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ABSTRACT 
Date palm by-products including palm leaves and discarded dates were preserved as silage after 
chopping and grinding. In the first silage (S1) molasses was used as a source of energy at level of 
10%, whereas in the second (S2) and third (S3) silages discarded dates were used as a source of 
energy at two levels of 30 and 40%. Urea was added to the different silages at the level of 1%. 
Moisture content of the silage were adjusted by water to the normal moisture content of silage (65-
70%). Silage ingredients were mixed, packed in closed plastic bags and were stored at a room 
temperature for 60 days. Results revealed that discarded dates showed high contents of DM (dry 
matter), CP (crude protein), EE (ether extract), NFE (nitrogen free extract), ash and NFC (non-fiber 
carbohydrate), but low OM (organic matter), CF (crude fibers) and fiber fractions contents in 
compared to palm leaves. The content of DM (dry matter), OM (organic matter), CP (crude protein) 
and ADF (acid dissolve fibers) were nearly similar for the different silages. Contents of CF (crude 
fibers) and NDF (neutral dissolve fibers) were significantly (P<0.05) higher in S2 than that of S1. The 
content of EE was significantly (P<0.05) higher in S2 and S3 compared to S1. Moreover, NFE 
(nitrogen free extract) and NFC (non-fiber carbohydrate) contents were significantly (P<0.05) higher, 
however the contents of cellulose and hemicellulose were significantly (P<0.05) lower in S1 in 
comparison to S2 and S3. Ash content was higher significantly (P<0.05) in S3 followed by S2, but 
was lower in S1, but ADL (acid dissolve lignin) while opposite trend. Silage fermentation traits 
showed that pH value was nearly similar for the different silage ranging from 4.15 to 4.30. Lactic acid 
concentration was significantly (P<0.05) higher in S1 in comparison with S2 and S3. Whereas, S3 had 
the highest concentrations of acetic and propionic acids followed by S2, while S1 had the lowest 
concentrations. Concentration of butyric acid was higher significantly (P<0.05) in S2 compared to S1. 
Ammonia nitrogen concentration was higher significantly (P<0.05) in S2 and S3 compared to S1. 
Energy contents detected as GE (general energy), DE (digestible energy), ME (metabolizable energy) 
and NE (net energy) were nearly similar for different silages. Consequently, we can benefit from the 
waste as fodder while raising its nutritional value and maximizing the added value of the national 
product of date palm. 
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Introduction 

Egypt is ranked in the first place among the top five date-producing countries in the world, date 
fruit production yielded several crop residues, including date palm fronds, Egypt produce 1562171 
tonnes, 49184 ha (FAO, 2018).  Pascual et al. (2000) indicated that a date palm can produce 13.5-20 
kg of dry fronds per year. Arhab et al. (2006) provided that date palm fronds can be shopped to 2-5 
cm length then, using in animal feed. It's possible to make silage from date palm leaves after shopping 
mixing with molasses as a high source of carbohydrate and urea (Ziaei and Hossieni, 2009). Silage 
can also make from 45%fronds mixed with cull date at 35% (Khorchani et al., 2004). Moreover, 
(Pandey and Ghosh, 1995) found that date palm leaves contain high fiber cellulose reached 58%, 
lignin 15.3% and pectin 2.3% and low in crude protein from 3-6.6%. On the other hand, discarded 
dates could be used as an energy source to replace a part of the concentrate in the ration date waste 
contains carbohydrates and minerals as well. Therefore, it may be possible to use it as an energy 
source for ruminants. Date fruits could provide 2.67 Mcal/kg of digestible energy compared to the 
digestible energy for barley which was 3.06 Mcal/kg (Alhomidy et al., 2011). Palm fronds is 
characterized as a feed with high content of cellulolytic components, low nutrients digestibility 
coefficients and high content of crude fiber such as cellulose and anti-nutrients factors such as tannins 
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(4.1% C.P, 72.4% NDF, 52.3% ADF that are make it difficult to digested (Abd El Tawab et al., 
2016).  

 Therefore, the objective of this study was to evaluate chemical composition, quality 
characteristics and energy content of combined date palm leaves and discarded date palm silage under 
different combination ratios.  
 
Materials and Methods 
 

This study was occurred in the Central Laboratory of Date Palm Researches and Development, 
Giza, Egypt during the first half of 2019.  

 
1. Silage preparation: 

Three types of silage have been prepared using date palm by-products. The date palm leaves 
were separated from the palm and chopped by chopper machine to 2- 5 cm length, while the discarded 
date was mechanically grinded by a grinder machine into little pieces to 3-5 mm. In the first silage 
(S1) molasses was used as a source of energy, whereas in the second (S2) and third (S3) silages 
discarded dates was used as a source of energy at two levels in replacement of molasses. Urea was 
added to the different silages at the level of 1%. Moisture content of the different silage was adjusted 
by water to the normal moisture content of silage (65-70%). Silage ingredients were mixed during 15 
min and then packed in plastic bags (30 cm x 30 cm), bags were closed to ensure anaerobic conditions 
and were stored in a room at ambient temperature (20-25 °C) for 60 days. Formulation of 
experimental silages in fresh basis is shown in (Table 1). 
 
Table 1: Formulation of experimental silages. 
Item S1 S2 S3 
Date palm leaves 89 69 59 
Discarded palm dates - 30  40  
Molasses 10 - - 
Urea 1 1 1 
Total 100 100 100 

 
2. Evaluation of silage:  

At the opening silage, 20 g of representative silage were mixed with 180 g sterile water in a 
laboratory blander (Waring, New Hartford, Conn, USA) for 2 min and the extract was filtered through 
four layers. The filter extract was used for determination silage quality including pH, ammonia 
nitrogen, lactic acid and volatile fatty acids (VFA's). The pH of silage was determined immediately 
using HANNA pH meter (model HI 8424), ammonia-N (AOAC, 1995) and TVFA’s (Warner, 1964). 
Lactic acid concentration was determined by the method of Analytical Chemistry of Foods (James, 
1995).    
 
3. Chemical analysis 

Chemical analyses of feeds and feces samples were carried out to determine DM, CP, CF, EE 
and Ash according to the methods of (AOAC, 1995). While the Calculation for NFE extract is: % 
NFE = 100% - (% EE + % CP + % Ash + % CF).As NFE values were calculated by the difference, all 
the errors associated with proximate analysis are additive in the estimate of NFE. Energy contents 
including gross energy (GE), digestible energy (DE), metabolizable energy (ME) and net energy (NE) 
were estimated according to the equations of NRC (2001). 

  
Statistical analysis: 

The data had been subjected to statistical analysis using general linear model procedure adapted 
by IBM SPSS Statistics (2014) for user's guide with one-way ANOVA. Duncan test within program 
SPSS was done to decide the degree of significance between the means (Duncan, 1955).  
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Photo 1: Shows silage ingredients  

 
Results and Discussion 
 

Proximate analysis of ingredients used in making experimental silage is shown in Table (2). 
There were variations in composition of different ingredients, DM content was higher in urea 
followed by discarded dates, then molasses and lower in palm leaves, but in all ingredients was higher 
the normal range for making silage being 30-35%. Urea was completely OM and it was higher in 
palm leaves followed by discarded dates, but lower in molasses. The differences in OM content is a 
reflection of the differences in ash content, which was higher in molasses followed with discarded 
dates and lower in palm leaves. Protein content was higher in urea because it is all as nitrogen (46%) 
and multiplied by 6.25 to estimate crude protein, so it used to increase protein content in silages. 
Protein content was higher in discarded dates than that of palm leaves and molasses. Fiber content 
was higher in palm leaves than that of discarded dates by about 10%, whereas, EE content was high in 
discarded dates than that of palm leaves. Molasses was higher in NFE than those of palm leaves and 
discarded dates by 30-33% and it was mainly soluble sugar, thought it was added to silage to supply 
sugar fermented by lactic acid bacteria producing lactic acid to preserve silage and improve its 
quality. Fiber fractions of ingredients in Table (2) revealed similar trends to CF content, since the 
contents of NDF, ADF, ADL, cellulose and hemicellulose were higher in palm leaves than those of 
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discarded dates. However, NFC content revealed similar trend to NFE content, which NFC content of 
molasses was higher than those of palm leaves and discarded dates. The content of NFC in discarded 
dates was about two fold its content in palm leaves. The composition values of palm leaves are within 
the values obtained by Chanjula et al. (2018). Palm leaves showed the highest NDF, ADF, lignin and 
crude protein contents (Boufennara et al., 2016). Results of chemical composition stated herein are 
within the values obtained by Bayão et al. (2019) for palm leaves and El-Shora et al. (2014) for 
discarded dates.   

 
Table 2: Proximate analysis of ingredients used in silages. 

Item Date palm leaves Discarded palm dates Molasses Urea 
DM % 44.80 90.45 75.00 99.00 
Composition of DM %     

OM 93.19 90.35 87.70 100.00 
CP 4.35 6.48 3.81 288.00 
CF 38.77 28.90 0.41 - 
EE 3.14 4.43 0.14 - 
NFE 46.93 50.54 83.34 - 
Ash 6.81 9.65 12.30 - 

Fiber fractions %     
NDF 74.10 55.70   
ADF 51.70 36.80   
ADL 18.26 8.90   
Cellulose 33.50 27.90   
Hemicellulose 22.40 18.90   
NFC* 11.60 20.91 83.75 - 

* NFC = [100 - (% NDF + % CP + % Fat + % Ash)]. 
DM (Dry matter), OM (Organic matter), CP (Crude protein), EE (Ether extract), NFE (Nitrogen free extract), CF 
(Crude fibers), ADF (Acid dissolve fibers), NDF (Neutral dissolve fibers) and  ADL (Acid dissolve lignin). 

 
Proximate analysis of experimental silages is presented in Table (3). The content of DM was 

nearly similar for the different kinds of silage which was adjusted by water to the suitable range for 
making silage. Also, OM and CP contents were nearly similar for the different experimental silages. 
Crude fiber (CF) content was significantly (P<0.05) higher in S2 (30% discarded dates) than that of 
S1 (10% molasses), while in S3 (40% discarded dates) insignificantly different was observed with 
both S1 and S2. The content of EE was significantly (P<0.05) higher in S2 and S3 contained 
discarded date compared to S1 contained molasses. However, NFE content was significantly (P<0.05) 
higher in S1 in comparison to S2 and S3. Ash content was differed significantly (P<0.05) among the 
different silages, since S3 had the highest content followed by S2, but S1 showed the lowest content. 
Fiber fractions of different silage in Table (3) revealed that NDF content of S2 was significantly 
(P<0.05) higher in compared to S1, while S3 was not differed significantly. Content of ADF was 
nearly similar for the different silages. There was significant (P<0.05) differences in ADL content 
among the different silages with the highest content in S1 and the lowest content in S3. Whereas, the 
contents of cellulose and hemicellulose were significantly (P<0.05) higher in S2 and S3 compared to 
S1. However, S1 recorded significantly (P<0.05) the highest NFC content followed by S3, while S2 
had the lowest content. The ADF content was not affected, however, NDF content of date palm leaves 
silages was affected by urea and energy treatments. Supplementation of date palm leaves silages with 
energy supplementary had no significant effect on CP content of silages (Ziaei and Sharifi Hosseini, 
2009). The contents of neutral detergent fiber (NDF) and acid detergent fiber (ADF) were decreased 
when the proportion of urea treated palm leaves (Al-Suwaiegh and Al-Yousef, 2017). (Alhomidy et 
al. 2011) found that replacing barley grains by discarded dates in diets of  Najdi lambs led to increase 
the contents of CF, EE, NDF and ADL and decrease NFE.  
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Table 3: Proximate analysis of experimental silages. 
Item S1 S2 S3 SEM 
DM % 33.68 34.05 34.23 0.31 
Composition of DM %     

OM 92.48 92.00 91.67 0.54 
CP 10.07 10.09 9.98 0.15 
CF 32.03b 33.58a 32.55ab 0.30 
EE 2.61b 3.68a 3.82a 0.19 
NFE 47.77a 44.65b 45.33b 0.54 
Ash 7.52c 8.00b 8.32a 0.12 

Fiber fractions %     
NDF 61.09b 64.40a 62.48ab 0.60 
ADF 42.62 43.98 42.42 0.35 
ADL 15.05a 13.65b 12.65c 0.36 
Cellulose 27.57b 30.33a 29.77a 0.45 
Hemicellulose 18.47b 20.42a 20.06a 0.32 
NFC* 18.70a 13.83c 15.40b 0.72 

a, b, c: Means with different superscripts differ significantly at P < 0.05. 
* NFC = [100-(%NDF + %CP + %Fat + Ash)]. 
DM (Dry matter), OM (Organic matter), CP (Crude protein), EE (Ether extract), NFE (Nitrogen free extract), CF 
(Crude fibers), ADF (Acid dissolve fibers), NDF (Neutral dissolve fibers) and ADL (Acid dissolve lignin). 

 
Results of quality characteristics of different experimental silages are shown in Table (4). The 

pH value was nearly similar for the different silage ranging from 4.15 to 4.30 indicating good quality 
silage. Lactic acid concentration was significantly (P<0.05) higher in S1 containing molasses in 
comparison with S2 and S3 containing discarded dates, which might be due to the higher soluble 
sugar in molasses fermented by lactobacillus bacteria producing lactic acid. There were significant 
(P<0.05) differences in the concentrations of acetic and propionic acids, where S3 had the highest 
concentrations followed by S2, while S1 had the lowest concentrations. Concentration of butyric acid 
was higher significantly (P<0.05) in S2 compared to S1, whereas in S3 no significantly different was 
detected. Ammonia nitrogen concentration was higher significantly (P<0.05) in silages containing 
discarded dates (S2 and S3) compared to silage contained molasses (S1). These results are attributed 
to high soluble sugars of molasses stimulates bacteria growth utilizing ammonia nitrogen. Ammonia 
nitrogen concentrations of different kinds of silage are within the normal range of good quality silage. 
The pH value is a simple method to predict silage quality (McDonald et al., 1995). Forage in a silo 
becomes stable when the pH value is decreases to 4.2 and the lactic acid content reaches a value of 
1.50% after ensiling (Ishida and Abu Hassan, 1997). Addition of 1% urea delayed the initiation of 
heat production by 28 hrs and decreased the maximum temperature. Also, urea addition could 
alleviate aerobic deterioration of palm frond silage after opening of the silo in the tropics (Ishida and 
Abu Hassan, 1997).  
 
Table 4: Quality characteristics of experimental silages. 
Item S1 S2 S3 SEM 
pH 4.15 4.30 4.25 0.03 
Lactic acid % of DM 4.43a 4.07b 4.22b 0.06 
Acetic acid % of DM 1.47c 2.11b 1.82a 0.09 
Propionic acid % of DM 0.13c 0.29b 0.38a 0.04 
Butyric acid % of DM 0.06b 0.11a 0.08ab 0.01 
Ammonia-N % of total-N 3.54b 4.73a 4.82a 0.05 
a, b, c: Means with different superscripts differ significantly at P < 0.05. 

 
The high quality silage is characterized by high total VFA’s concentration (EL-Shinnawy, 2003). The 
obtained results indicated a good quality silages as stated by McDonald et al. (1995) who reported 
that the concentration of NH3–N as total-N% of a good quality silage being usually less than 10%.  

According to the fermentation profiles obtained for the parameters, indicating all values were 
within the range for good silage characteristics (Kaiser and Piltz, 2009). The concentration of lactic 
acid in the silages was higher in relation to the other acids from fermentation. This is a positive factor, 
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because crop residues generally do not present favorable lactic fermentation, and this could impair the 
final quality of the silage. Despite the contribution of butyric, acetic, and propionic acids to the pH 
was decreased, lactic acid plays a more efficient role in this process because of its greater dissociation 
in relation to the other acids (Silva et al., 2011).        

Energy contents of different experimental silages are shown in Table (5) the contents of GE, 
DE, ME and NE were nearly similar for the different silages without significant differences. Energy 
contents tended to increase slightly with discarded dates than molasses. The values of gross energy 
obtained herein are nearly similar to those indicated by Abo-Donia et al. (2019) being ranged from 
4.13 to 4.16 Mcal/kg DM when used discarded dates as a source of energy for corn stalk silage. The 
value of ME in this study was higher than the predicted ME from gas production detected by 
Boufennara et al. (2016) being 2.25 – 2.34 Mcal/kg DM. The ME of urea treated palm frond silage 
was 2.44 Mcal/ kg DM (Ishida and Abu Hassan, 1997). Allam et al. (2015) found that GE and DE 
contents of discarded dates were 3.97 and 3.42 Mcal/ kg DM.  
 
Table 5: Energy contents of experimental silages. 
Item S1 S2 S3 SEM 
Gross energy (GE, Mcal/kg DM) 4.16 4.19 4.18 0.03 
Digestible energy (DE, Mcal/kg DM) 3.48 3.51 3.50 0.02 
Metabolizable energy (ME, Mcal/kg DM) 2.92 2.94 2.94 0.02 
Net energy (NE, Mcal/kg DM) 1.84 1.86 1.86 0.01 
Gross energy (GE, Mcal/ kg DM) = CP x 0.056 + EE x 0.094 + (CF + NFE) x 0.042 
Digestible energy (DE, Mcal/kg DM) = GE x 0.837 
Metabolizable energy (ME, Mcal/kg DM) = DE x 0.839 
Net energy (NE, Mcal/kg DM) = ME x 0.632. 
 

List of abbreviations 
S1 First silage 
S2 Second silage 
S3 Third silage 
DM Dry matter 
CP Crude protein 
EE Ether extract 
NFE Nitrogen free extract 
NFC Non-fiber carbohydrate 
OM Organic matter 
CF Crude fibers 
NDF Neutral dissolve fibers 
ADF Acid dissolve fibers 
ADL Acid dissolve lignin 
GE General energy 
ME Metabolizable energy 
DE Digestible energy 
NE Net energy 
 
Conclusion 

From these results we concluded that we can preserve date palm leaves and use it as silage by 
adding urea and discarded dates as a source of energy instead of molasses and urea to increase its 
protein content. Moreover, discarded date palm silage revealed suitable nutrients contents and good 
quality characteristic as well as high energy content, which can be used as a good source of roughage 
in ruminant feeding.   
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