° 6401" 888

R FA 40.99: 7169  65.85%  76.67° 4580 7888  77.352 66312  9.24s
AS 41162  70.060 65442  73.85° 46922 8099 75672 64400 890

v 2 39.03: 67405 6051  70.30° 4343> 75815 74.80° 62455  827b
Y+ 4183  70.90°  70.78°  73.472  51.08: 7949 7646 67.342  9.74s

BHY- 4028°  6437c 6430 6491c  47.77% 6864> 73.07° 6146° 833

BHY*  40.70°  66.45  67.01®  6535¢ 49.42%  76.652 74.68: 66.56%  9.43b

rey FAY- 30.88:  68.93%c  5863c  73.38>  40.89> 77.22a 76762 64.66%  7.98
FAY+ 42100  7445¢  73.06° 79.97° 5072 80.542 77.94c 67.962  10.501

ASY- 39.63: 6801 5861  72.63> 40.73> 8158 74592  6123>  851c

ASY+ 42702 7242 7227+ 7508% 53.41= 80.392 76762 67.51a  9.30°

*R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y- no yeast; Y*: with yeast; R*Y: interaction between roughage and yeast addition.

BW: body weight; DM: dry matter; OM: organic matter; CP: crude protein; CF: crude fiber; EE: ether extract; NFE: nitrogen free extract; TDN: total digestible
nutrients; DCP: digestible crude protein. a b ¢: Means within column within treatment with different superscripts differ significantly (P < 0.05).

It is of interest to find comparable (P>0.05) values of feeding values as TDN or DCP for BH, FA and AS diets, but as
Atriplex CP extensively degraded to ammonia in the rumen, therefore the protein value of the diet was much lower than
indicated by its DCP content. The similar values of TDN among BH, FA and AS may be attributed to similar digestibility of
both CF and EE. Nevertheless, there were no significant differences between nutritive value as TDN and DCP percentage
of the two halophytic diets fresh or silage which was in accordance with results of Shawket et al. (2015). But the same
authors reported that TDN and DCP values of the control were higher (p<0.05) than those of fresh and silage
Atriplex+Acacia diets (69.73 and 9.01 vs. 63.84, 8.60 and 64.18, 7.68 %, respectively). Also, Khattab (2007) concluded
that TDN% for diets based on barley grain covered100% of energy requirement (according to Kearl, 1982) and roughages
as Berseem hay and fresh or silage Atriplex was significantly different being values 67.87a, 60.14c and 62.54bh%,
respectively. The corresponding values of DCP % were 9.02, 9.52 and 9.00 (P<0.05).
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On the other hand, yeast addition increased TDN and DCP by about 7.83 and 17.78%, respectively over than that
un-supplemented one (Table 8). The interaction showed that, yeast addition to all roughages always increased their TDN%
and DCP% values as compared to roughages without yeast addition. The highest (P<0.05) values were recorded for FAY*
being 67.96% TDN and 10.50% DCP. In addition, ASY* showed comparable (P<0.05) value of TDN % (67.51) with that of
FAY* (67.96). In agreement with these results, Saleh et al. (2004) found that the TDN % was increased from 75.43 in
control treatment to 76.31 in active dry yeast treatment. More improvement in nutritive values were reported by Allam et
al. (2001) who found that TDN and DCP values increased from 73.73 to 81.88% and from 13.19 to 15.32%, respectively,
when yeast was added at level of 2.5 g/head/day.

Site of OM digestibility and microbial protein synthesized in the rumen

Data of Table 9 illustrate the results of in situ OM disappearance (ISOMD %) of the experimental rations and used it
for calculation of the fraction of OM digestion and the microbial protein synthesized in the rumen. Data showed that BH,
Y* and BHY* were the highest (P<0.05) ISOMD % in R, Y and R*Y treatment, respectively being corresponding values
78.7, 77.17 and 82.55%. The site of OM digestion emphasize that the rumen have the highest efficiency in digestion the
organic matter compared to the lower gut. It can be notice that AS showed the highest value of OMD post rumen
(20.31%), this can explained by the effect of barley plus silage on fermentation in the rumen making the pH tends to be
acidic (as discussed later in Table 12) that decreased the digestion of OM in the rumen but increased post the rumen. The
positive effect of yeast addition on OM digestion in the rumen of all treatments was cleared either in Y or R*Y treatments.

The ranges of synthesized MCP in rumen showed the superiority of BH (203-179 g/d) followed by AS (172-152 g/d)
and then FA rations (120-106 g/d). In addition, the supplemented yeast ration was higher (169-149 g/d) than that un-
supplemented one (160-141 g/d). The A*Y effect declared higher values of MCP range in all ration supplemented with
yeast (BHY*>SAY*> FAY*) compared with that un-supplemented (BHY->SAY-> FAY-).

In the present study, ruminal and post-ruminal OM disappearances of the feeds were evaluated to provide more
reliable information for these feeds. Moreover, production of individual ruminants depends not only on genetic
characteristics but also on the quantity and quality of nutrients available for intermediary metabolism (Solanas et al.,
2003). The supply of nutrients is the result of voluntary intake and nutrient concentration of feed intake (Merkel et al.,
1999). Voluntary intake of a feed depends essentially on the rate of ruminal and post-ruminal digestion of digestible
nutrients. Attia et al. (2018) found that Atriplex halimus was digested in the rumen by 79.4% as true DM degradability
and the intestinal protein digestion was 46.9%. Furthermore, Ben Salem et al. (2002) reported that the efficiency of
microbial protein synthesis was significantly improved in sheep receiving Atriplex. They added that BG+FA increased
micriobial N supply by 4.8 g/kg DOMI (P<0.001) compared with barley alone. Otherwise, Ben Salem et al. (2010)
concluded that feeding a high-energy supplement such as barley can improve the feeding value of saltbush pastures by
providing energy to ruminal microbes to produce microbial protein, stimulate carbohydrate digestion and detoxify
secondary compounds. Miller-Webster et al. (2002) reported that yeast have efficient roles on the rumen fermentation
and nutrient digestibility, which improve ammonia uptake and microbial protein production. Moreover, Dawson et al.
(1990) suggested that yeast enhances fiber digestion and increases the number of cellulolytic bacteria in the rumen. The
recent data of MCP ranges were higher than the range of 134-159g that found for control diet fed to Barki lambs in
earlier study by Kewan (2013).

Table 9 - Digestion fractions of OM and Calculation of the microbial protein s esized in the rumen of ewes

ISOMD Rumen Post- RDOM MC MCP ATP MC MCP MCP
Treatment* rumen
(%) OMD%  ovD %) (g/d) (g/d) (g&/d) (mol/d) (g/d) (g/d) range (g)
BH 78.702 51.67 13.99 1010 384 203 22.2 338 179 203-179
R FA 73.09° 48.13 17.72 596 227 120 13.1 199 106 120-106
AS 68.96¢ 45.13 20.31 856 325 172 18.8 286 152 172-152
Y- 69.99p 42.35 18.16 795 302 160 17.5 266 141 160-141
Y Y+ 77.472 54.62 16.16 841 319 169 18.5 281 149 169-149
BHY- 74.84hbc 48.12 16.18 960 365 193 21.1 321 170 193-170
BHY+ 82.552 55.32 11.69 1060 403 213 23.3 354 188 213-188
R*Y FAY- 69.73d 40.88 17.75 574 218 116 12.6 192 102 116-102
FAY+ 76.450 55.85 17.21 617 235 124 13.6 206 109 124-109
ASY- 65.41e 38.34 20.27 850 323 171 18.7 284 151 171-151
ASY+ 72.51cd 52.40 19.87 858 326 173 18.9 287 152 173-152

*R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y= no yeast; Y*: with yeast; R*Y: interaction between roughage

and yeast addition. ISOMD: in situ OM disappearance at 24h; RDOM: Rumen degradable organic matter; MC: Microbial cells; MCP: Microbial
protein. a, b, c: Means within column within treatment with different superscripts differ significantly (P < 0.05).
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Nitrogen utilization

The data of nitrogen utilization as affected by types of roughage, yeast addition and their interaction are shown in
Table 10. Although significant (P<0.05) differences were observed in roughages N intake and N excreted via feces or
urine, the N retained was similar (P>0.05) among the experimental roughages groups. The NR as a relative to feed N
intake (FNI) or absorbed N was significantly higher for FA ration than AS or BH rations. Yeast addition showed positive
significant (P<0.05) effect on the parameters of N utilization except for N excretion in urine. It can be noticed that the NR
increased 2.60 times by yeast addition. High (P<0.05) NR values observed in BHY* (7.83 g/d), FAY* (7.03 g/d) and ASY*
(7.23 g/d) groups mainly attributed to the high intake of N that were 28.25, 17.85 and 19.60 g/d, respectively. The same
pattern was observed for the ratio of NR to the absorbed N being values were 42.44, 49.23 and 49.12 for BHY*, FAY* and
ASY+, respectively. It is noticeable that ASY- group revealed the lowest (P<0.05) value for NR (1.97), NR/FNI ratio
(12.63%) and NR/absorbed N ratio (17.39%).

Despite sheep consuming BH diets excreted more N in feces and urine as a consequence of a great amount of N
provided by this roughage than those containing fresh or silage Atreplex, the NR was comparable among three groups
(BH, FA and AS). However, Ben Salem et al. (2002) reported higher NR for sheep fed Barley+Atreplix mixture diet than
those fed a mixture of Barley+Acacia. In addition, Ben Salem et al. (2010) attributed the negative N balance in sheep fed
Atriplex alone to the disequilibrium between energy and protein in this shrub species. However, when an energy source,
e.g. Barley, was associated to oldman saltbush, sheep and goats retained from 6 to 13 g N/day depending on the amount
and the source of energy added to the diet.

Results showed that the main pathway of N excretion was through urine for all tested groups, these findings may be
attributed to either feeding on barley grains which works as a diuretic or excess of ruminal ammonia excreted as N in
urine. The current data were close to that found by Khattab (2007) who concluded that NR was higher (P<0.05) for hay
group followed by fresh and silage Atriplex groups being values were 7.11, 4.70 and 4.60 g/d, respectively. Furthermore,
the relative values of NR to NI or N digested were 23.61-43.18%; 16.31-36.41% and 16.10-34.55% for the corresponding
groups respectively. The same pattern was reported by Shawket et al. (2015) who recorded the highest value of NR by
control group followed by the two groups fresh and silage (3.02 vs. 2.13 and 2.31 g/day, respectively). They added that
nitrogen retained as a percent of nitrogen intake (NR/NI%) was significantly (P<0.05) higher for control group (12.93%)
than the other two ewes groups fed Atriplex+Acacia silage diet (11.71%) or fresh mixture (9.80%), respectively.

Table 10 - Nitrogen utilization as affected by feeding ewes on different roughages and dry yeast

Treatment * Feed N intake; Fecal N Urine N NR NR/ FNI NR/ absorbed
FNI (g/d) (&/d) (8 (8 (%) N (%)
BH 24.062 8.37a 10.13a 5.562 23.11° 35.44b
R FA 15.94¢ 3.65¢ 7.16¢ 5.13a 32.18a 41.74a
AS 17.6b 4.58p 8.42p 4.602 26.14b 35.33b
v Y- 16.500 4.98b 8.692 2.830 17.15b 24.57b
Y+ 21.90a 6.08a 8.45a 7.372 33.652 46.592
BHY- 19.88p 6.94b 9.652 3.290 16.55¢d 25.430bc
BHY+* 28.252 9.802 10.62a 7.83a 27.72b 42.44a
R*Y FAY- 14.03d 3.73cd 7.06¢ 3.24b 23.09bc 31.46b
FAY+ 17.85bc 3.57cd 7.25¢ 7.032 39.38a 49.23a
ASY- 15.60¢d 4.27cd 9.36ab 1.97° 12.63d 17.39¢c
ASY+ 19.60p 4.88¢ 7.49bc 7.23a 36.892 49.12a

*R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y: no yeast; Y*: with yeast; R*Y: interaction between roughage

and yeast addition. a, b, c: Means within column within treatment with different superscripts differ significantly (P < 0.05).

Water utilization

The roughage type affect (P<0.05) on free water intake, where the highest value recorded for BH treatment (Table
11). It can be seen that a reverse relationship between drinking water intake and the moisture content of feed. High feed
water intake (P<0.05) recorded for sheep fed on FA or AS diets, mainly attributed to high moisture content of that feeds.
These in contrast with that reported by Khattab (2007) who concluded significant differences in drinking water (I/d) for
ewes fed diets based on barley grain; offered as 100% of energy requirement that recommended by Kearl (1982); and
roughages of hay and fresh or silage of Atreplix foliage, the values were 6.11, 4.62 and 4.84 respectively. In addition, Ben
Salem et al. (2002) found that drinking water consumption increased substantially when Atriplex was associated to
barley as a supplement. The animal group that received a diet enriched with yeast (Y*) consumed more free water than
that not received yeast (Table 11). The yeast addition increased free water intake by 137, 111 and 25% for AS, FA and BH
as compared to the non-supplemented ones. The treatments BH, Y*, FAY* and ASY* showed highest values of free water
intake as percent of ash intake. The IWL (g/ kg®82) was not affected (P>0.05) by the types of roughage. However, Y*
increased the IWL as compared to Y-. Within interaction, the yeast supplemented roughages resulted in a higher IWL
value than that of un-supplemented one, and the FAY* group recorded the highest value but ASY- was the lowest one.
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Khattab (2007) and (Ahmed et al., 2015) showed that higher water consumption by animals fed diets containing
fresh Atriplex, was due to higher ash content especially Na. However, there was no significant difference between groups,
which may indicate an ability of lambs to adapt to the concentrations of salt in the feed on offer, or that the salt
concentration was at an acceptable concentration. Such trends are close to those obtained by Ben Salem et al. (2010)
who recommended that animals eating Atriplex nummularia must have a relatively high water intake, up to 9 or 10.5
L/kg DM intake/d, in order to excrete the ingested salt. They added that the amount of drinking water consumed by
sheep and goats fed on oldman saltbush alone or associated with feed supplements like barley grain varied between 0.5
and 7 L/day. Askar et al. (2016) attributed the low Atriplex nummularia intake to the limited drinking water supply (4.96
L/kg DM intake/d) that was made available twice daily. On the other hand Fayed et al. (2010) found that insensible water
loss (ml/h/day) for sheep fed Atriplex was lower (P<0.05) than those fed alfalfa hay plus barley grains at level 25% of
maintenance energy requirement being value 630 vs. 1056, respectively.

In contrast with current data, Ahmed et al. (2015) found no significant difference in water intake between animals
fed Atriplex diet supplemented with Saccharomyces cerevisiae as a probiotic at level of 0.5 g/kg DM feed compared to
un-supplemented group being values were 3.8 vs 3.9 L/lamb/day, respectively.

Table 11 - Water utilization as affected by feeding ewes on different roughages and dry yeast

Treatment A VZ:’ of ash Feed WI TWI Feces water, Urine water, eensibichweterices IWE
g/kgo.sz intake g/kgo.sz g/kgo.sz g/ kgo.sz g/ kg0.82 g/ kgo.sz % of TWI
BH 2042 38.4a 11.46° 2362 38.62 69.8ab 1282 54.07°
R FA 145b 35.4ab 45,932 2072 16.9¢ 58.5° 1322 63.572
AS 146b 32.8° 49.162 2132 28.9p 70.42 114a 53.380
v Y- 1200 25.5b 30.86P 167" 26.62 65.02 75.4 45.15b
Y+ 2102 45.62 40.182 2692 29.72 67.42 1722 63.902
BHY- 1812 36.0° 10.80¢ 210° 33.62p 62.72b 114bc 54.14b
BHY+ 2272 40.8ab 12.13¢ 262ab 43.52 76.82 142ab 54.08r
R*Y FAY- 93.30 23.9¢ 37.23p 145¢ 18.0cd 54.6° 72.4¢cd 49.93b
FAY* 197a 46.92 54.632 26820 15.9¢ 62.43b 1902 70.782
ASY- 86.8° 16.6¢ 44.55b 147¢ 28.1bc 77.82 41.1d 27.96¢
ASY+ 2062 49.02 53.782 2782 29.8p 62.92b 185a 66.652

*R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y: no yeast; Y*: with yeast; R*Y: interaction between

roughage and yeast addition. WI: water intake; TWI: total water intake including metabolic water. 2 b ¢ Means within column within treatment
with different superscripts differ significantly (P < 0.05).

Rumen fermentation and blood biochemical parameters

The parameters of rumen activity (pH, VFA and NHz-N) as affected by the experimental rations are shown in Table
12. It is of interest to notice that AS ration showed higher rumen pH (6.04) compared to FA (5.74) and BH (5.55) rations.
These findings may be attributed to slow degradation of OM that matched with the fermented OM in the rumen as shown
in Table 9. The highest pH the lowest total VFA, this is what can be observed in AS (the lowest VFA) and BH (the highest
VFA) rations. The increases in VFA at 3 h post- feeding were associated with a decrease in rumen pH. This in agreement
with the findings of Taie et al. (2005) that the increase in TVFA concentration is paralleled the reduction in ruminal pH.
Staples et al. (1984) noted that the optimum pH value for rumen cellulolytic bacteria was ranged “between” 5.8-6.3. This
range was almost similar to that obtained in our study.

High degradable protein was expected as ruminal NHs-N concentration (mg/dl) increased which was 24.4, 21.5 and
17.8 for animals fed BH, FA and AS rations, respectively (Table 12). Rumen NHsz-N concentrations with all the
experimental diets were within the range figures; 5.0-20.61 mg/dI, that reported by Satter and Slyter (1974) and Mehrez
et al. (2001), respectively, which would satisfy microbial needs for N and hence maximize the rate of fermentation of the
experimental diet and maximize the microbial growth in the rumen. Ruminal pH and NHs-N were not affected (P>0.05) by
dry yeast supplementation at 5 g/day (Table 12). However, total VFA decreased (P<0.05) because of yeast
supplementation. Atriplex silage without yeast (ASY-) showed the highest value of rumen pH being 6.16 however; BHY-
was the lowest one (5.49). The ruminal concentration of NHz-N and total VFA were significantly higher for BHY- group (30.4
mg/dl and 16.8 meq/dl, respectively) as compared to the other experimental groups. The role of yeast on rumen
fermentation is to improve ammonia uptake and microbial protein production Miller-Webster et al. (2002). Moreover,
Dawson et al. (1990) suggested that yeast enhances fiber digestion and increase the number of cellulolytic bacteria in
the rumen. Also, Ahmed et al. (2015) concluded that improved ruminal fermentation in terms of VFA production was
observed with group fed yeast supplemented (15 mmol/dl) diet compared to hay group (13 mmol/dl). This suggests that
the fermentation of diets supplemented with yeast (0.5 g/kg DM) was more efficient and produced more VFA than in the
control diet, however, NHs-N was not affected and its corresponding values were 138, and 114 mg/dl, respectively. Ben
Salem et al. (2010) concluded that supplementing sheep with barley at 30% level increased fermentation in the rumen of
sheep fed on Atriplex and enhanced utilization of degradable CP available in the rumen. In a comparison with the present

121
Kewan KhZ-A (2021). Productive, nutritional, and physiological responses of Barki ewes to different types of roughages (Berseem hay, Atriplex or silage) and
dry yeast during gestation and suckling periods. Online J. Anim. Feed Res., 11(4): 109-125. DOI: https://dx.doi.org/10.51227/0jafr.2021.18



data, Khattab (2007) concluded that pH at 3 h post-feeding was not affected (P>0.05) by the experimental roughages
and the values were 5.83, 6.49 and 5.97 for hay and fresh or silage respectively. However, the highest values of NHs-N
and VFA were observed in hay group (31.09 mg/dl and 20.54 m.eq/dl) as compared with groups of silage (21.57 mg/dl
and 13.65 m.eq/dl) or fresh saltbush (16.55 mg/dl and 11.53 m.eq/dl). The author concluded that ruminal NHs-N
concentration was positively correlated to CP or NPN contents in the ration as well as high CP degradability in the rumen.

Table 12 - Rumen fermentation indicators and blood biochemical parameters in Barki ewes fed different roughages

and dry yeast.

ltem Roughage (R) Yeast (Y) R*Y
BH FA AS Y- Y+ BHY- BHY+ FAY- FAY+ ASY- ASY*
Rumen fermentation indicators at 3h post-feeding
pH 5,65 5742 6.042 5772 578 549> 5603 5.663 5.82ab 6.162  5.93ab
VFA, meq/dl 13.62 10.7v 10.1> 1412 886t 16.82 10.3bc 12.9v 8.50¢ 12.5b 7.73¢
NHs-N, mg/dl 24.4a 2152 17.8> 23.1a 19.3a2 30.4a 18.4bc 24 .4ab 18.60¢ 14.7¢  20.8bc
Blood biochemical parameters at zero-time post-feeding
Glu, mg/dl 60.62 72.22 63.72 59.5» 71.62 58.0ab 63.2ap 67.63 76.82 52.8° 74.72
TP, g/dI 10.02 7.80> 8333 7250 1022 7.87 12.2a 7.010 8.603b 6.87>  9.78ab
Alb, g/dI 3.31a  3.23a 3.292 3362 3.192 3.269 3.352 3.47a 2.99a 3.352 3.24a
Glo, g/d 6.692 457> 5042 389> 7.01a 4.61° 8.852 3.54b 5.61ab 3.52>  6.54ab
Urea, mmol/I 7.04» 5850 8462 6.02> 8.22a 599 8.09p 6.09° 5.61° 5.99p 10.92
Cr, mg/dl 1.55b 2.072 2202 1912 14972 1.57°,c 1.53c 2.02ac 2.42abc 2 45ab  2.25a
CC, ml/min 18.4a 15.7v 18.2a 18.82 16.0p 20.32 16.5pP 16.1° 15.3p 20.1a 16.3v

CC, ml/min/kg 0.462 0.390 0.442 0.472= 0.38> 0.51a 0.41> 0.41> 0.36° 0.51a 0.38e
R: roughage; BH: Berseem hay; FA: fresh Atriplex; AS: Atriplex silage; Y: yeast; Y- no yeast; Y*: with yeast; R*Y: interaction between roughage

and yeast addition. Glu: glucose; TP: Total protein; Alb: Albumine; Glo: Globulin; Cr: Creatinine; CC: Creatinine clearance. a, b, c: Means within
column within treatment with different superscripts differ significantly (P < 0.05).

Blood biochemical parameters of the experimental groups are given in Table 12. Blood glucose (Glu) was not
affected (P<0.05) by the types of roughage and the values ranged between 60.6 and 72.2 mg/dl. However, the present
results differ from those obtained by Khattab (2007) and Shawket et al. (2015) who reported that feeding halophytic
plant silage increased (P<0.05) the concentration of plasma glucose in Barki sheep than that fed fresh plants or control
diets. Similarly, EL-Saadany et al. (2016) reported that plasma glucose increased significantly (P<0.05) by feeding ewes
on Atriplex plants compared with those fed hay. On the other hand, yeast addition increased (P<0.05) Glu concentration
by about 19.7% over than un-supplemented group. In addition, Glu was affected (P<0.05) by the interaction R*Y and high
values were observed in two treatments; FAY* (76.8 mg/dl) and ASY* (74.7 mg/dl) but the lowest observed only in ASY-
(52.8 mg/dl). Higher glucose concentrations in ewes fed a yeast-supplemented diet, observed in the present study, are
consistent with the findings of Abdel-Gawad (2012) and Milewski and Sobiech (2009). They demonstrated that dry yeast
(S cerevisiae) significantly increased the production of propionic acid - the main substrate for glucose synthesis in
ruminants. Higher serum glucose resulted by dried yeast supplementation could be related to elevated concentrations of
mannan-oligosaccharides are precursors of VFA, which affect an increase in energy metabolism parameters.

Because of blood albumin (Alb) concentration was not affected by the types of roughage, yeast addition and their
interaction, the total protein (TP) and globulin (Glo) concentrations showed the same significance pattern (Table 12). The
highest values of both parameters were observed in BH, Y* and BHY* for R, Y and R*Y treatments, respectively. The none-
yeast supplemented group (Y-) recorded higher CC (0.47 ml/min/kg) than the supplemented one (Y*) (0.38 ml/min/kg).
Also, BHY- and ASY- recorded similar and highest value (0.51 ml/min/kg) compared to the other interaction groups. The
present data were in contrasting with that reported by Khattab (2007), Fayed et al. (2010), Shawket et al. (2015) and EI-
Gohary et al. (2017) who found no significant differences between fresh or silage Atriplex and hay groups concerning
blood total protein. However, feeding fresh Atriplex significantly increased albumin concentration (El-Gohary et al., 2017)
but decreased (P<0.05) the globulin concentration (Khattab (2007). Abdel-Gawad (2012) indicated that yeast
supplemented groups had significantly higher serum total protein and globulin than the control group.

Urea and creatinine are the two chief nitrogenous composites excreted by kidney. Thus, any change of their
concentration would reflect impaired glomerular filtration and/or inefficiency of renal tubules (Braun and Lefebvre 2008).
The animal groups received AS, Y* and ASY* rations recorded the highest concentration (ummol/l) of blood urea versus
that recorded the lowest values in groups of FA, Y- and all the other groups within interaction treatments (Table 12). The
present results come in the same direction with those obtained by Shawket et al. (2015) who reported that Barki ewes
fed control and silage diets showed higher (P<0.05) blood urea concentration when compared with those fed fresh foliage
diet. This may be due to the high content of anti-nutritional factors in fresh forage which binding with feed proteins and
reduce its utilization (Ndluvo, 2000). On the other hand, there is fluctuation results regarding the blood urea concentration
of sheep in different studies (Khattab, 2007; Fayed et al., 2010 and El-Saadany et al., 2016), these may be due to differ
in feed concentrate that used in each study. The increase in urea concentration recorded in this study owing to yeast
addition suggests that yeast had an effect on renal function (Milewski and Sobiech, 2009 and Abdel-Gawad, 2012).
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There were significant effects due to roughage types, yeast addition and their interaction on blood creatinine
concentration (Table 12). High creatinine value in FA and AS groups compared to BH was observed also by Shawket et al.
(2015) and these findings may be attributed to high anti-nutritional factors and/or high salt contents in these diets. The
renal endogenous creatinine clearance (CC; an index of glomerular filtration rate) was expressed as ml/min or
ml/min/kg. The renal clearance of endogenous creatinine was 0.0.64, 0.44 and 39 mi/min.kg for BH, AS and FA groups,
respectively (Table 12). It can be said that FA, Y*, SAY* FAY*, FAY- and BHY* caused partial renal damage or alterations in
glomerular function that affect the kidneys' ability to remove metabolic substances from the blood into the urine. The
overall mean value of renal clearance of endogenous creatinine recorded herein was 0.43 ml/min.kg, that is lower than
that previously reported by Javed et al. (2006) for sheep being 0.81 ml/min.kg. In addition, Chen et al. (1995) concluded
that creatinine clearance was not affected (P > 0.05) by DM intake in sheep.

CONCLUSION

- Silage roughage represents about 57.7 - 60.6% of the total food intake during pregnancy and lactation periods,
respectively which reduces the cost of the ration compared to Berseem hay. It also covers the dry matter, energy and
protein required during pregnancy and lactation to a better degree than fresh Atriplex forage. Yeast addition reduced the
total intake during early and late pregnancy periods by 3.60 - 5.32%, respectively compared to that without yeast.

- No significant difference was observed between AS and BH in the production of energy corrected milk ECM, as well
as the energy content of milk in the form of Kcal/kg. Addition of yeast led to a significant improvement for the production
of energy-corrected milk ECM by 7.84% compared to no addition. Yeast improved ECM by 10.6, 23.8 and 5.52% when
added to BH, FA and AS diets, respectively as compared to those roughages without yeast.

- Under the same experimental conditions, weaning weight as a final index of the productive efficiency of ewes as
relative to the hay group was 93.6%, 80.4% for AS and FA, respectively. Generally, adding yeas to different roughage diets
during suckling period led to an increase in weaning weight by 11.1% compared to those without yeast. Yeast added to
BH, FA and SA diets improved weaning weight by 9.93, 10.05 and 13.27%, respectively compared with those without
yeast.

- The economic efficiency (EE) was higher in both FA and AS compared to BH. The yeast addition (Y*) resulted
significantly higher EE compared to Y-. The EE was enhanced by adding yeast to BH, AS and FA diets with 0.48, 0.33 and
0.03 compared with those without yeast.
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