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SUMMARY

contained date palm tree leaves (DPL) incubated or not with enzymes. Biological treatments were

used in laboratory experiment to determine the effect of using different enzymes (Cellulase,
Taninnase, Fibrolytic and combinations of each with other) on chemical composition of date palm leaves. In
vitro trail was conducted using diets contained 40% DPL incubated with enzymes to study in vitro nutrients
disappearance. A digestibility trails were carried out to study digestibility coefficients, nutritive values,
nitrogen balance, rumen fermentations and microbes and some blood components as follow: D (1): 50 %
concentrate feed mixture (CFM) + 50% berseem hay (BH) (control diet). D (2): 50 % CFM + 40% DPL
+10% BH.D (3): 50 % CFM +40% DPL incubated with Cellulase enzyme +10% BH. D (4): 50 % CFM
+40% DPL incubated with Fibrolytic enzyme +10% BH. D (5): 50 % CFM +40% DPL incubated with
Cellulase and fibrolytic enzymes. Results showed that enzymes improved chemical composition of DPL, CP
content was increased while CF and its fractions were decreased (P<0.01). The incubation of DPL in diets
with enzymes improved nutrients disappearance. Digestibility coefficients, nutritive values and nitrogen
balance showed significant increase (P<0.01) with diets contained enzymatic DPL. The highest improvement
of rumen fermentations and microbes were reported with DPL contained enzymes compared to control and
non- enzymatic DPL. Serum total proteins and albumin concentrations were increased significantly (P<0.01),
while urea concentration was decreased with diets contained enzymatic DPL.

Q im of the current study was to investigate the effects of feeding small ruminants on diets

Keywords: Date palm leaves, digestibility, rumen fermentations, microbes and sheep.

INTRODUCTION

In Egypt there is an acute shortage of conventional feedstuff for feedings livestock. The big feed gap
between the requirements and the available sources forced the planners and nutritionists to look for non-
conventional resources where there is no competition with human such as agricultural, agro-industrial and
organic wastes. Encouraging results obtained from using by-products in animal diets could help in
reducing the shortage of animal feeds. However, the nutritive value of the agricultural by-products like
date palm leaves can be enhanced through their biological treatment and this way can play an important
role to meet nutrient requirements of the animals.

Dates palm tree (Phoenix dactylifera) are very popular foods in most of the Middle Estern countries.
Over 70% of the total world production is produced in this area. Egypt is the second important country in
date world production which produced 1166182 tons annually (FAO, 2006). A date palm tree annually
produced approximately 20 Kg of leaves, which mean producing approximately 220000 tons of dry
matter in Egypt annually.

Several attempts were devoted to improve feed utilization and eliminate the indigestible feeds in the
animal waste including use of enzymes. Recently, the efficacy of many commercial enzyme products has
been well stated, but there is still some vagueness in their mode of action (Bedford, 2002). It is well
known that exogenous enzymes have been used to improve the feeding values of feedstuffs are high in
soluble non- starch polysaccharides that induce viscosity (Lazaro et al., 2003). Enzymes bind temporally
to one or more of the reactants which they catalyze and so lower the amount of energy needed thereby,
speeding up the reaction (lbrahim et al., 2010). Also, enzymes release other nutrients like minerals
(Ibrahim et al., 2010), decreasing the ant-nutritional substances and improving animal performance (Goli
and Aghdam Shahryar, 2015).

The current study aimed to investigate the effects of feeding small ruminants on diets contained date
palm tree leaves incubated or not with enzymes.
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MATERIALS AND METHODS
Laboratory trail:

A laboratory trail was made in Desert Research Center laboratories to study the effect of using
biological treatments (enzymes) on chemical composition and cell wall constituents of date palm leaves
as follow:

T (1): Untreated date palm leaves (DPL).

T (2): DPL incubated with Cellulase enzyme.

T (3): DPL incubated with Taninnase enzyme.

T (4): DPL incubated with Fibrolytic enzyme.

T (5): DPL incubated with Cellulase and Taninnase enzymes.
T (6): DPL incubated with Cellulase and Fibrolytic enzymes.

T (7): DPL incubated with Taninnase and Fibrolytic enzymes.

Air-dried chopped date palm leaves (400 g) were moistened for 60 % and inculcated with 6 ml from
each enzyme (1.5 ml media to 100 g) and the half amount of each enzyme for the combination of
enzymes, 10 % of molasses solution from the dry matter was added as a source of energy, also 4% urea
from the dry matter was added as a source of amino acids. The mixture was put in plastic bag and kept
closed, the inculcation lasted for 10 days at 30 +2 °C, then bags were opened and oven dried at 70 °C for
chemical analysis.

In vitro trail:

Diets contain DPL incubated with different enzymes were used in in vitro trail to study the effect of
enzymes on the chemical composition and in vitro nutrients disappearance of diets as follow:

D (1): 50% concentrate feed mixture (CFM) +40% DPL incubated with Cellulase enzyme +10% berseem
hay (BH).

D (2): 50 % CFM +40% DPL incubated with Taninnase enzyme +10% BH.

D (3): 50 % CFM +40% DPL incubated with Fibrolytic enzyme +10% BH.

D (4): 50% CFM +40% DPL incubated with Cellulase and Taninnase enzymes +10% BH.

D (5): 50 % CFM +40% DPL incubated with Cellulase and Fibrolytic enzymes +10% BH.

D (6): 50 % CFM +40% DPL incubated with Taninnase and Fibrolytic enzymes +10% BH.

The samples (three replicates for each diet) were incubated for 24 hours with ruminal fluid (collected
two hours post feeding from six male sheep fed concentrate feed mixture and good quality berseem hay),
in vitro nutrients disappearance were estimated according to the method by Norris (1976).

Digestibility trails:

The diets incubated with enzymes which gave the best chemical composition and in vitro nutrients
disappearance were used in digestibility trails as follow:

D (1): 50 % CFM + 50% BH (control diet).

D (2): 50 % CFM + 40% DPL +10% BH.

D (3): 50 % CFM +40% DPL incubated with Cellulase enzyme +10% BH.

D (4): 50 % CFM +40% DPL incubated with Fibrolytic enzyme +10% BH.

D (5): 50 % CFM +40% DPL incubated with Cellulase and fibrolytic enzymes.

Twenty adult Barki male sheep about two years old and body weight about 50 kg (four animals for
each group) were fed on diets for 30 days as palatability and adaptation period then rams were placed in
metabolic cages for 20 days, the first 15 days were considered as an adaptation and preliminary period,
the last 5 days were as collection period. The daily amount of feed consumed, residuals, feces and urine
were estimated for each animal during the collection period.

Laboratory analysis:

Feeds, feces and urine proximate analysis were determined according to A.O.A.C. (1995). Neutral
detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent leginin (ADL) were determined
according to the procedures of Van Soest, (1994).

Urine analysis and microbial nitrogen supply:

Urine samples were analyzed to Allantion by using a colorimetric method (Young and Conway,
1942). Uric acid was measured colorimetrically by the method of Fujihara et al., (1987). Xanthine and
Hypoxanthine were measured together as uric acid after treatment of urine samples with xanthine oxidase
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according to procedure of Chen and Gomaes (1995). Allantion, uric acid, xanthine and Hypoxanthine
(mmol/day) were used to calculate microbial purines (PD) excretion (Y,mmol/day). The amount of
microbial purines (PD) absorbed (X, mmol/day) corresponding to the PD excreted (Y, mmol/day) was
calculated from the relationship derived by Chen and Gomaes (1995) as follow:

Y = 0.84X+ (0.15W%7° g 025%)

The supply of microbial nitrogen (MN) in grams/day based on PD was estimated as follow: MN (g/d)
= 70X (0.83x0.116x1000) = 0.727X with X and Y being, respectively, the absorption and excretion of
PD in mmol/day. The following assumption was made by Chen and Gomaes (1995):

1- Digestibility of microbial purine is assumed to be 0.83. This is taken as the mean digestibility value for
microbial nucleic acids based on observations reported in the literature.

2- The N content in purines is 70 mg N/ mmol.

3- The ratio of N content in purines in mixed rumen microbes is taken as 11.6: 100.

Parameters of rumen liquor:

At the end of the digestibility trail samples of rumen liquor were collected pre-feeding and 4 hours
post feeding, pH was immediately measured using a digital pH meter. Total volatile fatty acids were
estimated according to Warner (1964). Total nitrogen, non-protein nitrogen and ammonia nitrogen
concentrations was determined using the methods of A.O.A.C (1995), true protein nitrogen was
calculated (TN-NPN). Ruminal microbial protein was estimated as described by Makkar et al. (1982).

Description by Dehority (1993) used to publish the identification of genera and species of ruminal
ciliate protozoa, while it’s counts were determined using the method described by Ogimoto and Imai
(1981).

Blood serum:

At the end of the digestibility trail blood samples were collected via jugular vein from each dietary
treatment just before morning feeding and 4 hours post-feeding. Blood samples were left to coagulate at
room temperature, then centrifuged at 4000 turn for 15 minute to separate serum and kept it frozen at -
20°C till analyses. The method of Armstrong and Carr (1964) was used to analyze total proteins, albumin
was analyzed according to Doumas and Biggs (1971), globulin was calculated by subtracting. Patton and
Crouch (1977) method was used to analyze urea concentration. Blood GOT and GPT was analyzed
according to Wikison et al., (1972).

Statistical analysis:

Statistical analysis of data was done using Statistical analysis system of SAS (2009). The one-way
analysis design was used to analyze the chemical composition, cell wall constituent’s, nutrients
disappearance, digestibility coefficients, nitrogen utilization, the model was: Yij =M + Ti + eij.

The two-way analysis design was used to statistical analysis for rumen fermentations, rumen microbes
and blood parameters, the model was: Yj; = p + T; + I + Tl + e, Where: Y;; = experimental observation,
K = general mean.

T; = effect of treatment (i =1:5), |; = effect of sampling time (j=0, 4).
Tl=effect of interaction of treatment and sampling time. e;= experimental error.

Duncan’s multiple test used to carry out the separation among means (Duncan, 1955).

RESULTS AND DISCUSSION
Laboratorial trail:

Table (1) indicated that the used enzymes (Cellulase, Taninnase, Fibrolytic enzymes or combinations
with each other) did not significantly (P<0.01) affect DM and EE content of date palm leaves, although
those enzymatic treatments significantly (P<0.01) increased OM, CP, NFE, NFC and cellulose contents
more than untreated DPL. In the same time, CF, NDF, ADF, ADL and hemicellulose contents were
significantly (P<0.01) decreased by enzymatic treatments. Also, the data indicated that enzymatic
treatments with cellulase, fibrolytic enzymes and combinations of each other (T2, T4 and T6) were more
efficient in increasing CP content and decreasing CF content and it’s fractions more than taninnase and its
combinations (T3, T5 and T7).
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Table (1): Chemical composition and cell wall constituents (%) of date palm leaves non- incubated
or incubated with enzymes during laboratorial trail.

Item Treatments +SE
T1 T2 T3 T4 T5 T6 T7
Chemical composition%:
DM 9341 9436 9365  93.89 9398 9414 9372 0.036
OM 90.59°  93.46%  92.77°  93.40* 93.16° 93.44° 93.09° 0.037
Ash 9.41° 6.54° 7.23° 6.60° 6.84" 6.56° 6.91"  0.031
EE 1.31 1.88 1.76 1.90 1.80 1.94 1.81  0.009
CP 5.98°  14.12%* 1356 14.24° 13.80° 14.46° 13.86° 0.012
CF 4197  16.82° 18.12° 16.74° 17.43* 16.62° 17.40° 0.053
NFE 41.33° 60.64* 59.33" 60.52° 60.13° 60.42° 60.02° 0.063
NFC 23.12° 37.33%  36.37° 38.14° 36.92° 37.42%® 37.29® 0.010
Cell wall constituents:
NDF 60.18°  40.13° 41.08° 39.12% 40.64™ 39.62° 40.13° 0.061
ADF 43.24* 28.87° 29.14° 2823° 2897° 28.10° 28.67° 0.043
ADL 22782  7.14" 7.87°  7.10™ 7.58° 6.86° 7.52°  0.044
Cellulose 20.46°  21.73% 2127 21.13* 21.39° 21.24* 21.15° 0.013
Hemicellulose 16.94%  11.26* 11.94° 10.89° 11.67°° 11.52° 11.46™ 0.016

Means with different letters with each row are significantly different (P<0.01).

T (1): Untreated date palm leaves (DPL). T (2): DPL incubated with Cellulase enzyme. T (3): DPL incubated with
Taninnase enzyme. T (4): DPL incubated with Fibrolytic enzyme. T (5): DPL incubated with Cellulase and Taninnase
enzymes. T (6): DPL incubated with Cellulase and Fibrolytic enzymes. T (7): DPL incubated with Taninnase and
Fibrolytic enzymes.

The increase in CP content by using enzymes may be due to enhance microbial colonization of feed
(Morgavi et al., 2000 and Nsereko et al., 2000), and due to using 4% urea as a source of NPN that is
rapidly analyze to amino acids to form protein by microbial colonization (Shoukry, 1992 and Okab et al.,
2012). While the decrease of CF content by progressed time of incubation may be due to cellulolytic
bacteria which secreted cellulase enzymes to degrade crude fiber, or due to the utilization of CF by
microbes for their growth (Aziz, 2014).

Similar results were found by Kholif et al., (2005) indicated that the fungal treatment led to increase
CP and decreased CF and OM content. Also, Awawdeh and Obeidat (2013), Aziz (2014 and 2015)
reported that the biological treatments showed a higher content of CP and a lower content of cell wall
components comparing to other treatments.

In vitro trail:

Chemical composition of diets contained DPL after incubated with different enzymes that used in the
in vitro trail is represented in Table (2). Diets contained 40% DPL after incubated with cellulase,
fibrolytic enzymes and combinations with each other (D1, D3 and D5) had slight higher values of DM,
OM, EE, CP and cellulose more than other diets with no significant difference among them, although
those diets had lower contents of CF and it’s fractions more than other diets with no or slight significant
difference among them. The present results are in agreement with those by Gomaa et al., (2016) and
Abdou (2017) who reported that the biological treatments increased the content of CP but decreased the
content of cell wall components more than control.

Results of Table (3) showed that diets contained DPL after incubated with the combinations of
enzymes with each other had higher disappearance of all nutrients. The highest values were recorded for
the combination of Cellulase and Fibrolytic enzymes (D5) followed by the combination of cellulase and
taninnase enzymes (D4) then the combination of taninnase and fibrolytic enzymes (D6). However diet
contained DPL after incubated with taninnase enzyme had the lowest nutrients disappearance. The
disappearance of CP was the same for D5, D3 and D1. The disappearance of CF and its fractions were
higher in D5, D4 and D6 compared to D3, D1 and D2, and this indicates that the combination of enzymes
was more effective in nutrients disappearance. These results indicate the possibility of using DPL diets
incubated with cellulase and fibrolytic enzymes and combinations with each other in the digestibility
trails.
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Table (2): Chemical composition and cell wall constituents (%) of in vitro trail diets contained date
palm leaves after incubation with enzymes.

Item Treatments +SE
D1 D2 D3 D4 D5 D6
Chemical composition%:
DM 93.56 93.26 93.37 93.41 93.77 03.31 0.066
OM 92.24 91.97 92.21 92.12 92.64 91.94 0.042
Ash 7.76 8.03 7.79 7.88 7.36 8.06 0.034
EE 2.47 2.43 2.48 2.44 2.50 2.45 0.023
CP 13.19 12.96 13.24 13.06 13.32 12.98 0.036
CF 14.94 15.46 14.91 15.18 14.71 15.17 0.026
NFE 61.64®  61.12% 6158  61.44*  62.11°  61.34®  0.037
NFC 38.97%  38.39°  39.28"  39.06 40.01*  38.88° 0.031
Cell wall constituents:
NDF 37.61°  38.19*°  37.21® 3756® 36.81"  37.63*  0.046
ADF 2454 25052  24.20%  2458®  23.87°  24.46®  0.042
ADL 7.41% 8.70° 7.19% 7.58% 6.80° 7.56% 0.034
Cellulose 17.13* 1635  17.10°  17.00% 17.07*  16.90° 0.009
Hemicellulose 13.07 13.14 12.92 12.98 12.94 13.17 0.009

Means with different letters with each row are significantly different (P<0.01).

D (1): 50 % CFM +40% DPL incubated with Cellulase enzyme +10% BH. D (2): 50 % CFM +40% DPL incubated
with Taninnase enzyme +10% BH. D (3): 50 % CFM +40% DPL incubated with Fibrolytic enzyme +10% BH.

D (4): 50 % CFM +40% DPL incubated with Cellulase and Taninnase enzymes +10% BH. D (5): 50 % CFM +40%
DPL incubated with Cellulase and Fibrolytic enzymes +10% BH. D (6): 50 % CFM +40% DPL incubated with
Taninnase and Fibrolytic enzymes +10% BH.

Table (3): In vitro nutrients disappearance (%) of diets contained date palm leaves after incubation
with enzymes.

Items Treatments +SE P value
D1 D2 D3 D4 D5 D6
DM 63.02° 61.73" 63.837 70.19° 71.33% 68.00° 0.094  0.052
OM 54.29°  51.96 53.37¢  5859°  60.76° 56.10° 0.094  0.052
EE 55.47¢  53.09' 56.45¢  59.59°  61.60° 59.02° 0.094  0.052
CP 70.58%  69.14*  70.92°  69.34® 70.42° 68.07° 0.094  0.052
CF 63.05°  61.00 63.65° 67.90° 69.27°  66.01° 0.094  0.052
NFE 46.12°  46.76° 46.41°  50.00° 51.38° 49.66° 0.094  0.052
NFC 49.63°  46.16 49.08° 52.03° 54.26° 51.23° 0.094 0.052
NDF 49.91°  48.65 51.84° 5496° 55.66%° 53.30° 0.094  0.052
ADF 51.18°  50.82f 51.87° 52.37° 54.00° 52.28° 0.094  0.052
ADL 49.80°  47.36' 51.88° 53.04° 54.85% 52.24° 0.094  0.052
Cellulose 53.30°  52.66 53.86° 56.09° 57.12*® 55.18° 0.094  0.052

Hemicellulose  54.09°  53.42 56.19° 5854° 5958 57.86° 0.094  0.052

Means with different letters with each row are significantly different (P<0.01).

The present results are coinciding with those obtained by Colombatto et al., (2003) who stated that
fibrolytic enzymes enhanced the fermentation of cellulose. Gado and Abd EIl-Galil (2009) found that
cellulase enzyme was effective in increasing the in vitro dry matter disappearance of bagasse. Khattab et
al., (2012) stated that fibrolytic enzymes addition significantly increased IVDMD and IVOMD when they
replacing corn with glycerol and fibrolytic enzymes. Aziz (2014) found that rations contained biologically
treated sugar beet pulp with Sacharomyces cerevisiae or Trichoderma viride or Cellulomonas cellulase
increased (P<0.01) all nutrients disappearance. Also, Hanafy et al., (2015) reported that addition of
fibrolytic enzymes (4g/kg DM) for diets containing crude glycerol as a substitute for corn has a positive
significant (P< 0.05) effect on IVDMD and IVOMD compared with no additive treatment.

Digestibility trails:
Chemical composition of diets:

Data of Table (4) showed that diets contained DPL incubated with cellulase and fibrolytic enzymes
and combinations with each other (D3, D4 and D5) showed higher (P<0.01) DM, OM, CP, NFE, NFC
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and cellulose contents than both control diet (D1) and diet contained DPL without incubation with
enzymes (D2). While CF, NDF, ADF, ADL and hemicellulose contents significantly (P<0.01) decreased
in diets comparing to D1 and D2.

Table (4): Chemical composition and cell wall constituents (%) of the experimental diets.

Item Treatments +SE
CFM  Hay D1 D2 D3 D4 D5
Chemical composition:
DM 93.42 91.08 92.28°  93.18° 93.56°  93.37° 93.77°  0.046
oM 92.11 88.06  90.20° 91.13® 92.24°  92.21° 92.64°  0.042
Ash 7.89 11.94  9.80° 8.87° 7.76° 7.79° 7.36° 0.024
EE 2.96 2.42 2.67 2.24 2.47 2.48 2.50 0.053
cP 12.33 1374  13.00° 9.96" 13.19°  13.24°% 13.32°  0.022
CF 11.16 2632  18.71°  24.9° 14.94°  14.91° 14.71°  0.072
NFE 65.66 4558  55.82°  54.03° 61.64°  61.58° 62.11°  0.027
NFC 46.18 9.53 28.05¢  33.35° 38.97°  39.28®  40.01*  0.021
| Cell wall constituents:
NDF 30.64 6237  46.48°  4558° 37.61° 37.21° 36.81°  0.036
ADF 17.23 438 4558°  30.26" 2454°  24.29° 23.87°  0.052
ADL 7.70 7.00 7.32° 13.62° 7.41° 7.19° 6.80° 0.054
Cellulose 9.53 36.80 13.62° 16.64° 17.13*  17.10% 17.07*  0.019

Hemicellulose 13.41 18.57 16.64° 15.32° 13.07° 12.92° 12.94° 0.010

Means with different letters with each row are significantly different (P<0.01).

D (1): 50 % CFM + 50% BH (control). D (2): 50 % CFM + 40% DPL +10% BH. D (3): 50 % CFM +40% DPL
incubated with Cellulase enzyme +10% BH. D (4): 50 % CFM +40% DPL incubated with fibrolytic enzyme +10%
BH. D (5): 50 % CFM +40% DPL incubated with Cellulase and fibrolytic enzymes+10% BH.

Feed intake:

Body weight was not significantly differed among sheep fed on the diets (Table 5). Diet contained
DPL incubated with fibrolytic enzyme (D4) increased total feed intake and CFM (g/h/d) followed by
control diet (D1) with no significant difference (P<0.01) then D3 and D5. Also, D4 increased the intakes
of dry matter, crud protein, organic matter, digestible OM intake and digestible OM fermented in the
rumen, followed by control (D1), D5 and D3 with no significant difference (P<0.01) among them. The
lowest intakes was shown for diet contained DPL without incubation with enzymes (D2).

Table (5): Feed intake of Barki sheep fed on the experimental diets.

Treatments +SE P value

Item D1 D2 D3 D4 D5

Number of animals 4 4 4 4 4

Live body weight 50.55 49.47 50.32 50.42 51.22 0.882 0.104
Total feed intake g/h/d 1076.88® 965.00° 1027.50° 1100.00° 1042.50° 16.44 0.200
CFM g/h/d 538.44*  48250° 513.75° 550.00° 521.25° 822  0.200
Hay g/h/d 538.44%°  96.50°  102.75°  110.00°  104.25° 246  0.200
Date palm leaves g/h/d 0.00 386.00° 411.00°  440.00°  417.00° 5.75  0.200
DMI g/h/d 993.74°  899.19° 961.33%  1027.07* 977.55°  15.39 0.202
CPI g/h/d 129.19°  89.56°  127.05°  135.99*  130.21® 196  0.211
OMI g/h/d 896.35"  819.43° 886.73°  947.06°  905.60°  14.21 0.205
DOMI g/h/d” 641.91" 543.92° 630.56° 686.94° 664.72° 14.12 0.352
DOMR g/h/d™ 417.24°  353.55° 409.86°  446.51°  432.07"° 9.18  0.352

Means with different letters with each row are significantly different (P<0.01).
*Digestible OM intake. ** Digestible OM fermented in the rumen, calculated as 0.65xDOM intake
(ARC,1984).

Enzymes supplementation to ration is often accompanied by increased feed intake, which may partly
be due to increased palatability of the diet due to sugars released by pre-digestive fiber hydrolysis.
However, post-digestive enzyme effects as increasing digestion rate and extent of digestion (Krueger
Adesogan, 2008) may increase hydrolytic activity in the rumen to reduce gut fill and enhance feed intake
(Adesogan, 2005).
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The present results agree with those reported by Stella et al. (2007) and Gado et al. (2009) who found
that dairy cows fed forage treated with a fibrolytic enzyme additive consumed more feed and produced 5-
25% more milk. Abdou (2017) found that sheep fed diet contained olive cake treated with enzyme
recorded higher feed intake than those fed control.

Coefficients of digestibility and nutritive values:

Diets of DPL incubated with cellulase and fibrolytic enzymes and combinations with each other (D3,
D4 and D5) enhanced digestibility coefficients for all nutrients compared to diet contained DPL without
incubation with enzymes (D2) (table 6), the difference among the diets were significant (P<0.01) as D5
was the best one followed by D4 then D3 while D2 was the lowest one. Control diet (D1) had the highest
digestibility coefficients of EE, CP and NFE among all other diets. Also, D1 had the highest digestibility
coefficients of ADF, ADL, cellulose and hemicellulose followed by D5 with no significant difference
between them. The values of digestibility coefficients were higher than the values of in vitro nutrients
disappearance for all nutrients, except for CP digestibility which was less for diets contained DPL. These
may be related to the higher content of ruminal fluid and the ruminal microbes in the animal.

Table (6): Digestibility coefficients of and nutritive values of the different experimental diets.

Item Treatments +SE P value
D1 D2 D3 D4 D5

Digestibility%:

DM 71.34° 64.18° 70.12° 71.52° 72.432 0.723  0.247
OM 71.60° 66.35¢ 71.10° 72.50° 73.41° 0.723  0.243
EE 67.77° 58.69° 60.69¢ 64.51° 65.99" 1.006  0.655
CP 70.41° 51.87¢ 58.53° 59.91° 59.95° 2231  0.390
CF 69.46¢ 66.80° 70.07° 71.05° 72.11° 0.889  0.810
NFE 66.32° 54.66° 60.40° 61.84° 62.17" 2339  0.262
NFC 73.02¢ 66.29¢ 73.83° 73.87° 75.18° 1490 0.162
NDF 73.29¢ 72.96° 74.57° 75.19° 77.38° 4.478  0.288
ADF 58.52° 54.00¢ 56.96° 57.66" 58.12% 1.283  0.563
ADL 61.38° 51.82¢ 56.48° 58.15" 61.16° 1612  0.675
Cellulose 60.42° 51.66 55.97 56.72 58.66° 2.160  0.040
Hemicellulose 61.97 50.23° 54.16¢ 55.28° 57.36" 2318  0.622
Nutritive value:

TDN % of DM 67.05% 62.04° 67.11° 66.81° 68.37° 0.829  0.041
DCP% of DM 9.03° 6.65° 9.24" 9.40%® 9.60° 0.108 0.788
DE (Mcal kg DM)"  2.95°% 2.73 2.96% 2.943 3.01° 0.036  0.037
ME (Mcal kg DM)”™  2.41%* 2.02° 2.33° 2.48° 2.41% 0.031  0.009

Means with different letters with each row are significantly different (P<0.01).
*DE= Digestible energy = TDN % x%0.04409 (Crampton, et al., 1957).
**ME = Metabolic energy = TDN g/head x3.6 (Church and Pond, 1982).

The data of Table (6) showed that diet contained DPL without incubation with enzymes (D2) was less
(P<0.01) nutritive values as TDN and DCP (% of DM) compared to diets contained DPL incubated with
enzymes (D3, D4 and D5). Also, D4 increased TDN and DCP values followed by D5 then D3. Control
diet (D1) had high values of TDN (%), where the difference among D1, D5, D4 and D3 was not
significant (P<0.01), while D1 had lower values of DCP (%) than D5, D4 and D3.

The highest digestible energy (Mcal kg DM) was for D5, while the highest metabolic energy (Mcal kg
DM) was for D4, while D2 had the lowest DE and ME values.

The enhancement in digestibility coefficients due to exogenous enzymes may be due to increasing the
microbial colonization of feed particles (Yang et al., 1999), or due to enhancing attachment and /or
improve access to the wall matrix by ruminal microorganisms which result in accelerating the rate of
digestion (Nsereko et al., 2000).

The present results are agreement with those obtained by Yang et al., (1999) and Kung et al., (2000)
who reported that exogenous feed fibrolytic enzymes could enhance fiber digestion in the rumen. A
commercial exogenous enzyme mixture (Zadl), prepared from anaerobic bacterium, has been shown to
improve nutrient digestibility and nutritive values (Gado et al., 2007 and Soliman, 2006). Also, Khattab et
al., (2012) stated that fibrolytic enzymes improved nutrient digestibilies of DM, OM, CP, NDF and ADF.
Aziz (2014 and 2015) found an increase in nutrient digestibility and nutritive values (TDN and DCP) with
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biological treatments for agricultural residues more than control and untreated diet. Abdou (2017)
reported that diets contained crop by- products as olive cake in treated with enzyme significantly (p<0.01)
improved nutrients digestibilities, TDN and DCP values for sheep compared to control diet. Moreover,
DeFrain et al., (2005) found that exogenous enzyme improved the energy balance of dairy cows

Nitrogen utilization:

Diets contained DPL incubated with enzymes (D4, D5 and D3; respectively) significantly (P<0.01)
increased nitrogen intake (g/h/d) and digested nitrogen (g/h/d and % of NI) values compared to D2
(without incubation with enzymes) (table 7). The increase was about 7.42, 6.5 and 5.99 (NI) g/h/d and

Table (7): Utilization of nitrogen by Barki sheep fed on the experimental diets.

Item Treatments +SE P value
D1 D2 D3 D4 D5

Nitrogen intake g/h/d 20.67° 14.33° 20.32° 21.75% 20.83" 0.313 0.211

Digested nitrogen

g/h/d 14.36"  9.57° 14.21° 1546 15.03* 0.365 0.705

% of N intake 69.46° 66.80° 69.92° 71.05° 72.11° 0.893 0.013

Fecal nitrogen

g/h/d 6.31° 4.75° 6.07%  6.29° 5.80° 0.125 0.131

% of N intake 30.53® 33.19° 29.87° 28.94° 27.88° 0.888 0.012

Urinary nitrogen

g/h/d 0.412%® 0.432° 0405° 0.387° 0.352° 0.008 0.053

% of N intake 1.98° 3.00° 2.00° 1.78° 1.69° 0.050 0.122

Total N excretion

g/h/d 6.72° 518 647" 668  6.15° 0124 0.126

% of N intake 32.52°  36.20° 31.87° 30.72° 29.58° 0.908 0.822

Nitrogen balance

g/h/d 13.94*  9.14° 13.84° 15.07° 14.68" 0.362 0.701

% of N intake 67.47° 6379 68.12° 69.27°  70.41° 0.908 0.822

% of digested N 97.13°  95.49° 97.42% 97.49% 97.64*® 0.138 0.828

Means with different letters with each row are significantly different (P<0.01).

5.89, 5.46 and 4.64 (DN) g/h/d for D4, D5 and D3; respectively. Non-significant (P<0.01) differences
were found between D5 and D3 for NI and DN values, although D1 had higher fecal nitrogen excretion
(g/h/d and % of NI) followed by D4 and D3 then D4 with no significant (P<0.01) differences among
them. Also, differences among them were not significant (P<0.01) for total N excretion and nitrogen
balance. Diet contained DPL without incubation with enzymes (D2) had the lowest (P<0.01) value of FN
(g/h/d), although it had the highest (P<0.01) values of UN (g/h/d and % of NI), this reflected on total
nitrogen excretion values as that D2 was the lowest (P<0.01) total N excretion value (g/h/d), while it had
the highest (P<0.01) value as % of NI. Also as D2 was the lowest NI and DN, it decreased nitrogen
utilization by 5.24 (g/h/d) from other diets. The highest nitrogen utilization was for D4 with no significant
(P<0.01) deference with control diet and other enzymatic diets.

The present results are paralleled with those reported by Allam et al., (2006) who showed that
biological treatment with T. viride and S. cerevisiae had the highest value of nitrogen balance and NB/IN
in diets contained sugar beet pulp. Gado et al., (2007) and Soliman, (2006) used a commercial exogenous
enzyme mixture (Zadl), prepared from anaerobic bacterium for crop residues, they indicated an
improvement in N balance for ruminants. Moreover, Aziz (2014 and 2015) found an increase in nitrogen
balance of sheep and goats fed biologically treated sugar beet pulp.

Urinary purine derivatives (PD) and microbial nitrogen supply:

Feeding diets contained DPL incubated with enzymes significantly (P<0.01) increased allantion, uric
acid, xanthine and hypoxanthine, total microbial purines (PD) (mmol/day) and microbial nitrogen supply
(g/d and g/Kg of DOMR) compared to control diet or diet contained DPL without incubation with
enzymes. The highest values were recorded for D5 followed by D4 then D3, while D2 had the lowest
values. Similar results were obtained by Khattab et al., (2013) for sheep fed date by-products.
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Table (8): Urinary purine derivatives (PD) and microbial nitrogen supply by Barki sheep fed on the
experimental diets.

Item Treatments +SE P value
D1 D2 D3 D4 D5

Allantion (mmol/day) 5.61° 4.96° 6.18° 6.26° 6.37° 0.06  0.648

Uric acid (mmol/day) 1.51° 1.41° 1.62° 1.68° 1.74 001  0.199

Xanthine and  Hypoxanthine 0.67° 0.53° 0.71* 073" 0.75 001  0.750

(mmol/day)

Total microbial purines (PD) 7.79° 6.90° 8.52" 8.68% 8.87° 0.06  0.385

(mmol/day)

microbial nitrogen supply

g/d 5.66° 5.02¢ 6.19" 6.31% 6.44° 0.04 0.388

g/Kg of DOMR* 1359°  14.23®  1514°  1415®  14.94* 033  0.259

Means with different letters with each row are significantly different (P<0.01).
*Digestible OM fermented in the rumen.

The energy derived from carbohydrates digestion in many instances is the primary determinant of
microbial growth. Accordingly, Allantion and microbial N were decreased consistently with decreasing of
OM, NDF and ADF digestibilities. Increased OM intake and OM apparently digested in the rumen have
been reported to increase microbial production (Clark et al., 1992). The increased in microbial production
can be attributed at least partially to the larger amount of energy supplied by the larger quantity of OM
fermented in the rumen (Chen et al., 1992).

The present results suggest that efficiency of microbial nitrogen synthesis based on fermented OM in
the rumen was affected by the experimental diets. The values ranged from 13.59 to 15.14 g N /Kg
DOMR, these values are near to these (14 to 49 g N /Kg DOMR) reported by ARC (1984). Variability in
efficiency of microbial N Synthesis exists as a result of various factors like concentration and sources of
nitrogen and carbohydrates.

Parameters of rumen:

Feeding diets contained DPL incubated with enzymes (D5, D4 and D3) and control diet (D1)
increased (P<0.01) ruminal pH values compared with diet with no enzyme (D2) (Table 9). The values of
ruminal pH were within the physiological range of 6.0-7.0 which have no negative effect on bacterial
growth (Hoover, 1986). Moreover, total volatile fatty acids, total nitrogen, true protein, non-protein
nitrogen, ammonia nitrogen and microbial protein concentrations (mg/100mIR.L) significantly (P<0.01)
increased by feeding diets with enzymes compared with control and non-enzymatic diets (Table 9), the
highest values was recorded for D5 followed by D4 then D3, while D2 had the lowest concentrations. The
differences among the diets contained DPL incubated with enzymes (D5, D4 and D3) were not significant
for the concentrations of pH, TN and MP, although the differences among them were significant (P<0.01)
for the concentrations of TVFA’s, TP, NPN and NH3-N. The overall means of all rumen parameters
(except pH) and microbial protein concentrations at different sampling times showed a significant
increase (P<0.01) after feeding to reach the highest (P<0.01) values after 4 hrs post-feeding. The overall
means of ruminal pH at the different sampling times were at the inverse site of other rumen parameters as
it showed a significant decrease (P<0.01) after 4 hrs post-feeding although it was high per-feeding. In
general, the rumen pH decreased with increasing the TVFA's concentration (Fouad, 1991). El-Ashry et al.
(1997) reported that the minimum pH values were observed at 3h post-feeding, but the maximum
concentration of total VFAs was observed at 3h post-feeding with fungal (P. funiculisms) treated rice
straw. The increase in VFA are likely due to enhanced ruminal fermentation by the increased pH with
biological treatments or might be a result of altered rumen microbial populations and increase of
microbial activity (Aziz, 2004).

The reduction of rumen pH after feeding of diets treated with enzymes could be attributed to the major
role of protozoa in slowing down the fermentation by ingesting starch grains and taking up soluble sugars
and converting them to storage polysaccharides (Williams and Coleman, 1997).
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Table (9): Rumen parameters for Barki sheep fed on the experimental diets.

Item Time Treatment +SE Overall mean
D1 D2 D3 D4 D5
pH 0 7.34 6.85 7.16 731 7.37 0.05  7.20%0.02
4 6.30 6.17 6.38 6.46 6.59 0.05  6.38°+0.02
Overall mean 6.82  6.51° 6.77"° 6.89% 6.98° 0.03
TVFA’s m 0 8.57 8.13 9.02 9.14 9.27 0.10  8.83°+0.04
equiv/100 ml R.L 4 1052  9.94 12.28 12.41 12.86 0.10  11.60°+0.04
Overall mean 9.55° 9.03¢ 10.65° 10.77° 11.06° 0.07
Total nitrogen 0 98.28  88.96 110.62 113.50 116.35 244  105.54°+1.09
mg/100 ml R.L 4 121.62 11256 131.74 132.55 137.99 244  127.29°+1.09
Overall mean 109.95° 100.76°  121.18°  123.02° 127.17%  1.72
True protein 0 3262  43.04 41.84 44.32 61.34 1.81  39.75°+0.81
nitrogen mg/ 100 ml 4 39.08  49.42 47.48 47.63 78.07 1.81  45.43%+0.81
R.L
Overall mean 40.245  35.85° 46.23% 44.66% 45,982 1.28
NPN mg/100mIR.L 0 67.58 71.65 72.02 30.64 27.95 259  65.79°+1.15
4 82.32  85.07 90.35 36.22 33.46 259  81.86%+1.15
Overall mean 69.71  64.91° 74.95° 78.36° 81.19° 1.83
Ammonia nitrogen 0 30.64 27.95 32.56 33.77 37.11 0.50 32.41°+0.22
mg/ 100 ml R.L 4 36.22  33.46 37.86 39.04 43.57 050  38.03%+0.22
Overall mean 33.43°  30.70° 35.21° 36.40° 40.34° 0.35
Microbial ~ protein 0 65.46 60.26 69.98 70.87 74.35 327  68.18"+1.46
mg/100mIRL 4 108.98  97.65 113.28 115.9 120.92 327  111.35°+1.46
Overall mean 87.22°  78.95° 91.63" 93.41%® 97.63 231

Means with different letters with each row are significantly different (P<0.01).
pH (P =0.173), TVFA’s (P = 0.081),TN (P = 0.022), TP (P = 0.594), NPN (P = 0.078), Am (P = 0.028), MP (P =
0.318).

The increase in TN, TP, NPN, NH3-N and microbial protein concentrations (table 9) may be due to
the increase in crude protein content and decrease in fiber content which led to the increase in digestibility
coefficients of all nutrients, or may be due to the improvement in microbial population in the rumen
which plays an important role in rumen fermentation. Coleman (1980) reported that, increase rumen
NH3-N concentration is often associated with the presence of protozoa. Also, microbial protein plays an
important role as it’s analyzed in the abomasum and small intestine by enzymes to produce free amino
acids which absorbed in the small intestine and used by the animal in production of meet or milk (Aziz,
2009). Moreover, Beever and Siddons, (1986) reported that microbial protein synthesized in the rumen
accounts between 50 and 90% of the protein entering the small intestine in ruminants.

The present results are supported by the results obtained by El-Ashry et al., (1997) who reported that
the minimum pH values were observed at 3h post-feeding (ranged between 6.29 and 6.83) with fungal (P.
funiculisms) treated rice straw, while the maximum concentration of total VFAs were observed at 3h
post-feeding. Yang et al., (1999) and Nsereko et al., (2002) found that feeding enzymes enhanced rumen
microbial protein synthesis. McAllister et al. (2001) reported that exogenous enzymes may affect overall
fermentation and end-product formation in the rumen. Also, Soliman, (2006) and Gado et al., (2007)
reported that using exogenous enzymes mixture for crop residues enhanced rumen fermentations for
ruminants. Moreover, Kholif and Aziz (2014) found that addition of cellulytic enzymes in the diet of
goats decreased ruminal pH, while TVFA’s, TN, TP, NPN, NH3-N and microbial protein concentrations
were significant (P<0.01) increase, also they showed a significant (P<0.01) decrease in ruminal pH by
time of feeding, although other parameters reached the highest (P<0.01) values at 4h post-feeding.

Identification and density of ruminal ciliate protozoa species:

Entodinum spp. Epidinium spp., Diplodinum spp., Ophryoscolox spp., Polyolastron spp., Isotrchia
spp. and Dasytrachia spp. were the species of ruminal protozoa that identified in the ruminal fluid of
sheep fed control diet or diets contained DPL incubated or not with enzymes (Table10). Differential and
total numbers of ruminal ciliate protozoa species (x10* cell/ml rumen liquor) were significant increased
(P<0.01) by feeding diets contained DPL incubated with enzymes (D3, D4 and D5), as D5 was the
highest one followed by D4 then D3, although differences were non-significant. Diet received no
enzymes had the lowest counts for ruminal ciliate protozoa with significant (P<0.01) difference except for
Epidinium and Dasytrachia spps. Control diet (D1) showed non-significant (P<0.01) difference with non
or enzymatic diets for numbers of Epidinium, Diplodinum, Isotrchia and Dasytrachia spps., which
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indicated that diets contained DPL incubated or not with enzymes were efficient as the control ration
which contained hay only. Entodinum spp. had the most appearance among all differential kinds of ciliate
protozoa species. Counts of total and differential ciliate protozoa at different sampling times were
significant increased (P<0.01) at 4 hrs post-feeding as it was low per-feeding.

Dehority and Orpin, (1988) showed that diets containing between 40 to 60% concentrate supported
maximal protozoa numbers with a diverse fauna containing species in most of the genera, as concentrates
provide a source of rapidly fermentable carbohydrates for ruminal micro-organisms. The improvement in
ruminal ciliate protozoa numbers (table 10) by exogenous enzymes may be due to enhancing the
hydrolytic capacity of the rumen due to added enzyme activities and/or synergy with rumen microbial
enzymes (Morgavi et al., 2000), or may be due to that enzymes were able to degrade complex substrate to
simpler ones, allowing a faster ruminal microbial colonization and fermentation (Colombatto et al.,
2003).

Table (10): Identification and density of ruminal ciliate protozoa species for Barki sheep fed on the
experimental diets.

Treatment Overall mean

Item Time D1 D2 D3 D4 D5 +SE

Total  protozoa O 6.724 6.282 6.900 7.058 7.206 0.420  6.834°+0.188

count x10* cell 4 6.820 6.551 7.123 7.237 7.388 0.420  7.024°+0.188

/ml rumen liquor

Overall mean 6.772° 6.416° 7.012° 7.148%® 7.297  0.297

Entodinum spp. 0 5.266 4917 5.378 5.458 5.505 0.341  5.305°+0.152
4 5.390 5.200 5.625 5.677 5.730 0.341  5.524%+0.152

Overall mean 5.328° 5.058¢ 5.501" 5567®  5617°  0.241

Epidinium spp. 0 0.172 0.166 0.172 0.180 0.198 0.016  0.177°+0.007
4 0.182 0.174 0.185 0.185 0.198 0.016  0.185%0.007

Overall mean 0.177° 0.170° 0.178° 0.183" 0.198°  0.011

Diplodinum spp. 0 0.130 0.124 0.139 0.157 0.172 0.013  0.144"+0.006
4 0.150 0.141 0.155 0.167 0.180 0.013  0.158%+0.006

Overall mean 0.140° 0.132° 0.147° 0.162%® 0.176*  0.009

Ophryoscolox spp 0 0.172 0.147 0.184 0.188 0.196 0.009  0.177°+0.004
4 0.174 0.154 0.189 0.208 0.223 0.009  0.190%+0.004

Overall mean 0.173° 0.151¢ 0.186° 0.198%® 0.210*  0.006

Polyolastron spp. 0 0.336 0.307 0.348 0.358 0.376 0.023  0.346°+0.010
4 0.337 0.318 0.353 0.373 0.411 0.023  0.357%+0.010

Overall mean 0.336° 0.312° 0.350° 0.365% 0.393*  0.016

Isotrchia spp. 0 0.206 0.197 0.215 0.229 0.243 0.014  0.218°+0.006
4 0.207 0.210 0.225 0.233 0.249 0.014  0.222%+0.006

Overall mean 0.207° 0.203° 0.220%® 0.231%® 0.246  0.010

Dasytrachia spp. 0 0.409 0.373 0.419 0.422 0.439 0.019  0.412°+0.008
4 0.410 0.401 0.434 0.456 0.471 0.019  0.434%+0.008

Overall mean 0.410 0.387¢ 0.426° 0.439%® 0.455  0.013

Means with different letters with each row are significantly different (P<0.01).

TPC (P = 0.297), Entodinum (P = 0.495), Epidinium (P = 0.548), Diplodinum (P = 0.035), Ophryoscolox (P =
0.246), Polyolastron (P = 0.038), Isotrchia (P = 0.063), Dasytrachia (P = 0.027).

The present results are supported by the results of Ivan et al. (2000) who reported that Entodinium
was the most detrimental of ciliate protozoa species. Morgavi et al., (2000) and Nsereko et al., (2000)
found that direct-fed enzymes can enhance microbial colonization of feed by increasing numbers of
ruminal fibrolytic microbes. Nsereko et al. (2002) reported that exogenous enzymes may affect certain
groups of ruminal micro-organisms. Also, Shakweer (2003) indicated that addition of bacteria
(Cellulomonas cellulans) to sugarcane bagasse and rice straw fermented with yeast (Saccharomyces
cerevisiae) plus fungi (Phanerochaete chrsysosporium) in the diet of mature rams increased protozoa
counts at 3h post-feeding compared to those treated with yeast plus fungi only. Moreover, Kholif and
Aziz (2014) indicated a significant (P<0.01) increase of ruminal ciliate protozoa counts by the addition of
cellulytic enzymes in goats diet contained date by- products, also all species were significantly (P<0.01)
affected by time of feeding. Moreover, the data indicated that Entodinum sp recorded the largest count of
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total among all different species of ruminal protozoa for all treatments. The same results of ruminal ciliate
protozoa for sheep and goats with croup residues were obtained by Aziz (2014 and 2015).

Blood serum measurements:

Serum total proteins and albumin concentrations (g/dl) were significant (P<0.01) increased with diets
contained DPL incubated with enzymes more than that of control and non-enzymatic diets (Table 10).
Diet incubated with combination of enzymes (D5) had the highest (P<0.01) values followed by diet of
Fibrolytic enzyme (D4) then diet of Cellulase enzyme (D3), while, diet received no enzymes showed the
lowest (P<0.01) concentrations. Globulin (g/dl), albumin/ globulin and GPT (U/L) concentrations were
not affected by the diets. Serum urea (mg/dl) and GOT (U/L) concentrations were significant (P<0.01)
decreased with enzymatic diets compared to non- enzymatic and control diets, where D5 had the lowest
concentrations. The present results indicate that including DPL not or incubated with enzymes in diets did
not any effect on liver and kidney functions of sheep. All serum components concentrations were affected
by sampling time as they increased (P<0.01) at 4 h post-feeding compared to pre-feeding concentrations.

Similar results were obtained with biological treatments by Kholif et al. (2001), and Aziz (2009, 2014,
and 2015) who reported that biological treatments increased total proteins albumin and globulin
concentrations, and decreased urea concentration, GOT and GPT activity in blood serum. Also Mohamed
and Abou-Zeina (2008) reported similar results with biologically treated sugar beet pulp.

Table (11): Blood serum measurements for Barki sheep fed on the experimental diets.

Item Treatment Overall mean
Time D1 D2 D3 D4 D5 +SE
Total proteins g/dI 0 8.31 8.17 8.91 9.14 9.50 0.250  8.80°+0.112
4 8.78 8.45 9.27 9.58 10.15 0.250  9.24°+0.112
Overall mean 8.55¢ 8.31° 9.09° 9.36" 9.82 0.177
Albumin g/dl 0 4.75 453 5.06 5.40 6.14 0.282  5.18+0.126
4 4.91 4.63 5.27 5.47 6.10 0.282  5.27+0.126
Overall mean 4.83¢ 4.58° 5.16° 5.44° 6.12° 0.199
Globulin g/dI 0 3.56 3.63 3.84 3.73 3.36 0.337  3.62+0.150
4 3.86 3.81 4.00 4.10 4.05 0.337  3.96+0.150
Overall mean 3.71 3.72 3.92 3.92 3.70 0.238
AJG ratio 0 1.33 1.26 1.60 1.52 1.85 0.237  1.51+0.106
4 1.37 1.25 1.32 1.34 1.51 0.237  1.36+0.106
Overall mean 1.35 1.25 1.46 1.43 1.68 0.167
Urea mg/dl 0 32.92 29.74 26.22 25.50 24.48 2291  27.77°+1.095
4 30.40 37.75 29.04 28.08 27.16 2410  30.48%+1.095
Overall mean 31.66" 33.74*  27.63° 26.79% 25.82¢ 1732
GOT U/L 0 24.11 22.62 22.31 21.58 4.50 5.47 22.70+0.544
4 25.68 24.04 23.42 22.14 5.75 5.81 23.87+0.544
Overall mean 23.51% 24.89%  23.33™ 22.86" 21.86°  0.861
GPT U/L 0 450 5.47 4.27 4.60 4.50 0.595  4.67+0.266
4 5.75 5.81 5.45 5.25 4.77 0.595  5.40+0.266
Overall mean 5.12 5.64 4.86 4.92 4.63 0.421

Means with different letters with each row are significantly different (P<0.01).
TP (P = 0.427), Albumin (P = 0.773), Globulin (P = 0.494), A/G ratio (P = 0.568), Urea (P = 0.803), GOT (P =
0.419), GPT (P = 0.786).

CONCLUSION

Feeding diets contained 40 % date palm leaves had no inverse effect on sheep performance compared
to control (based on berseem hay only). The addition of Cellulase and Fibrolytic enzymes and
combinations with each other to diets contained 40 % date palm leaves improved nutrients digestibility
and enhanced nitrogen balance, therefor, rumen fermentations, microbial protein, ruminal ciliate protozoa
counts and blood composition were improved comparing to diets without enzymes.
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