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Abstract 
A digestibility experiment data of 36 observations of 6 animals during 6 successive 

days fed two iso-caloric and iso-nitrogenous totally mixed diets (TMD) were analyzed 

to evaluate digestibility and voluntary feed intake of date palm by-products. The first 

diet (NCD) formulated based on crushed palm fronds and date waste, whereas the 

second diet (CD) based on barley grains and crushed Rhodes hay. Animals used were 

adult Awassi rams (3 animals for each diet treatment) of similar body weight (51.8 ± 

1.47 kg). Animals were accommodated in individual digestibility crates and fed the 

experimental diets for 30 days of which 24 days for adaptation and 6 days for data 
collection. Daily feed intake, fecal and urine outputs were measured. Blood samples 

were collected daily. Chemical composition of feed and feces and urine nitrogen 

content and serum blood metabolites levels were determined. Digestibility coefficients, 

nitrogen balance parameters and blood metabolites levels were examined for 

significance of differences between the 2 experimental groups using unpaired student t 

test. Results indicated that NCD fed rams consumed daily significantly (P<0.05) 

higher amount of dry matter, DM (2110.9 g vs.1894.6 g), crude fiber, CF (420.1 g vs. 

325.9 g), crude protein, CP (529.8 g vs. 447.1) and ash (213.2 vs. 158.1 g) but 

significantly (P<0.05) lower amount of ether extract, EE (10.6 g vs. 24.6 g) than those 

of CD group. NCD group had significantly (P<0.05) higher ash digestibility but had 

(P<0.05) lower EE digestibility and metabolizable energy of feed (9.7 MJ/kg DM vs. 
10.4 MJ/kg DM) than CD group. NCD rams group significantly (P<0.05) excelled CD 

group on retained nitrogen amount and as percentages of nitrogen intake or digestion. 

For blood metabolites levels, the difference between diet treatments was significant 

only for total cholesterol and its derivatives, where CD group always had higher values 

than NCD group. This study demonstrated that the non-conventional date palm by-

products-based diet (NCD) proved to be highly palatable and well consumed by sheep. 

It is also well digested and converted into body weight gain. 
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Introduction 
 

Qatar is a semi-arid country of low rainfall. 
Ruminants kept in such region may not be able to cover 
their nutritional requirements on local feed resources. 
The annual livestock concentrate feed consumption in 
Qatar during the year 2016 was about 231 thousand 
tons and the self-sufficiency ratio was 24.6% 
(Agricultural Bulletin – MME, 2017). According to 
DAR-MME reports (2017) the population of livestock 
national herd at the end of the year 2017 was 1.45 
million and the average annual herd growth rate for the 
last five years was 16.1%. This herd growth rate is 
expected to increase progressively due to the urgent 
governmental policy to encourage the private sector in 
the country to invest in projects that ensure food 
security from red meat and milk products. This will 
consequently leads to an increase in annual feed 
consumption which necessitates looking for low cost 
local feed resources.  

According to the Annual Bulletin of Crop Areas 
and Production -MME (2017), there are about 674 
thousand date palm trees in farms plus about one 
million palm trees in streets and squares. The annual 
production of date in the state of Qatar in 2016 was 
approximately 29 thousand tons including 20% 
discarded dates. These could be used for feeding 
animals with high-energy supplements (Mikki et al. 
1986; Al-Yousef et al., 1993, Ahmed and Al-Dabeeb, 
2000). A date palm tree can produce up to 20 kg of dry 
fronds annually (Chehma and Longo 2001, Pascual et 
al., 2000), therefore, this number of trees can avail 
about 33.5 thousand tons of dry fronds per year. 

Date palm tree by-products including whole dates, 
pits and fronds, etc. have been used for feeding of 
poultry, fish and ruminants (Mahgoub et al., 2012). The 
date palm by-products (DPBP) nutritive value is limited 
by low Crude Protein CP content. Mature date fruits 
usually contain less than 3% protein (Al-Orf et al,. 
2012). Arbouche and Arbouche (2008) reported that the 
nutritive value of the date palm leaves is limited by 
deficiencies of both CP and metabolizable energy. 
Norton et al. (1994) stated that such a low dietary N 
supply is not sufficient to ensure an optimal metabolic 
activity and growth of ruminal microbiota. Moreover, 
animal feed intake and digestibility may be reduced due 
to high level of lignification in palm leaves (Genin et 
al., 2004). Thus, animals consume these by-products as 
sole feed are more likely to meet only maintenance 
nutrient requirement (Arbouche and Arbouche, 2008). 
Livestock producers in Qatar usually use standard diets 
containing barley grains, wheat bran and Rhodes hay in 
feeding of their animals. 

Elhag and El-Khanjari (1992) and El Hag (1995) 
used whole dates and date by-products in Omani sheep, 
goats and cattle. Date by-products were also used in 
multi-nutrient blocks (El Hag et al., 2002). Wasted 

dates are highly energetic feeds. According to Sawaya 
et al. (1983) date flesh contains 733 g total sugar/kg. 
Guessous et al. (1985) reported a mean of 461 g hydro 
soluble carbohydrates/kg DM in wasted dates. 
Vegetative parts (leaves and stem) have characteristics 
of roughages with high contents of structural tissues. 
The percentage of NDF, ADF and ADL in date palm 
leaves ranges were 60-90, 42-65 and 10-20% DM, 
respectively (Arhab et al,. 2006; Ziaei and Sharifi 
Hosseini, 2009, Medjekal et al., 2011, Genin et al., 
2004). Date fruits are highly palatable and digestible 
feedstuffs that could be used as an energy source to 
replace a part of the concentrates in the ration (Al-
Dobaid et al., 2009). They may be a valuable source of 
energy as suitable supplements to low quality 
roughages. There are some reports on the chemical 
composition and nutritive value of dates, but the 
available data on the potential value of date palm by-
products (DPBP) as feeds are rather limited (Dayang et 
al., 2014). Bahman et al. (1997) suggested that date-
palm leaves might be an acceptable alternative to barley 
straw in highly concentrated diets for dairy cows, 
despite their low nutritive value. However, with respect 
to their possible utilization, existing information 
concerning voluntary intake and nutritive value of date-
palm leaves are in scarce (Al-Yousef et al., 1993, 
Bahman et al., 1997).  

The aim of this study was to evaluate the 
digestibility and voluntary feed intake of a date palm 
by-products based total mixed ration fed to Awassi 
rams. 

 

Materials and Methods 
 

The proximate chemical analysis was carried out to 
determine the chemical composition of the crushed 
palm fronds and date waste (cull dates with stone). The 
chemical analyses were determined following the 
methods of AOAC (2006). These included: Dry matter 
(DM, method ID 934.01), ash (method ID 942.05) and 
crude protein (CP, method ID 954.01) contents. Neutral 
and acid detergent fiber (NDF and ADF, respectively) 
and sulphuric acid detergent lignin (ADL) were 
 

Table 1: Ingredients proportions in the experimental diets 
Ingredients  
proportion, g/kg 

Non-conventional  
diet (NCD) 

Conventional 
diet (CD) 

Date waste 100 - 
Palm fronds 240 - 

Urea 5 - 
Molasses 200 - 
Barley grains - 100 
Rhodes - 300 
Soybeans 300 250 
Wheat bran 125 320 
Calcium Diphosphate 20 20 
Common salt 10 10 

Total 1000 1000 



                                                                                                Res. Opin. Anim. Vet. Sci., 2018, 8(2): 29-36. 

 31 

Table 2: Chemical composition of the experimental diets 

Diet CF, g/kg EE, g/kg Ash, g/kg CP, g/kg N, g/kg Gross energy, MJ/kg DM ADF, g/kg NDF, g/kg 

NCD 198.7 4.6 101.0 250.7 40.1 17.22 160.7 546.2 
CD 171.5 12.7 83.7 236.0 37.3 16.90 196.7 507.0 

 
determined with an ANKOM 220 fiber analyzer as 
described by Mertens (2002), AOAC (2006; Official 
method 973.18) and Robertson and Van Soest (1981), 
respectively. All fiber fractions were expressed 
including residual ash. Accordingly, two iso-caloric and 
iso-nitrogenous totally mixed diets (TMD) were 
formulated (Table 1). The first diet (non-conventional, 
NCD) was based on crushed palm fronds and date 
waste, whereas, the second diet (conventional, CD) was 
based on barley grains and crushed dried Rhodes. The 
proximate analysis of the two formulated diets was also 
conducted (Table 2). 

A digestibility experiment was conducted for the 
two experimental diets using 6 adult Awassi rams (3 for 
each diet treatment) of matching body weights 
(51.8±1.47 kg average body). Each animal was 
accommodated individually in a digestibility crate and 
fed the assigned experimental diet for 30 days of which 
24 days for adaptation and 6 days for data collection. 
Daily feed intake, daily fecal and urine output were 
measured. Blood samples were collected in serum tubes 
(BD Vacutainer® SST™) and allowed to clot for 30 
minutes. Proximate composition analyses of the feces 
and the nitrogen content of urine were recorded. The 
digestibility coefficients, the metabolizable energy and 
digestible protein contents and the nitrogen balance of 
the two diet groups were then calculated. Blood serum 
was separated by centrifuging (Varifuge 3.0) by 10,000 
RPP for 10 minutes. Serum biochemistry was 
performed using clinical chemistry analyzer (Unical 
DxC 600) within two hours of sample collection.  
 

Statistical analysis 

The experimental data were analyzed using 
unpaired student t test (StatSoft, 2011) to examine the 
significance of differences between the conventional 
and non-conventional diets treatments. Pearson 
correlation was performed to examine the significance 
of correlations between the examined parameters. 
 

Results  
 

Experimental feeds 

Both experimental diets were offered as totally 
mixed diets (TMD). The NCD contained a total of 34% 
of the date by-products plus12.5% wheat bran. The only 
conventional ingredient included was the Soybeans 
meal (30%) to supplement the low CP of the non-
conventional ingredients. The two diets were iso-caloric 
and iso-nitrogenous as they contained relatively close 
contents of CP and gross energy. The CF, NDF and ash 
were higher in the NCD whereas the ADF and EE were 
higher in the CD. 

Digestibility trial 

The date palm by-products-based diet (NCD) 

group of rams consumed significantly higher amount of 

dry matter (DM), crude fiber (CF), crude protein (CP) 

and  ash  but  lower amount of fat (EE) than their barley 

and Rhodes grass based diet (CD) group (Table 3). The 

NCD group excreted significantly higher amount of 

fecal DM, CP, CF, nitrogen free extract (NFE), acid 

detergent fiber (ADF), neutral detergent fiber (NDF) 

and organic matter (OM) than the CD group.  

 
Table 3: Feed intake, fecal output, digestibly coefficients 

and metabolizable energy of experimental feeds  

Traits CD NCD SEM p 

No of samples* 18 18   

DM intake, g 1894.6 2110.9 66.91 0.029 
CF intake, g 325.9 420.1 12.49 0.000 

EE intake, g 24.6 10.6 0.67 0.000 
Ash intake, g 159.1 213.2 6.25 0.000 

CP intake, g 447.1 529.8 16.32 0.001 
NFE intake, g 937.8 937.2 31.40 0.990 
OM intake, g 1735.5 1897.7 60.70 0.068 

ADF intake, g 305.0 339.9 10.77 0.029 
NDF intake, g 1034.5 1152.6 36.53 0.029 

Fecal DM, g 527.5 651.7 25.88 0.002 
Fecal EE, g 9.0 8.0 0.44 0.124 

Fecal ash, g 109.1 122.1 5.32 0.093 
Fecal CP, g 83.8 112.3 4.60 0.000 

Fecal NFE, g 203.8 252.6 10.88 0.004 
Fecal CF, g 120.4 156.2 7.64 0.003 

Fecal OM, g 418.4 529.6 21.19 0.001 
Fecal ADF, g 146.9 208.0 9.10 0.000 

Fecal ND, g 229.2 275.2 13.10 0.020 
DM dig  0.718 0.687 0.014 0.136 

EE dig 0. 630 0.236 0.036 0.000 
Ash dig  0.305 0.420 0.034 0.021 

CP dig 0.811 0.786 0.010 0.092 
CF dig 0.624 0.626 0.019 0.960 

NFE dig 0.779 0.725 0.013 0.007 
OM dig 0.756 0.717 0.013 0.037 

ADF dig 0.509 0.380 0.028 0.003 
NDF dig 0.775 0.757 0.012 0.319 

DOMD 0.692 0.645 0.011 0.006 
MEF, MJ/kg DM 10.4 9.7 0.17 0.006 

In this table and the following tables: No= Number of 
observations. * Number of observations is the observations 

for 3 animals in 6 successive days for each diet treatment. 
CD= conventional diet, NCD= non-conventional diet. DM = 

dry matter, CF = crude fiber, EE = ether extracts, CP = crude 
protein, NFE = nitrogen free extracts, OM = organic matter, 
DOMD = digestible organic matter proportion of dry matter 

intake, MEF=metabolizable energy of feed, dig=digestibility 
coefficient. MEF=0.15 *DOMD (MAFF, 1975). SEM= 

standard error of means, P=probability of error, P>0.05=the 
diet treatment effect is not significant. 
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Table 4: Nitrogen balance traits 

Traits CD NCD SEM p 

No 18 18   

N intake, g 70.1 84.4 2.58 0.000 
Fecal N, g 13.4 18.3 0.67 0.000 
Digested N, g 56.7 66.1 2.44 0.010 
Urinary N, g 17.2 7.7 2.49 0.011 
retained N amount, g 39.5 58.4 3.42 0.000 
Retained N of N intake 0.554 0.696 0.051 0.009 
Retained N of digested N 0.684 0.890 0.060 0.002 

N = nitrogen. 

 
Table 5: Body weight change of Awassi rams fed 

conventional and non-conventional diets 

 CD NCD SEM p 

No 3 3   
Initial body weight, kg 52.5 51.0 1.12 0.251 
Experiment start weight, kg 59.3 59.2 0.75 0.834 

Final body weight, kg 60.3 61.2 1.70 0.650 
Daily body gain, grams/day 159.9 207.5 52.58 0.416 

 
Table 6: Blood metabolites levels of Awassi rams fed 

conventional and non-conventional diets 

 CD NCD SEM p 

No 18 18   
ALB, g / dL 1.6 1.5 0.02 0.081 
CR-S, mg / dL 0.4 0.4 0.02 0.963 
CHOL, mg / dL 64.0 42.2 3.31 0.000 
CK, IU / L 189.2 139.8 33.86 0.312 
GLU, mg / dL 62.1 63.4 2.37 0.682 
HDL, mg / dL 35.2 23.0 1.81 0.000 
LDL, mg / dL 24.5 15.9 1.51 0.000 

TG, mg / dL 11.4 5.6 2.10 0.058 
TP, g / dL 6.7 6.4 0.11 0.055 
UREA, mg / dL 86.9 90.2 2.73 0.397 

ALB = Albumin, CR-S = Serum creatinine, CHOL = Total 
cholesterol, CK = Creatine kinase, GLU = Glucose, HDL = 
High-density lipoproteins, LDL = Low-density lipoprotein, 
TG = Triglycerides, TP = Total proteins, UREA = Urea. 

The digestibility coefficients of DM, CP, CF and 

NDF were similar for the two experimental groups. The 

NCD group had significantly higher ash digestibility 

coefficient, but had significantly lower digestibility 

coefficient of EE, NFE, OM and ADF than their CD 

mates. The NCD group also had significantly lower 

proportion of digestible organic matter of dry matter 

intake (DOMD) and metabolizable energy of feed 

(MEF) than the CD group. 

 

Nitrogen balance traits 

The NCD rams group had significantly (P<0.05) 

higher amounts of nitrogen's intake, fecal output, 

digested N, urinary N output, retained N amount and as 

proportion of N intake or digested N than their CD 

counter group (Table 4). 

 

Effects of experimental feeds on body weight gain 

The final body weight and daily body weight gain 

were numerically higher for sheep fed the NCD 

compared to the CD (Table 5). 

 

Effects of experimental diets on blood analyses 

Table (6) showed the results of blood metabolites 

level for the rams fed the NCD and CD groups. The 

difference between the diet treatments was significant 

(P<0.05) only for the total cholesterol and its 

derivatives (HDL and LDL), where the CD group 

always had higher values than the NCD group. 

 

Correlations of digestibility, nitrogen balance and 

blood metabolites parameters 

The correlation coefficient matrix of the 

digestibility and nitrogen balance traits (Table 7) 

indicated that all traits correlated positively with one

 
Table 7: Correlation coefficients matrix of the experimental feed nutrients digestibility. 

Variable 
DM  

dig  

EE  

dig  

Ash  

dig  

CP  

dig  

CF  

dig  

NFE  

dig  

OM  

dig  

Retained  

N 

ADF  

dig  

NDF  

dig  

DOM

D 
MEF 

Retained  

N of N 

intake 

Retained  

N of 

digested N 

DM dig 1.00              

EE dig 0.71* 1.00             

Ash dig 0.73* 0.16 1.00            

CP dig 0.90* 0.67* 0.66* 1.00           

CF dig 0.82* 0.41* 0.66* 0.69* 1.00          

NFE dig 0.93* 0.78* 0.52* 0.78* 0.62* 1.00         

OM dig 0.99* 0.75* 0.63* 0.89* 0.81* 0.95* 1.00        

Retained N 0.30 -0.21 0.66* 0.25 0.46* 0.08 0.22 1.00       

ADF dig 0.88* 0.72* 0.37* 0.74* 0.76* 0.89* 0.92* 0.08 1.00      

NDF dig 0.95* 0.61* 0.67* 0.77* 0.81* 0.92* 0.95* 0.29 0.88* 1.00     

DOMD 0.97* 0.81* 0.55* 0.88* 0.77* 0.96* 0.99* 0.14 0.93* 0.92* 1.00    

MEF 0.97* 0.81* 0.55* 0.88* 0.77* 0.96* 0.99* 0.14 0.93* 0.92* 1.00* 1.00   

Retained N of N 

intake 
0.04 0.05 -0.13 0.07 0.01 0.09 0.07 0.06 0.09 0.03 0.09 0.09 1.00  

Retained N of 

digested N 
0.04 0.04 -0.12 0.06 -0.01 0.11 0.07 0.05 0.09 0.03 0.09 0.09 0.98* 1.00 

In this table and the following tables: *Marked correlations are significant at P<0.05; N=36.  
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Table 8: correlation coefficient matrix of Awassi rams blood metabolites 

Variable ALB CR-S CHOL CK GLU HDLD LDLD TG TP UREA 

ALB 1.00          

CR-S -0.05 1.00         
CHOL 0.67* -0.06 1.00        
CK 0.31 0.06 0.21 1.00       
GLU 0.04 -0.59* -0.06 -0.14 1.00      
HDL 0.66* -0.07 0.98* 0.22 -0.04 1.00     
LDL 0.59* -0.18 0.95* 0.15 0.04 0.91* 1.00    
TG 0.40* 0.13 0.71* 0.01 -0.09 0.61* 0.79* 1.00   
TP 0.46* 0.53* 0.56* 0.18 -0.42* 0.56* 0.46* 0.49* 1.00  

UREA -0.03 0.10 -0.13 0.25 -0.28 -0.13 -0.19 -0.05 -0.05 1.00 

 
Table 9: Correlation coefficient matrix of feed nutrients digestibility and blood metabolites 

Variable albumin CR-S CHOL CK GLU HDL LDL TG TP UREA 

DM dig -0.05 -0.14 -0.01 0.23 -0.01 0.03 -0.05 -0.21 -0.01 -0.23 
EE dig 0.21 -0.03 0.45* 0.23 -0.03 0.46* 0.39* 0.19 0.27 -0.22 
Ash dig -0.39* -0.12 -0.48* 0.04 -0.08 -0.44* -0.48* -0.47* -0.19 -0.04 

CP dig -0.13 -0.03 0.04 0.05 -0.04 0.06 0.03 -0.05 0.13 -0.32 
CF dig -0.16 -0.29 -0.02 0.33 0.15 0.00 0.01 -0.18 -0.23 -0.31 
NFE dig 0.12 -0.10 0.09 0.24 -0.03 0.11 -0.01 -0.19 0.05 -0.16 
OM dig 0.01 -0.15 0.08 0.25 0.02 0.11 0.03 -0.16 0.01 -0.26 
ADF dig 0.07 -0.15 0.17 0.37* 0.02 0.20 0.11 -0.12 -0.02 -0.23 
NDF dig 0.03 -0.20 -0.06 0.32 0.02 -0.03 -0.13 -0.33 -0.08 -0.21 
DOMD 0.05 -0.14 0.15 0.26 0.01 0.17 0.09 -0.10 0.04 -0.25 
MEF  0.05 -0.14 0.15 0.26 0.01 0.17 0.09 -0.10 0.04 -0.25 

Retained N -0.32 0.06 -0.60* 0.12 0.14 -0.63* -0.53* -0.26 -0.32 0.07 
Retained N of N intake 0.18 0.37* -0.03 0.05 -0.05 -0.04 -0.07 0.02 -0.09 0.02 
Retained N of digested N 0.17 0.36* -0.05 0.05 -0.03 -0.05 -0.10 -0.02 -0.11 0.04 

 

another except for the retained nitrogen that correlated 

only with ash and CF digestibility. 

The correlation coefficient matrix of the levels of 

the studied blood metabolites in Table 8 illustrated that 
ALB level positively correlated with CHOL, HDL, 

LDL, TG and TP. CR-S correlated negatively with 

GLU and positively with TP. The results also illustrated 

that the blood levels of CHOL, HDL, LDL, TG and TP 

blood correlated positively with each other. The GLU 

level was observed to correlate negatively with TP.  

The correlation coefficients of feed nutrients 

digestibility with the blood metabolites levels (Table 9) 

showed that the blood level of cholesterol and its 

derivatives correlated positively with the digestibility of 

fat and negatively with ash digestibility and amount of 

retained nitrogen. Ash digestibility correlated 
negatively with albumin blood level. ADF digestibility 

correlated positively with CK. Nitrogen retained 

proportions of nitrogen intake and digested nitrogen 

correlated only with CR-S. 
 

Discussion 
 

Diet composition 

In the current study the balanced non-conventional 

diet contained a high proportion of the agricultural by 

products of high fiber and low CP. These included a 
10% whole dates and 24% date palm fronds. Urea as a 

high protein source was included in this diet treatment. 

This complies with that reported by Leng et al. (1987). 

They noted that supplementation of low quality 

roughage with a high protein source would enhance the 
rumen microbial activity thus improve feed conversion 

efficiency and increase body weight gain. In the same 

context, Date by-products have been used in the Middle 

East for feeding livestock (Mahgoub et al., 2012). 

Whole dates were successfully used for fattening lambs 

in Saudi Arabia (Al-Dabeeb, 2005) at levels 

comparable to that used in the current study. Alhomidy 

et al. (2011) evaluated the suitability of discarded dates 

as an alternative feed for Saudi sheep at 15 and 30% of 

the concentrates in the diets. Their results indicated that 

inclusion of 30% discarded dates as an alternative feed 

in lamb diets can reduce production costs. So the 
current NCD treatment may be easily adopted by local 

farmers for feeding sheep to reduce feeding cost as well 

as providing an environmental-friendly option for 

disposal of agricultural waste. 

Palm fronds were used as untreated and treated 

with urea in the Middle East. El Hag and El Shargi 

(1996, 1998) used palm fronds with or without urea 

treatment for feeding ruminants in Oman. Mahgoub et 

al. (2007) successfully used urea-treated palm frond and 

a concentrate made from local by-products containing 

25% of ground date fronds for Omani sheep feeding. 
Palm fronds are found in abundance in date-growing 
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countries and usually discarded. Therefore, utilizing 

them in livestock feeds would reduce pressure on their 

disposal in an environmental-friendly way and reduce 

feeding cost. 

 
Digestibility of experimental diets 

Low digestibility of non-conventional feeds poses 

a real challenge for their utilization as livestock feed. 

However, in the current study there was no difference 

between the NCD and the CD in the DM, CP, CF and 

NDF digestibilities. On the other hand, the NCD had 

higher ash but lower EE, NFE, OM and ADF 

digestibility than CD. The ADF low digestibility is 

mainly related to the high palm frond proportions in the 

diet. Similarly, Alhomidy et al. (2011) reported that the 

digestibility of EE, DM and CP was significantly 

(P<0.05) higher in the diet containing 30% discarded 
dates than in the control diet of 0% discarded dates and 

the diet containing 15% discarded dates. Compared to 

diets containing 30% or 15% discarded dates, the 

digestibility of CF, NDF and ADF was significantly 

(P<0.05) lower in the control diet. 

 

Feed intake 

Sheep fed the NCD had significantly higher DM 

intake than those fed the CD. This indicates higher 

palatability of the NCD. Consistantly, Alhomidy et al. 

(2011) reported that feed intake was the highest in 
lambs fed 30% discarded dates and lowest in lambs fed 

the control diet. Lambs fed 15% discarded dates 

showed intermediate feed intake values. 

The DM intake in the present study was 3.1 and 3.6 

kg/100 kg BW and 87.6 and 96.5 g/kg w0.75 for CD and 

NCD groups, respectively. This was consistent with 

that reported by Parmar et al. (2016) for Marwari sheep 

fed total mixed ration of either air dried or green date 

palm leaves replacing jowar hay at 40% DM equivalent 

basis. They observed a DM intake of 3.28 ± 0.05, 3.31 

± 0.05 and 3.30 ± 0.05 when expressed as kg DM 

intake/100kg BW and 78.40 ± 0.14, 79.09 ± 0.18, and 
78.33 ± 0.19 when expressed as g/kg w0.75, respectively. 

The feed intake expressed as percentage of body weight 

in the current study may be appropriate for sheep and 

comparable to feed intake of local Omani sheep 

(Mahgoub et al., 2005a, b; Elhag and El-Khanjari, 

1992). Mahgoub et al. (2007) reported that in absolute 

terms, sheep fed the urea-treated palm fronds had lower 

feed intakes than those fed the Rhodes grass hay but 

feed ratio; as intake/body weight (BW) was similar 

across diet groups (30 g/kg). 

 

Body weight growth 

There was no negative effect of feeding NCD on 

sheep body weight gain. In fact, there was a trend of 

NCD-fed sheep gaining higher weight (207 vs. 160 g/d) 

than those on CD. Although the experimental period 

was short, this gives an indication of the suitability of 

the NCD to fatten sheep under arid climates. Similarly, 

Alhomidy et al. (2011) reported an average daily gain 

of lambs ranged between 162.25 and 210.98 g/day. The 

average daily gain (ADG) and feed intake were highest 
in lambs fed 30% discarded dates and lowest in lambs 

fed the control diet. Lambs fed 15% discarded dates 

showed intermediate ADG and feed intake values 

(P<0.05). 

 

Effects of experimental diets on blood analyses 

There were no significant negative effects on blood 

profiles of sheep fed NCD diet. Although there was an 

effect on the cholesterol levels, but all values of blood 

biochemistry were within normal clinical values of 

sheep fed non-conventional diets (Mahgoub et al, 2015). 

 

Correlation of digestibility and nitrogen balance 

parameters 

The correlation coefficient matrix of digestibility 

and nitrogen balance traits indicated that all traits 

correlated positively with one another except for the 

retained nitrogen that correlated only with ash and CF 

digestibility. There were also correlations between 

digestibility coefficients, nitrogen retention and the 

various blood metabolites. These correlations would be 

useful in estimating various parameters and to avoid 

expensive analyses rates. Moreover, the current study 
documented for the normal blood metabolites levels of 

adult Awassi rams and the relations between theses blood 

parameters and the nutrients digestibility coefficients. 

 

Conclusions 

This study demonstrated the possibility of 

producing a whole concentrate diet from non-

conventional resources specially dates by products. The 

non-conventional diet proved to be highly palatable and 

well consumed by sheep. It is also well digested and 

converted into body weight gain. There is a potential of 

the diet to provide cheap feed for ruminants in arid 
regions as well as providing an environmental-friendly 

option for agricultural waste disposal. 
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