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The present study aimed to investigate the effects of replacing
Berseem hay by different levels of Salix Safsaf hay in rabbit diet on
growth performance, carcass, blood biochemical traits and antioxidant
status. Weaned male New Zealand White (NZW) rabbits about 6 weeks
old (n = 120, mean body weight 701.15 g) were randomly allotted to
four dietary groups. The control group was fed a basal diet including
300 Kg/Ton of Berseem hay(T1); the experimental groups received the
basal diet replacement with 75, 150 and 225 Kg/Ton Salix Safsaf hay of
(300 Kg/Ton) Berseem hay diets (T2, T3 and T4), respectively).The
experimental period lasted for 8 weeks.

Results showed that T4 had the best final body weight, body
weight gain and feed conversion ratio. Dietary including Salix Safsaf
hay improved digestible coefficient of Dry matter (DM), Organic matter
(OM), Crude protein (CP), Ether extract (EE) and nutritive values of
Total digestible nutrient (TDN) and Digestible crude protein (DCP);
Replacement of Salix Safsaf hay had no significant (P<0.9858) effected
on digestible coefficient of crude fiber as compared with control
treatment. Treatment including 225 Salix Safsaf hay significantly
increased N-intake (IN, g/day), digestible N (DN, g/d), retained N (RN,
g/d), the efficiency of intake N converted into digestible N, the efficiency
of intake N converted into retained N and the efficiency of digestible N
converted into digestible N and caecum activity as Total volatile fatty
acid (VFA). While significantly decreased urinary-N (UN, g/day) and
caecum activity as NH3-N (mg\100 dL) as compared with control
treatment. Treatments including 75 Salix Safsaf hay increased carcass
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weight (g) and total edible parts % as well as blood plasma albumine
and glucose contents were increased (p < 0.0011 and 0.05). Dietary
contained Salix Safsaf hay decreased blood plasma total lipids, (mg/l),
triglycerides, (mg/dl), total cholesterol, (mg/dl), low-density
lipoprotein, (mg/dl) very low-density lipoprotein, (mg/dl), aspartate
aminotransferase,(IU) alanine aminotransferase , (IU), alkaline
phosphatase, (ul) (p <0.0171, 0.0190, 0.0001, 0.0015, 0.0036, 0.0511,
0.0542 and 0.0532) respectively. Replacing 150 or 75 Berseem hay by
15 or 225 Salix Safsaf hay increased the blood plasma concentrations
of creatinine and high-density lipoproteins. Total antioxidant capacity
in blood increased (p < 0.0001) for T4 treatment. However,
malondialdehyde was reduced (p <0.001) when Salix Safsaf hay partial
replaced Berseem hay in rabbit diet. Replacing Berseem hay in rabbit
diets by Salix Safsaf hay reduced the feeding cost of experimental
rabbits.

Keywords: Salix safsafs, growing rabbit, performance, digestibility

coefficients, blood parameters, economic efficiency.

Since 2015, the price of feed ingredients exported from abroad had
become very expensive in Egypt, which led to significant reduction in rooster
production and high price of meat and fish. Urgent action is therefore required
to solve the problems, including increasing rabbit's production. Rabbit meat is
of high quality and safety. Rabbit is suitable to be raised for meat production
due to its high feed conversion efficiency, high fecundity and short generation
interval (de Blas and Garvey, 1975). Moreover, rabbits use protein more
efficiently than broiler and up to 20% roughage can be included in their diet
(Cheeke, 1986). In these circumstances, it is important to search non-
traditional feeds in animal feeding having low cost and to raise the product
and decreasing the marketing price of animal products. On the other side,
with shortages of arable land, feed ingredients and water in many countries,
rabbits can help in food production by conversion many agricultural by-
products into meat. Generally, there is no need to use prime forages for rabbit
feeding, and there is no need to use grains that are fit for human consumption.
The list of what ingredients can be incorporated into rabbit feed is enormous
and growing continuously (lbrahim, 2000). Although, the use of tree and
shrub leaves by herbivores may be restricted by negative effects of secondary
compounds on digestion (Provenza, 1995; Salem, 2005; Salem et al., 2006,
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2007). Rabbits have an acute sense of smell that enables them to find
accepted plants. When they find a spot with available feeds, they will come
back time and again until the supply is gone.

The Egyptian willow (Salix Safsaf) is a small tree growing in Egypt
since pre-historic times. It is generally found in wet ground such as along
water-ways. White willow which is also known as the salicin willow has been
used for its health benefits for thousands of years (Saller et al., 2008). Its
branches, being long, thin and pliant, Leaves, seeds, and other parts of the
plant were used in medicine. In the Hearst medical papyrus seeds are
recommended for cooling the vessels, and for cooling a bone after it has been
set (Lise Manniche, 1989). The total N and ME content of willow fodder are
about 26.3 g and 10.5 MJ per kg DM, respectively (ThiMui et al., 2005).
Willow is moderately digestible and highly palatable for livestock and it is a
source of minerals for grazing livestock, including calcium, magnesium,
potassium and zinc (Guevara-Escobar, 1999). Willow species synthesize low
molecular phenolic glycosides, such as salicin (35 g/kg DM) and/or
condensed tannin (CT, 38 g/kg DM) (Pitta et al., 2007). Salicin and salicortin
are the primary salicylates found in white willow (salix safsaf). They are
metabolized by intestinal flora to saligenin Julkunen-Tiitto and Meier (1992),
absorbed into the blood stream, and metabolized by the liver to salicylic acid,;
excretion is primarily through renal (Bissettet, 1994 and Fotsch et al., 1989).

Therefore, the objective of the present work was to study the effect of
feeding growing rabbits with different levels of stem and leave Salix Safsaf
hay as partial replacement of Berseem hay, on growth performance, digestible
coefficient of nutrients, nitrogen metabolism, carcass traits and blood
biochemical characteristics.

MATERIALS AND METHODS

The experimental work of this study was carried out at Nobaria Animal
production Research Station, Behara Governorate, Animal Production
Research Institute, Egypt.

A total number of one hundred and twenty male New Zealand White
rabbits aged 6 weeks with an average body weight of 701.15 g, were divided
into four equal groups each nine animals. The basal experimental diet was
formulated and pelleted to cover the nutrient requirements of rabbits
according to N.R.C (1977) as shown in (Table 1). Small stems and leaves of
Salix Safsaf were collected from the trees which spread behind the branches
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Table (1): Composition (kg/Tons) of the experimental diets:

Ingredients Experimental diets

T1 T2 T3 T4
Berseem hay 300 225 150 75
Salix safsaf — 75 150 225
Barley grains 200 200 200 200
Plant Concentrate 20 20 20 20
Yellow corn 100 100 100 100
Wheat bran 148.4 148.4 148.4 148.4
Soybean meal 44% CP 180 180 180 180
Molasses 30 30 30 30
Limestone 10 10 10 10
Di-Calcum phosphate 5 5 5 5
Sodium chloride 3 3 3 3
Vit-min premix” 3 3 3 3
DL-Methionine 0.6 0.6 0.6 0.6
Total 100 100 100 100
“Price LE 4900 4700 4500 4300

* Vit. and Min. mixture: Each kilogram of Vit. and Min. mixture contains: 2000.000 1U
Vit. A, 150.000 IU Vita. D, 8.33 g Vit. E, 0.33 g Vit. K, 0.33 g Vit. B1, 1.0 g Vit. B2,
0.33g Vit. B6, 8.33 g Vit.B 5, 1.7 mg Vit. B 1,2 3.33 g Pantothenic acid, 33 mg Biotin,
0.83g Folic acid, 200 g Choline chloride, 11.7 g Zn, 12.5 g Fe, 16.6 mg Se, 16.6 mg Co,
66.7 g Mg and 5 g Mn.** LE=Egyptian pounds.

canals of the Nile River in Nobaria, El Behara Governorate Egypt. Salix Safsaf
stems and leaves were left to sun-drying and kept in clean bags until

to using in ration formulations. Chemical analysis of Salix safsaf stems and
leaves was carried out according (AOAC, 1996). The feeding period was
extended for 56 days.

The experimental groups were classified to four groups as follow:
Treatment 1 basal diet contained 300 Kg/Ton Berseem hay and served as
control diet (T1).Treatment 2 basal diet contained 75 Salix safsaf + 225
Berseem hay Kg/Ton (T2).Treatment 3 basal diet contained 150 Salix safsaf +
150 Berseem hay Kg/Ton (T3).Treatment 4 basal diet contained 225 Salix
safsaf + 75 Berseem hay Kg/Ton (T4).

Rabbits were individually housed in galvanized wire cages (30 x 35 x 40
cm). Stainless steel nipples for drinking and feeders allowing recording
individual feed intake for each rabbit were supplied for each cage. Feed and
water were offered ad libitum. Rabbits of all groups were kept under the same
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managerial conditions and were individually weighed and feed consumption
was individually recorded weekly during the experimental period.

Digestibility and nitrogen balance trials:

At the end of the experimental period, all rabbits were used in
digestibility trials over period of 7 days to determine the nutrient digestibility
coefficients and nutritive values of the tested diets. Feces were daily collected
quantitatively. Feed intake of experimental rations and weight of feces were
daily recorded. Representative samples of feces was dried at 60°C for 48 hrs,
ground and stored for proximate chemical analysis. Samples of feed and feces
were analyzed for dry matter (DM), crude protein (CP), ether extract (EE),
crude fiber (CF), and ash according to the classical (AOAC, 1996) methods.
The nutritive value of the experimental diets as DCP and TDN value were
calculated according to Cheeke, et al. (2013). Neutral detergent fiber (NDF),
acid detergent fiber (ADF) and acid detergent lignin (ADL) were also
determined in the experimental rations according to Goering and Van Soest
(1970).

Hemicellulose was calculated as the difference between NDF and ADF,
while cellulose was calculated as the difference between ADF and ADL. Gross
energy (kilo calories per kilogram DM) was calculated according to Blaxter
(1968), where, each g of crude protein (CP) = 5.65 kcal, each g of ether extract
(EE) = 9.40 kcal and each g crude fiber (CF) and nitrogen- free extract (NFE) =
4.15 kcal. Digestible energy (DE) was calculated according to Fekete and
Gippert (1986) using the following equation: DE (kcal/ kg DM) = 4253-32.6
(CF %)- 144.4 (total ash). Non fibrous carbohydrates (NFC) were calculated
according to Calsamiglia et al. (1995) using the following equation:

NFC = 100-{CP + EE + Ash + NDF}.

The CT of salix safsaf was determined according to Makkar (2003), salicin and
phenolic compounds were determined using the high-performance liquid
chromatographic using the procedure of Meier et al. (1988). The urine of each
animal was collected in a glass recipient, containing 10 ml of a 1:1 HCI: H20
solution, to avoid bacterial production and possible losses by volatilization. The
chemical composition of feces, urine and feed was determined according to the
methodologies described by Silva and Queiroz (2002). The values of nitrogen
consumption, nitrogen excreted in feces and nitrogen excreted in urine were
obtained by multiplying nitrogen levels by the amounts of feed ingested and of
feces and urine excreted, respectively; from those values. Nitrogen balance was
calculated as % of nitrogen intake.
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Slaughtering and carcass traits:

At the end of the experimental period (8 weeks), six male rabbits from
each group were randomly taken, fasted for 12 h, individually weighed and
immediately slaughtered. Slaughter procedure and carcass analysis were carried
out as described by Blasco et al. (1993). After complete bleeding, pelt, viscera's
and tail were removed then the carcass and its components were weighed as
edible parts. The non edible parts including lung, spleen, stomach, large
intestine, small intestine and kidney fat were also weighed as percentage of pre-
slaughter weight. Dressing percentage was calculated by dividing the hot
dressed carcass weight by pre-slaughter weight and expressed as a percentage
according to Steven et al. (1981).

Blood Sampling and determination of biochemical parameters:

Blood samples of five rabbits from each dietary treatment (5 ml from each
rabbit) were collected during slaughtering to determine blood measurements. Plasma
was separated from blood by centrifugation at 1000 g for 20 min and stored at —20°C
till assayed. Plasma total protein, albumin, triglycerides, total cholesterol, LDL and
HDL-cholesterol, vLDL, and total lipids were calorimetrically determined using
commercial kits (purchased from Bio-diagnostic, Egypt) according to the
manufacturers' instructions. Plasma globulin concentration was calculated by the
difference between total protein and albumin. Glucose was determined according to
Trinder (1969). Aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) were assayed according to Fawcett and Soctt (1960), plasma lipid peroxidation
activity was assayed using the method of Chiu et al., (1976). Total antioxidant capacity
(TAC) was determined according to Diamond Bio diagnostic, Egypt. Alkaline
phosphatase was determined by calorimetric method of Szasz, (1969). Plasma
creatinine was assayed according to Caraway, (1963). Urea nitrogen was measured by
means of spectrophotometer according to Fawcett and Soctt (1960).

Relative economic efficiency:

The relative economic efficiency of the experimental diets for the cost of
feed required for producing one kg of body weight gain were calculated. The
cost of the experimental diets was calculated according to the price of different
ingredients prevailing in local market, as well as, the price of testing materials
at the time of experimentation. Economic efficiency was calculated as a ratio
between the return of weight gain and the cost of consumed feed.

Statistical Analysis:

The experimental design was completely randomized using the General
Linear Means of SAS (2001). Measured parameters were analyzed using the
following statistical model:
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Yij=pu +di+eijj.
Where yij is the value measured, p is the overall mean effect, di is the ith diet
effect and «ij is the random error associated with the jth rabbits assigned to the
ith diet. Significant differences of P<0.05 among means were determined using
Duncan’'s Multiple Range Test (Duncan ,1955).

RESULTS AND DISCUSSION

Chemical analysis and cell wall constituents of the tested materials and
the experimental diets are presented in Table 2. The chemical composition of
Salix safsaf as crude protein, ether extract, ash, gross energy, hemicelluloses,
cellulose, dry matter, organic matter, crude fiber, nitrogen-free extract,
digestible energy (Kcal/kg DM), non fibrous carbohydrates, acid detergent
lignin, acid detergent fiber and neutral detergent fiber contents were in the same
range for both stems and leaves of Salix safsaf and Berseem hay.

Salix hay contained an adequate amount of N, DM, organic matter, crude
protein, NDF, ADF and DE, which support moderate growth of livestock
(McWilliam 2004). Jo Smith et al (2014) reported that leaves + stem of willow
tree contained 167 g/kg crude protein on dry matter (DM), while the Neutral
detergent fibre, Acid detergent fiber and lignin concentration were 573, 410 and
184 g/Kg dry matter, respectively. However, the organic matter digestibility
determined by in vitro pepsin-cellulase method was low (0.405 for leaf + stem)
and it might be suitable for other animal groups with lower energy
requirements. No condensed tannins (CT) or salicin was detected in Berseem
hay but salix safsaf had a relatively moderate (CT) and high salicin contents,
(Table 2). The stems and leaves of Salix safsaf contained substantial
concentrations of secondary metabolites, including lignin, CT, salicin and other
phenolic compounds. The experimental diets were iso caloric and iso
nitrogenous. Protein contents for the four tested rations (T:—T4) ranged from
16.89 to 17.11%, the digestible energy values ranged from2557 to 2616 (kcal/
kg DM) for all diets. All parameters determined of chemical analysis were
similar for the different experimental diets regardless the phytochemicals
content of used Salix safsaf.

Nutrient digestibility and nutritive values:

Digestibility coefficients and nutritive values (%) of the experimental
diets are shown in Table 3. Dietary treatments had no significant effects on
crude fiber digestibility coefficients. Significant effects on crude fiber
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Table (2): Chemical analysis and cell wall constituents (%) of the tested
materials and the experimental diets.

Tested materials Experimental diets
Salix safsaf

Iterms Berseem |(stems  + | TL | T2 T3 | T4

A | eaf)
Chemical analysis (%)
Dry matter | 915 | 9047 | 905 | 9122 [ 91.07 [91.23
Chemical analysis on DM basis
Organic matter (OM) 88.03 86.21 91.29 91.58 91.37 | 9141
Crude protein (CP) 11.18 12.25 16.89 16.97 17.11 | 17.02
Crude fiber (CF) 25.91 22.87 13.43 12.89 1320 | 13.23
Ether extract (EE) 1.67 3.26 2.94 2.97 2.99 2.98
Nitrogen-free extract (NFE) 49.27 47.83 58.03 58.39 58.07 | 58.18
Ash 11.97 13.79 8.71 8.42 8.63 8.59
Gross energy(Kcal/kg DM)" 3908.6 | 3932.6 4196.2 4196.1 | 42054 | 42052
Digestible energy
(Kcal/lkg DM)? 1679.9 | 1516.2 2557.5 2616.9 | 2576.5 | 2581.3
Non fibrous
carbohydrates (NFC)? 29.2 26.8 33.7 34.3 33.7 33.8
Cell wall constituents
Neutral ~ detergent  fiber
(NDF) 45943 43.946 37.74 | 37.39 3759 | 3761
Acid detergent fiber (ADF) 40.9 38.7 225 222 224 224
Acid detergent lignin (ADL) 27.3 22.7 10.3 8.8 9.4 9.9
Hemicellulose 5.0 53 15.2 15.1 15.2 15.2
Cellulose 13.6 15.9 12.3 134 13.0 12.5
Phenolic compounds ND 8.32 ND ND ND ND
Condensed tannins ND 3.7 ND ND ND ND
Salicin (g/kg dry matter) ND 12 ND ND ND ND

1Gross energy (kilo calories per kilogram DM) was calculated according to Blaxter (1968), where,
each g of crude protein (CP) = 5.65 kcal, each g of ether extract (EE) = 9.40 kcal and each g crude
fiber (CF) and nitrogen-free extract (NFE) = 4.15 kcal.

2Digestible energy (DE) was calculated according to Fekete and Gippert (1986) using the following
equation: DE (kcal/ kg DM) = 4253-32.6 (CF %) -144.4 (total ash).

3 Non fibrous carbohydrates (NFC), calculated according to Calsamiglia et al. (1995) using the
following equation: NFC = 100-{CP + EE + Ash + NDF}. Hemicellulose = NDF-ADF. Cellulose =
ADF-ADL. ND: Not determines.

digestibility coefficients. Rabbits received (150 salix safsaf + 150 Berseem hay

or 225 salix safsaf + 75 Berseem hay Kg/Ton) diet recorded the highest
digestibility coefficients of DM, CP and nutritive values as (TDN and DCP).
Increased digestibility and N-utilization may be due to positive impacts of
salix safsaf on absorption and utilization of nutrients. Low to medium
concentrations of CT (20 —40 g/ kg DM) occurred in willow forages,



EVALUATION OF EGYPTIAN TREE WILLOW LEAVES AND ON RABBITS 47

Table (3): Digestibility coefficients and nutritive values (%) of the
experimental diets.

Experimental diets

Item 1 ‘ T2 | T3 | T2 SEM | Pvalue
Digestibility coefficients:

Dry matter (DM) 60.28° [ 6556™ [ 68.12° | 70.83° [ 1.48 0.0400
Organic matter(OM) 72.33° | 75.07® | 76.62® | 77.56° | 0.90 0.0400
Crude protein (CP) 75.10° | 76.20° | 79.01* | 79.00° | 0.28 0.0003
Crude fiber (CF) 54344 |55979 | 56.334 | 56.334 | 3.41 0.9858
Ether extract (EE) 65.20° | 66.03° | 70.86° | 67.95® | 1.05 0.0500

Nitrogen-free extract

b ab ab a
(NFE) 78.24 80.45" | 81.61" | 82.37 0.70 0.0090

Nutritive values and nitrogen balance:

(TT"SI'\]) digestible  nutrient | o ze0 | 6o g7 | 72007 | 7275 | 0.85 | 0.0300

(D[;%esg'b'e crude protein | 1o gac | 1993 | 1352° | 13.44° | 005 | 0.0001

a, b and c: Means in the same row having different superscripts differ significantly (P<0.05).
SEM= Standard error of the mean.

increased the efficiency of protein digestion by increasing flow of N to the
intestine relative to N intake, increased flow of essential amino acids out of
the abomasum by 50-53 % and increased net absorption of essential amino
acids from the small intestine by 59-63 %, with no effect on digestibility
(McWilliam, 2004). While, Rabbits received (225 salix safsaf + 75 Berseem
hay Kg/Ton) diet recorded the highest digestibility coefficients of OM and
NFE. These results may be due to that rabbits have the ability to adjust its
voluntary feed intake in response to changes in dietary energy concentration
(Partridge et al., 1989). Rabbits fed on 150 salix safsaf + 150 Berseem hay
Kg/Ton) diet recorded the highest digestibility coefficients of EE. These
results may be due to the limit dose of polyphenol from (SBP) has ability to
inhibit alpha-amylase that may influence different steps in starch digestion in
a synergistic manner (McDougall et al., 2005).

Growth performance

The experimental treatments of productive performance are presented
in Table 4. Dietary stems and leaves of Salix safsaf hay (T4) treatment
significantly (P<0.05) increased the final body weight, total body weight gain
and average daily gain, while showed insignificant effects (P>0.05) on feed
intake. The increased growth rate in rabbits fed T4 may be due to increased
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Table (4): Growth performance traits of the experimental groups.

Experimental diets P-
Item T1 i T3 T | SBM | vae
Initial weight, g 70583 | 70375 | 69750 | 69750 | 1584 | 0.9849
Final weight, g 1997.08° | 198317° | 205208° | 211917 | 1769 | 0.0001
Body weight gain, g 1291.25" | 127942° | 134875 | 142167 | 25.34 | 00012
Duration period, 56 days
Average daily gain, g | 2306° | 2285° [2409°] 2539° | 045 [ 00012
Feed intake as:
Dry matter, g/h/d (DM]) 9729 9633 | 927 | 9486 | 094 | 03846
Crude protein , gh/d (CPI) 1643 1634 | 1648 | 1615 | 016 | 04990
(%%e;tl')b'e crudeprotein, ghid | o5 | qoase | 1302 | 12760 | 013 | 00022
(TTOSI'\I?)'QGS“MG nurent ghid | oo | g738® | 6039 | 6900° | 076 | 00107

Digestible energy, kall/d (DEI) | 24881 | 25208 | 24805 | 24486 | 244 | 02685

Feed conversion (g intake/ g gain):

Dry matter 423 425 402 [375 008 | 0.0008
Crude protein 0588 0564 0596 | 0576 0.018 | 0.6264
Digestible crude protein 0.442 0430 0471 | 0455 0014 | 02125
Total digestible nutrient 2.362 2.323 2511 | 2461 007 | 03018

Digestible energy (Kcal intake /g

: 8.896 8.702 8979 | 8733 027 | 08821
gain)

a, b, and c: Means in the same row having different superscripts differ significantly (P<0.05)
SEM= Standard error of the mean.

feed utilization in this group Table (3) and could be due to an increased
digestibility and N-utilization (McWilliam, 2004). These results was in
agreement with Salma et al (2014) who found that final live body weight,
average daily gain, feed intake and feed efficiency of rabbits fed Salix
tetrasperma hay replacement with 25% and 50% of Berseem hay were higher
(P<0.05) than those fed 75% and the control. Also, Al-Fataftah and
Abdelgader (2013) reported that broiler birds provided with Salix babylonica
extracts in drinking water exhibited the maximum final BW, average daily
gain and feed conversion improved compared with other groups.

Rabbits received (225 salix safsaf + 75 Berseem hay Kg/Ton) diet
increased the final body weight, total body weight gain and average daily gain
6.11, 10.10 and 10.10%, respectively. So, results indicate that the responses to
dietary tannin are variable and depend on the type, source and concentration
of tannin used, animal species and basal diet fed. Maertens et al., (2005)
showed that rabbits fed the tannin enriched diet at 57 days reached a live
weight higher by 6% (P<0.01) with a daily weight gain comparable with
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control group. Rizzi and Chiericato (2008) demonstrated that the use of Salix
alba for growing rabbits allowed a better productive performance.

Dietary stems and leaves of Salix safsaf hay treatments insignificant
(P>0.05) decreased feed intakes of (DM, CP and DE) compared with control
diets. However, rabbits fed on T3 and T4 diets recorded the highest digestible
crude protein, g/h/d (DCPI) and total digestible nutrient, g/h/d (TDNI) dry
matter intake.

These results were accepted with Barry and McNabb, (1999) who
reported that condensed tannins increases protein absorption and utilisation by
binding strongly to proteins to form a pH-dependent complex, which is not
degradable at normal rumen pH (6.0-7.0), but disassociates at normal
abomasal pH (2.5-3.5) with the protein absorbed from the small intestine.
However, phenolic glycosides, salicin + other phenolic glycosides could be an
important source of glucose to increase the synthesis of rumen microbial
protein. Also, fiber is one of dietary components which usually contain 35 to
40% neutral detergent fiber (De Blas and Mateos, 1998). It helps to maintain
a high rate of passage, avoiding the accumulation of digesta in the caecum
that reduce feed intake and impairs growth (De Blas et al., 1999).

Dietary stems and leaves of Salix safsaf treatments significantly
(P<0.05) improved feed conversion ratio (g intake /g gain) of DM. Also, feed
conversion (g intake /g gain) of CP, DCP, TDN and (kcal intake /g gain) of
DE were improved when Salix safsaf used as a partial substitute of Berseem
hay in rabbit diets. The best feed conversion was recorded by the rabbits that
fed on T2 diet.

Nitrogen balance and caecum activity

The effect of replacement Salix safsaf at different levels of Berseem hay
on nitrogen metabolism and caecum activity are shown in Table 5. The fecal
N (FN) had no significant affected (p = 0.1795) by replacement salix safsaf
with Berseem hay, while N (IN), digestible N (DN), retained N (RN), the
efficiency of intake N converted into digestible N (DN/IN), the efficiency of
intake N converted into retained N (RN/IN) and the efficiency of digestible N
converted into digestible N (RN/DN) significantly increased with the salix
safsaf levels increase (p = 0.011, 0.0012, 0.0101, 0.0522, 0.05 and 0.0115,
respectively).
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Table (5): Nitrogen metabolism and Caecum activity of the experimental

groups.
Treatments

Item T T2 T3 Ta SEM | Pvalue

N-intake (IN, g/day) 3.08° 3.17° 3.26® | 3.65° 019 |0.0114

Faecal-N (FN, g/day) 1.08 1.09 117 1.15 021 |[0.1795

Urinary-N (UN, g/day) 0.97° 0.98° 081" |073° 0.11 ] 0.0500

Digestible N (DN, g/d)’ 2.00° 2.08° 2.09° | 250° 073 ]0.0012

Retained N(RN, g/d)? 1.03° 1.10° 1.28® | 1.77° 009 |0.0101
DN/IN (%)° 6494 |6561° |64.11° |6849° [1.70 |0.0500
RN/IN (%)* 3344° [3470° [39.26° |4849° [116 | 0.0500
RN/DN (%)’ 51.50° [52.89° |61.24° |[70.8° 299 10.0361
Caecum activity

pH value 6.37 6.29 6.11 6.07 1.31 | 0.1500
NH3-N (mg\100 dL) 3452° [29.72™ [ 28.41° [ 2430° [059 |0.0425

TVFA(Mmol/100 ml) 5.83" 597° [5.93" |6.87° 017 ]0.0115

a and b : Means in the same row having different superscripts differ significantly (P<0.05)
SEM= Sstandard error of the mean.

DN = IN-[1 FN.?RN = IN[J-FN-UN. *DN/IN (%) = the efficiency of intake N converted
into digestible N.

*RN/IN (%) = Efficiency of intake N converted into retained N. RN/DN (%) = the
efficiency of digestible N converted into digestible N.

In the term of the cecum activity, the NH3-N (mg\100 dL)
significantly decreased (p = 0.0425), while total VFA values were higher
(P<0.05) with rabbit groups fed on (225 salix safsaf + 75 Berseem hay
Kg/Ton) diet (6.87 mleg/100ml). Dietary administration of stems and leave
salix safsaf to young rabbits from weaning, improved biochemical traits of
caecum content: the lower NH3 (24.30 versus 34.52 mg\100 dL ; P<0.0425)
and pH values (6.07 versus 6.37; P>0.05) and the TVFA content (6.87
versus 5.83 mmol/100 ml; P<0.0115) indicated a higher fermentation of gut
microflora. Volatile fatty acids (VFAs) produced as a result of caecal
fermentation of digestible fibre or undigested nutrients provide a vital
source of energy for the rabbits (Nicodemus et al., 1999). Also, decreasing
acid detergent lignin (ADL) inclusion linearly increased caecal VFA
concentration of growing rabbits (Table 2). These values are in general
agreement with those obtained by Garcia et al. (2002). In addition, no effect
was observed on PH value among the treatments (P>0.05). Also, Salma et
al. (2014) reported that rabbits fed diet containing 50% Salix tetrasperma
hay as Berseem hay replacement had the highest (P<0.05) N balance and N
digested values compared to other groups(25 and 50%).
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Carcass traits

The effect of stems and leaves of salix safsaf hay inclusion on the
carcass characteristics of rabbits is shown in Table 6. The obtained results
revealed that significant increases (P<0.05) in hot carcass weight and total
edible parts % of rabbits fed on diet (T2). While, dressing %, edible giblets
% and total non edible parts % had no significant affected (P >0.05) by
replacement salix safsaf with Berseem hay. These results are in agreement
with Salma et al. (2014) who found that partial replacement of Berseem hay
with Salix tetrasperma hay at 75% of rabbits diets had the highest (P<0.05)
carcass performance compared with 25%, 50% or control rabbits.

Plasma biochemical components:

Data of plasma biochemical components showed that the concentration
of plasma albumin and glucose of rabbits fed diets containing 150 salix safsaf
hay Kg/Ton or 225 salix safsaf hay Kg/Ton) were significantly lower (p <
0.0311 and 0.05) than those group fed on T1 and T2 diets (Table 7). However,
there were no significant differences among the experimental groups regarding
the total protein and globulin. Increased total plasma protein and albumin of
rabbits fed on diets containing 150 salix safsaf hay Kg/Ton or 225 salix safsaf
hay Kg/Ton) diets was an indication of the relatively good protein quality and
due to the level and availability of the dietary protein. However, total protein
and albumin were within the ranges for healthy rabbits (Ajayi and Raji, 2012).
Higher values obtained for the rabbits received T3 and T4 diet indicates that the
tannin level of Salix saf saf hay was safe and beneficial that levels. Glucose
concentrations of rabbits fed on T3 and T4 diet were lower (P<0.05) than those
fed on T2 or T1 diets. The increase in plasma creatinine and plasma urea level
and corresponding decrease in plasma glucose levels suggest that these
constituents are negatively correlated. This is in support of Esonu et al. (2001)
that animal will normally fall back to the stored energy in the muscles
(phosphor creatine) when there is a reduction in blood glucose level. Depressed
plasma glucose levels of rabbits fed on T3 and T4 diet possibly reflect the
lower energy of Salix safsaf hay. Glucose levels were within the range
indicated for healthy rabbits (Ozkan et al., 2012), and it appears plausible to
infer that the depressed serum glucose was due to tannic acid intoxication and/
or the animals were not surviving at the expense of body tissues.

In the terms of kidney function, urea nitrogen, (mg/dl) and uric acid,
(mg/dl) had no significant affected (p = 0.1711 and 0.1612) by replacement
Salix safsaf with Berseem hay, while creatinine, (mg/dl) was significantly
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Table (6): Carcass characteristics of NZW rabbits
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as affected by dietary

treatments
Experimental diets P-
Item T1 T2 T3 T4 SEM 1 Value
Pre-slaughter weight (g) 17772 | 1775.0 | 1796.0 |1749.0 | 21.35 | 0.5380
Carcass weight (g)’ 1052.5° | 1102.5* | 1059.5® | 1070.7®° | 14.90 | 0.0352
Dressing % 59.2 62.2 59.0 61.2 112 |0.1755
Edible Giblets %° 3.82 412 4.10 4.20 0.09 | 0.0686
Total edible parts %° 63.04° |66.32° |63.16° |6542® |[1.05 |0.0111
Total Non edible parts % 36.96 | 33.68 36.84 34.70 115 |0.0812

a and b: Means in the same row having different superscripts differ significantly (P<0.05)
SEM-= standard error of the mean.
! Weight of hot carcass including head as percentage of pre-slaughter weight; *Edible
giblets (%) = (liver (g) + kidney (g) + heart (g))/pre-slaughter weight (g) x 100%; *Total
edible parts as dressing (%) = (carcass weight (g) + weight of edible giblets (g))/Pre-
slaughter weight (g) x 100%.

Table (7): Blood plasma biochemical metabolites of rabbits fed the dietary

treatments.
Experimental diets P-

Item T1 T2 T3 T2 | SEM | value

Total Protein, (g/dl) 5.62 5.79 6.09 6.01 0.30 | 0.5008
Albumin, (g/dI) 359° 3.50° 3.97° 413" | 046 |0.0311
Globulin, (g/dl) 2.03 2.29 212 1.88 092 | 0.1055
Glucose,(mg/dl) 91.77° | 90.09% 87.66° 89.94% | 1.83 | 0.0500
Urea nitrogen,(mg/dl) 62.22 61.94 60.03 59.91 3.39 | 01711
Uric acid,(mg/dI) 0.49 0.50 051 052 0.19 |0.1612
Creatinine,(mg/dl) 0.60° 0.63% 0.65° 0.67° | 0.02 |0.0051
Total lipids, (mg/l) 401.25° | 387.75® | 370.75° | 332.50° | 22.4 | 0.0171
Triglycerides, (mg/dI) 56.06° | 40.09° 40.28° 32.31° | 2.40 |0.0190
(Tn:tgzjldl) Cholesterol, | g6 192 | 7912 | 8010® | 7030° | 603 | 0.0001
HDL, (mg/dl) 4887° | 49.41° 54.68° 54.66° | 0.98 | 0.0055
LDL, (mg/dI) 36.21° | 3092° 28.14° 27.28" | 0.88 | 0.0015
vLDL, (mg/dI) 13.25° | 10.98° 10.76" 9.82° | 054 |0.0036
AST,(IU) 55.79° | 50.15° 49 65 48.77° | 0.47 ]0.0500
ALT, (IU) 33.67° | 29.78° 30.11° 29.47° | 0.29 |0.0500
'a';a"”e phosphatase, | 17302 | 1504% | 1342° | 1245° | 0.21 | 0.0500
TAC,(mmol/l) 0.789° | 1.308" 1.456® 1.647° | 0.054 | 0.0001
Iﬁéfcl)iu des,mmolim) 1675° | 1541® | 1394° | 1212° | 071 |0.0421

a, b, and c: Means in the same row having different superscripts differ significantly (P<0.05)
SEM= Standard error of the mean.
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increased with the salix safsaf levels in Berseem hay diets were increase (p =
0.0050). The serum urea and creatinine levels were below the normal range of
8.1 - 25.0 mg/l and 1.4 - 16.6 mg/l reported by Kronfield and Mediway (1975)
for rabbits reared in the temperate climate. The elevated creatinine
concentration of rabbits displayed the decreased biological value of rabbits fed
on T3 and T4 diets compared to those fed on T2 and control diets.

Plasma total lipids, cholesterol, triglycerides, LDL, (mg/dl) and vLDL,
(mgy/dl) levels were significantly decreased (P < 0.0171, 0.0036, 0.0001, 0.0015
and 0.0190) with increasing dietary levels of Salix safsaf, respectively.
However, the concentration of HDL increased significantly (p < 0.0055) with
increasing dietary Salix safsaf levels. This could be that salix safsaf inhibits the
incorporation of 14C-labelled acetate into the non-saponifiable lipid fraction
and thus reduced lipid profile biosynthesis and/ or it could have indirect
inhibitory effects exerted at the levels of HMG-CoA reductase, a key enzyme
in lipid biosynthesis. This would suggest that salix safsaf in rabbit diets were
capable of reducing plasma lipid profile, thereby helping to reduce the
deposition of cholesterol in the skin and muscles. This equally implies that salix
safsaf could be incorporated in diets that will result in animal products with
reduced cholesterol content. The fall in plasma cholesterol level of rabbits fed
Salix Safsaf hay diets probably suggests a general decrease in lipid
mobilization. The reduction in the total lipids, (mg/l), triglycerides, (mg/dl),
total cholesterol, (mg/dl), LDL, (mg/dl) and vLDL, (mg/dl) level of rabbits fed
Salix safsaf in barseem hay diets is in agreement with the findings of Salma
et al. (2014) that Salix tetrasperma hay in the diets of rabbits resulted to a
decrease in the total lipids, cholesterol and triglecerides levels. In term of
the liver function, AST, (IU) and ALT, (IU) were affected with replacement
different levels of salix safsaf to barseem hay diets. It was observed that
AST, (IU) and ALT, (IU) levels were significantly decreased (P < 0.0511
and 0.0524) with increasing dietary levels of salix safsaf.

Plasma levels of AST and ALT activity are those conventionally used
for diagnosing domestic animal hepatic damage, specifically, and are used
to detect bile obstruction (i.e. mild and progressive damage to the liver).
Normal ranges for AST and ALT are 42.5-98.0 and 48.5-78.9 IU/L (Ajayi
and Raji, 2012). That none of these blood metabolites differed among diets,
and that all of them fell within the normal ranges for rabbits, suggest that no
damage had occurred in the liver. Rabbits, particularly those consumed salix
safsaf which contained CT, did not show clinical signs of morbidity or signs
of tannin toxicity. Absence of signs of ill health and mortality in rabbits that



54 BASYONY et al.

consumed T3 and T4 diets, in which CT were more concentrated, confirms
the non-toxic level of CT in Salix safsaf. The same trend was observed for
blood plasma alkaline phosphatase activity level (IU/L) which was
significantly (P< 0.0532) decreased with Salix Safsaf hay diets. The plasma
alkaline phosphatase (ALP) values were within the standard range of 17-192
ul recommended for clinically healthy rabbits (Hewitt et al., 1989).

Biomarkers of antioxidant status

The effects of different levels of Salix Safsaf hay on blood antioxidant
constituents of rabbits are presented in Table 7. A significant, dose-
dependent decrease (p < 0.001) of plasma Lipid peroxides, (mmol/ml) was
observed in rabbits fed diets supplemented with salix safsaf with barseem
hay. An opposite effect was noticed regarding TAC, (mmol/l), where the
values were significantly (p < 0.0001) increased with increasing Salix Safsaf
levels in the diets. As Lipid peroxides is present in lipoproteins, this blood
constituent decreased with increasing dietary Salix Safsaf level like other
lipids, cholesterol and triglycerides. In this respect, Sulaiman et al. (2013)
recorded that Salix alba extract have good free radical scavenging activity
and can be used as a radical inhibitor or scavenger, acting possibly as a
primary antioxidant. Also, polyphenolic compounds are known to have
antioxidant activity (Zheng and Wang, 2001; Chen et al., 2002; Luximon-
Ramma et al., 2005 and Djeridane et al., 2006). This result is parallel with
findings of Khayyal et al. (2005) and Sharma et al. (2011) who showed that
willow bark extract reduced oxidative stress and increased glutathione
(GSH) in several animal arthritis models. In the present study, an opposite
effect was noticed regarding TAC, where the values were significantly
increased with increasing Salix Safsaf levels. These results confirm that the
antioxidant activity of phenolic compounds in willow (Salix) is mainly due
to their reduction—oxidation (redox) reactions and chemical structure
(Arsenov et al., 2017).

Economic evaluation:

Final body weight, length of the growing period and feeding cost are
generally among the most important factors involved in achievement of
maximum efficiency values of meat production. The relative economic
efficiency (REE) of the different formulated diets as affected by different
treatments is shown in Table 8. It should be pointed that the relative
economic efficiency values were calculated according to the prevailing
market selling price of 1 kg LBW. Results indicated that using salix safsaf
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Table (8): Economical efficiency as affected by dietary treatments.

Treatment groups

Items T1 T2 T3 T4
Total average weight gain (g) 1997 1983 2052 2119
Price of 1kg body weight 30 30 30 30
Selling price/rabbit (LE) (A) 59.9 59.5 61.6 63.6
Total feed intake (Kg) 5.448 5.395 5.391 5.312
Price/kg feed(LE) 4.9 4.7 45 4.3
Total feed cost/ rabbit (LE) (B) 26.7 254 24.3 22.8
Net revenue(LE)" 33.2 34.1 37.3 40.8
Economic efficiency? 1.24 1.34 154 1.79
Relative Econ. Eff. 100 107.97 123.45 14391

(1) Net revenue = A - B.

(2) Economic efficiency = (A-B/B).

(3) Relative Economic Efficiency= Economic efficiency of treatments other than the
control/ Economic efficiency of the control group.

as replacement of Berseem hay in growing rabbit diets improved slightly the
net revenue and reduced the total feed cost. The lowest total feed cost / rabbit
(22.8 LE) was observed with rabbits fed the diets (225 salix safsaf + 75
Berseem hay Kg/Ton). Data showed that 75% Salix Safsaf hay in Berseem hay
diet to growing rabbit gave the best economic efficiency (1.79). The results
indicated that 75, 150 and 225 Kg/Ton Salix Safsaf hay as a partial replacement
for 300 Kg/Ton Berseem hay improved the REE of diets by 107.97, 123.45 and
143.91%, .respectively when compared with the rabbits fed on 300 Kg/Ton
Berseem hay diet. While the economic efficiency values were raised with salix
safsaf in Berseem hay diets 8.07, 24.19 and 44.36%, respectively, compared
with rabbits fed the control diets. No available feasibility study about the cost of
diets when Safsaf hay is partial replaced Berseem hay.

Conclusion, Salix Safsaf hay can be considered as good source of
principle compounds as Berseem hay. The results of the study revealed that all
tested levels of Salix Safsaf hay were useful as a natural feed substitution with
Berseem hay to maintain performance, carcass traits and antioxidant status and
could reduce the negative effects of feed cost for rabbits.
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