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ABSTRACT 

 
 An experiment was carried out at the experimental station of the Faculty of 
Agriculture, Cairo University to evaluate fresh Leucaena leucocephala plants and its 
silage as a unconventional feed in rations of growing Rahmani males sheep. A total 
number of 12 growing Rahmani rams aging 6-7 months and weighing 28.5 kg on the 
average were devided into two groups of 6 animals each to represent two 
experimental  groups. The first group was offered barley according to energy and 
protein requirements plus green Leucaena leucocephala whole plants    ad-libitum, 
while the second group was offered barley (requrements) and Leucaena silage ad-
libitum. The experiment lasted 12 weeks.  

 Results obtained can be summerized as followes : 
1) Group fed on barley plus Leucaena silage showed significantly (P<0.05) 

superior live body weight compared to the group fed on barley plus 
Leucaena fresh plants. 

2) Significant differences (P < 0.05) occurred on the rumen liquor 
characteristics (pH, ammonia-N and TVFA’s) for the favor of the group 
fed on barley and Leucaena silage diet. 

3) Digestibility coefficients of DM, OM, CP, CF and NFE were significantly 
higher in the silage fed group compared to the other group. 

4) Barley plus Leucaena silage diet showed significantly better feeding 
values as TDN %, SV%, DCP and N.B, compared to barley plus fresh 
Leucaena diet. 

Keywords : Leucaena leucocephala, sheep, feeding value, growth.  
 

INTRODUCTION 
 

 Leucaena leucocephala, is a legume plant which can be fed as 
protein supplement in tropics (NAS, 1997). It offers a potentially rich and 
cheap source of protein (Adeneye, 1979). Tangendjaja et al (1986) found that 
the crude protein content of leucaena decreased from about 31 to 14% during 
devedopment. El-Ashry et al., (1989) reported that leucaena was imported to 
Egypt to be tested as forage plant. The DM composition of Leucaena 
leucocephala was characterized by its high CP (26%) and low conntents of 
CF (16%) and ash (9%). Its cell wall constituents showed lower values of 
hemicellulose (14%) and cellulose (9%), Mohamed (1996) who reported that 
Leucaena leucocephala was voluntary consider to cover 50% of the 
maintenance energy of ruminants while the DCP of this forage could fairly 
provide animals with at least 50% DCP over their protein maintenance needs. 
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The overview of leucaena leucocephala chemical composition might support 
its use as potential tropical leguminous plant for feeding ruminant. However, 
claims concerning its high level of toxic substances (mimosine) investigated 
by many authors (Megarity and Jones. 1983), constrained its use a sole feed 
for ruminants. Many authors (Megarity and Jones, 1983 and Eliot et al., 
1985), indicated that feeding leucaena leucocephala with a soluble source of 
carbohydrates increased nutrients digestibilities by ruminants. They attributed 
the improvement of digestbility to the effect of readily available carbohydrates 
on mimosine (toxic amino acid) degradation in the rumen to active goitrogen 
3-hydroxy-4 (LH)-pyridine (DHP). However, they mentioned that, the effect of 
memosine was not constant, but varies between animal species. In order to 
make maximum use of the leucaena material in animal nutrition, several 
relatively successful methods to reduce the deleterious effect caused by 
mimoisine were reported. These include : 

i) Genetic method., through a new hybrid of leuceana with lower 
mimosine content.  

ii) Chemical treatment of leucaena meal by addition of ferrous sulphate 
or aluminium sulphate. 

iii) Ensiling method to reduce their memosine content without 
substancially influencing their protein content (Shukla, 1982). 

The present study was conducted to investigate the utilization of Leucaena 
leucocephala forage and its silage as unconventional feed source for sheep 
nutrition. 
 

MATERIALS AND METHODS 
 

 This study was carried out in the Experimental Farm Station of 
Animal Production Department, Faculty of Agriculture, Cairo University. The 
present study was designed to evaluate the nutritive value of fresh Leucaena 
leucocephala plant and its silage.  
 Twelve weaned male Rahmani lambs aged 6-7 month old and 
weighing about 28.5 kg live body weight were used in this study. The 
experimental lambs were divided into two feeding treatment groups, with six 
lambs per each. 
 The feeding system followed during the feeding trial which lasted for 
12 weeks was based on offering restricted amount of ground barley grains 
sufficient to provide animals with their energy maintenance requirements 
calculated as TDN (NRC, 1975).  
 Experimental rations were offered twice daily. The concentrate 
portion (barley) plus one half of roughage portion were offered at 8.00 am, 
while the rest of forages was offered at 12.00 a.m.  
 Fresh or silage Leucaena leucocephala plant consisted the roughage 
portion of the diet, which were offered ad-libitum. 
 Digestibility and nitrogen balance were conducted on sheep to 
evaluate the nutritive value of fresh and silage of Leucaena plant. Each trial 
was carried out on three animals. Each trial continued for 14 days as a 
preliminary period followed by 7 days as a collection. Chemical composition 
of feed, faeces and urine were determined according to A.O.A.C (1984). 
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 Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid 
detergent lignin (ADL) were determined according to Goering and Van Soest 
(1970). Hemicellulose was calculated as the difference between (NDF and 
ADF) and cellulose, was calculated as the difference between (ADF and 
ADL). 
 Samples of rumen liquor were individually collected through a 
stomach tube. The sample was collected at 3 hrs after feeding. The pH of 
rumen liquor was immediately recorded using Gallen Kanp pH stick pH K. 
120. B. The concentration of ammonia nitrogen in the rumen liquor was 
determined by the method described by Conway and O’Malley (1942). Total 
volatile fatty acids were determined by steam distillation as described by 
Warner (1964).  
 Fresh Leucaena plants were harvested daily and chopped (10-15 cm 
length). The chopped plant was their mixed with molasses (10% from the dry 
matter  of Leucaena plant). The mixture was ensiled in a plastic  barrel, which 
was tightly covered. Ensilling took place in about 60 days before feeding. 
Sample of each plastic barrel of each silage mixture were taken, thoroughly 
mixed and composite sample of each silage mixture was taken to determine 
silage quality. The fermented material was prepared by extracting 300 gm, 
wet material in a blender for 3 min and well pressed; then filtrate was 
extracted through four layers of muslin cloth. The filtrate was used for 
measurement of pH using a combination electrode pH meter, ammonia 
nitrogen according to Conway and O’Malley (1942) method, total volatile fatty 
acids by steam distillation as described by Warner (1964) and Lactic acid by 
Coloumetric Method of Barker and Summerson (1941). Acetic, propionic, 
isobutyric, butyric, valeric and isovaleric acids by HPLC kenaur pump 64 U.V. 
Dector column. Rezex organic acid Aequisition: Wave length : 210 nm Flow 
rate : 0.8 ml/min.     
 Data were statistically analysed according to (SAS, 1990) using 
simple one-way. The differences among means were examined using 
Multiple Range test according to Duncan (1955).  
 

RESULTS AND DISCUSSION 
 

Chemical composition and feeding value : 
 Results presented in table (1) show the chemical composition of the 
experimental diets ingredients. 
 Results revealed that OM contents of the experimental ingredients 
were 96.79% 91.75% and 93.79% for barley, Leucaena fresh and its silage, 
respectively. Ensiling Leucaena did not appreciably affect CP content since it 
was 25.83% in the fresh Leucaena plant and was 25.94 for Leucaena silage 
low. On the other hand the CF content of fresh Leucaena plant (17.52%) was 
reduced to 13.69% after ensiling. Ether extract contents showed that 
differences between the fresh and silage of Leucaena were low (5.03% and 
5.13%, respectively). Ash content showed slight increase for Leucaena fresh 
compared with the silage. The same trend was observed with NFE content 
(43.37% of Leucaena and 49.63 for Silage), these results are in accordance 
with the findings of Sharma et al (1989). Cell wall constituents of Leucaena 
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and its silage are presented in table (1). The high content of NDF and ADF 
were found with fresh Leucaena plant, while the low content were recorded 
with Leucaena after treatment as silage. Also ADL content in Leucaena silage 
become little value compared with fresh Leucaena.  
 

Silage quality: 
 There are many factors affecting the pH value especially the 
chemical composition of the ensiled material and the ensiling procedures. 
Results of Leucaena silage quality are presented in table (2). Results 
revealed that pH of silage was found to be 4.1 which indicate that the 
Leucaena silage had an acidic value which indicate the success of the 
ensiling process. These results agree with the findings of Tabana (1994) who 
found that the pH value ranged from 3.5 to 4.5 and found there are a positive 
relationship between the pH values and lactic acid concentration in addition 
Ranjhan (1980) reported that the chemical characteristics of good silage are : 
pH value would range from 4 to 5., NH3-N production should not be more 
than 10-12% of total N. Also the high quality silage is characterizaed by low 
percentage of NH3-N concentration from total N (Langston et al, 1958). 
 Results in table (2) show that NH3-N concentration of the Leucaena 
silage was 3.40% of DM. The Leucaena silage is the present study could be 
considered of intermediate quality on the basis outlined by Langston (1985) 
who designated silages as good intermediate or poor as follows : 
 Ammonia - N as % DM :   
 Good                1.02 to 2.87 
 Intermediate   2.89- 3.62 
 Poor              5.33 – 9.82 
 The high quality silage is characterized by low TVFA’s concentration 
(Langston et al., 1958). Therefore, the volatile substances in the silage must 
be comparatively less than lactic acid concentration (Ranjhan, 1980). Results 
in table 2 revealed also that total volatile fatty acids in the silage were 4.84 (m 
mol/100 g DM). 
 Average concentration of the lactic acid, acetic, propionic, isobutyric 
and butyric acids were found to be 10.20, 2.50, 0.57, 0.05 and 0.77 percent, 
on DM basis.  
 The prepared silage could be considered of good quality in terms of 
lactioc acid and marginol between good and intermediate with regards to 
butyric acid according to the specific outlined by langston et al. (1989) and 
Ranjhans (1980) who indicated that silage quality of silage could be 
designated as follows:  
  Butyric acid %   lactic acid % 
Good          traces       3.03 to 18.16 
Intermediate       0.76 to 1.55   a good silage should have  
Poor         > 1.55   more than 6% even 13.16% 
 

 The high silage quality is characterized by high level of lactic acid. 
The soluble carbohydrates are the major source of lactic acid production. 
During ensiling, hemicellulose is broken-down to pentose sugars which may 
be fermented to lactic and acetic acid as described by Whittenburg et al., 
(1967). 
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Growth performance: 
 Averages of initial body weight ranged between 28 to 29 kg (Table3) 
and differences among treatment groups were insignificant. Final body 
weights were 41.44 and 44.96 kg for fresh and silage diets, respectively. The 
analysis of variance for final body weight between the two treatments 
indicated that difference between the two groups was significant (P < 0.05) in 
favor of the silage group. The same trend was observed for total gain in live 
weight where the silage group had significantly (P < 0.05) higher total gain 
compared to fresh Leucaena group (Table 3). The same trend was also 
observed in average daily gain, since the silage group had significantly (P < 
0.05) higher Av. daily gain compared to the Leucaena group. 
 Averages of growth rate for the silage group and fresh Leucaena 
group were found to be 55.03 and 48.0% respectively indicating that growth 
rate was improved by ensilage Leucaena. These results are in agreement 
with those obtained by Jaikishan et al (1986).  
 Results presented in table (3) show that the total DM intake (Barley + 
fresh Leucaena or silage) calculated as g/day were 800 and 983 (g/h/day), 
respectively. The corresponding TDN intake g/h/day were 501.36 g, and 
657.14. Theses differences were significant (P < 0.05) in favor of the silage 
group. Results of DCP intake (g/h/day) were of  similar trend to DM and TDN 
intrakes, where the lower value was reported for the Leucaena group (74.56 
g/h/day) and higher value  was obtained by silage group (111.08 g/h/day). 
These results are in agreement with those reported  Gupta et al (1986). 
 Results of feed conversion ratio calculated as kg of DM required for 
each kg gain in live weight for the Leucaena and silage groups were 5.0 and 
5.17, respectively (Table 3). These results indicate better feed conversion 
ratio for the silage group. 
 Result of TDN conversion ratio for the experimental groups showed 
that the best TDN conversion ratio was better for the Leucaena group than 
the silage group. The same trend was observed for the protein utilization 
efficiency (calculated as kg of dietary protein required for each kg gain in live 
weight) were (0.585 and 0.466, respectively) indicating improvement in the 
protein utilization efficiency by ensilage group. 
 

Digestibility Coefficients  
 Averages of digestibility coefficients for the DM, OM, CP, CF, EE and 
NFE are illustrated in table (4). Results revealed that DM digestibility  in 
silage diet group was (65.47) followed by the Leucaena diet (60.23) and the 
difference was significant (P < 0.05). The same trend was observed for OM, 
CP, CF and NFE digestibility were significant (P< 0.05). Concerning the EE 
digestibility the difference was insignificant between the two diets..  
 

Feeding Values: 
 Averages of feeding values as TDN %, DCP, NR*. and NB g/h/day 
are illustrated in table (4). Data of this table revealed that the TDN %, DCP%, 

                                                 

 *NR =     TDN/DCP     - 1 
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NR and N.B. g/h/day were better for the silage group than by the Leucaena 
group. Differences between the experimental groups were significant (P < 
0.05). 
 However differences between the experimental groups in N.R % 
were in favor of the Leucaena group but were insignificant. 
 These results indicate a clear negative correlation between the NR%  
values and the N.B since the excreted nitrogen  decreased as the N.R 
increased. 
 

Rumen liquor Characteristics : 
 Results of ruminal pH, NH3-N and TVFA’s concentrations are shown 
in table (5). The pH value is a major factor influencing the fermentation in rate 
the rumen and consequently the utilization of different nutrients. Results 
revealed that pH  values of rumen liquer were 6.83 and 6.13 for Leucaena 
and silage respectively. The analysis of variance for results indicated that the 
Leucaena group had significantly   (P < 0.05) higher pH than the silage 
group. It is well known that ruminal pH values are influenced by TVFA’s 
produced in the rumen. These result are in accordance with the findings of 
Abd El-Kareem (1990) and Tabana (1994). They reproted that the ruminal pH 
decreased with high levelse of TVFA’s concentration in the rumen. 
 Results presented in Table (5) show that difference in NH3-N 
concentration between the two group were significant (P < 0.05) being  higher 
in silage group (25.54 mg/ 100 ml) compared with fresh Leucaena group 
(21.81 mg / 100 ml). High NH3-N concentration observed in silage group 
compared with Leucaena group might be due to relatively high consumption 
of silage as well as high crude protein consumption. These results are in 
agreement with the findings of Hanafy (1985). 
 Results of TVFA’s concentration are shown in table (5). Averages of 
TVFA’s concentration for silage group and Leucaena groups were  14.15 and 
11.21 meq/ 100 ml., respectively (P < 0.05) indicating that TVFA’s increased 
with silage feeding. These reslts are in agreement with those obtained by 
Deraz (1996) he found that TVFA’s concentration in rumen liquor of lambs 
fed corn stover silage was higher than those fed corn stover. The low level of 
TVFA’s led to high pH values. These results agree with the findings of Salem 
et al. (1989). 
 Kandil and El-Shaer, (1988) found that when supplemented with a 
source of readily available carbohydrate such as molasses improved the 
performance of sheep or goat by increased the rumen volatil fatty acids. Also 
the maximum utiliztion of Leucaena may be obtaine by ensilag method 
(Shukla, 1982). 
 
Table (1): Chemical composition  (%, DM basis). 

Item DM OM CP CF EE NFE Ash NDF ADF ADL 

Barley  88.12 96.79 8.37 11.06 1.35 76.01 3.21 -- -- -- 

Leucaena  
Leucocephala 29.41 91.75 25.83 17.52 5.03 43.37 8.25 35.22 22.39 10.47 

Silage  31.66 93.79 25.94 13.09 5.13 49.63 6.21 33.15 20.87 8.16 
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Table (2): Silage quality  
pH NH3-N 

(mg/100ml) 
TVFA’s (meq./100 

ml) 
Lactic acid % Acetic acid % 

4.1 3.40 4.84 10.20 2.5 

Propionic acid % Isobutyric % Butyric acid% Isovaleric% 

0.57 0.05 0.77 0.77 

Valeric acid % 

0.55 
 

Table (3): The average live body weight, daily gain and feed conversion. 
Item Leucaena Silage 

Initial weight (kg)  28.00 29.00 
Final weight (kg) 41.44b 44.96a 

Total gain (kg) 13.44b 15.96a 

Av. daily gain (g) 160.00b 190.00a 

Growth rate % 48 % 55 % 
Intake :   
   Total DMI g/h/day 800b 983a 

   Barley  g/h/day 470 493 
   Leucaena 330 - 
   Silage  - 490 
   TDN intake g/h/day 501.36b 657.14a 

   DCP intake g/h/day 74.56b 111.08a 

Feed conversion   
   Kg DM /Kg gain 5.00 5.17 
   Kg TDN/Kg gain 3.13 3.46 
   Kg DCP/kg gain  0.47 0.59 
a and b : Means in the same column with different superscripts are significantly differents 
(P < 0.05). 
 

Table (4): Digestibility coefficients of the two experimintal rations.  
Digestibility coefficients  Leucaena rations Silage rations  

DM 60.23b 65.47a 

OM 63.88b 68.33a 

CP 63.71b 68.47a 

CF 49.87b 56.99a 

EE 50.77 51.33 

NFE 68.11b 72.53a 

Feeding values   

TDN 62.67b 66.85a 

DCP 9.32b 11.30a 

N.R 5.72a 4.92a 

N.B 3.53b 6.45a 

a and b : Means in the same column with different superscripts are significantly differents 
(P < 0.05). 
TDN : Total digestible nutrients. 
DCP : Digestible crude protein 
NR : Nutritive ratio 

Table (5): Rumen liquor parameters : 

Item Leucaena L. silage 

PH 6.83a 6.13b 

NH3-N (mg/100 ml) 21.81b 25.54a 

TVFA’s (meq/100ml) 11.21b 14.15 
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                                                     استخدام نبات الليوكينا الطازج وسيلاجه فى تغذية الأغنام
    ممرد         ، يشرام م   1                  ، علرى حممرد الشرمات    1                     ، اشرد  إبرااييم الضا رى   1                  ممدوح إبرااييم مممرد

  3         عبده مممد           صابا جمعه   2     البنا

                    لماكز الضومى للبموث ا  -                                  قسم تغذية وإنتاج الميوان والدواجن    1
    اة            جامعة الضاي  -           لية الزااعة ك  -                   قسم الإنتاج الميوانى   2
            فاع حسيوط    -           امعة الأزيا  ج  -           لية الزااعة ك  -                   قسم الإنتاج الميوانى   3

 
ذذأجريتتهذهتتلدذاسةراىتتحذةتتسذ الإتتحذ ىتتيذانى تتيةذاسايتتةاىسذعةيتتحذاس را تتحذجي  تتحذ ذ ذ ذذ ذذ ذ ذذ ذ ذذذذ ذ ذذ ذذ ذذذ ذ ذ ذذذذ ذذ ذذ ذذذذ ذذذ ذ ذ ذ ذذ ذ ذذ ذ ذذ ذذذذذذذ ذذ ذ ذ ذ ذذذذذاسقتتيهرلذس قيتتييذىذ ذذذذذذ ذ ذذ ذذبتتيهذذذ ذذ

ذذاسةيةعيىيذعغتلا ذأضرترذسناىتييذةعتلسيذعىتيتةذاىت ضةيذةتسذهتلدذاسةراىتحذ ذ ذذ ذذذذذذذ ذذ ذ ذذذذ ذذ ذذذ ذ ذذ ذ ذذ ذذذ ذ ذذذذذ ذ ذذذ ذ ذ ذذذ ذذذ ذ ذذذذذ ذ ذ21ذذذذ ذعتب ذ  تراةأذأ  يرهتيذبتي ذذذ ذذذذذ ذ ذذ ذ ذذذ ذ ذذ ذذذذ ذذذ7-ذ6ذذذذ
ذذشتترةرذة  ةىتتلإذة  ذ ذ ذ ذذ ذ ذ ذذ ذ ذذ ذ ذ ذ1.82ذ ذ ذذعجتتيذ ىتت هذهتتلدذاسعيتتي ذعستتسذ ج تتة  ي ذةتتسذعتت ذ ج ة تتحذذذذذ ذ ذ ذ ذ ذ ذذ ذ ذذ ذ ذذ ذذذ ذ ذ ذ ذ ذذ ذ ذذذ ذذ ذ ذذذذذذ ذذ ذ ذ ذذذذ ذذعبتتي ذةأىتت  رهذذذذ6ذ ذ ذ ذذ ذذ ذذ ذذ ذ

ذذاس جربحذ ذذ ذ ذ21ذذذ ذأىبة يذًةعيىتهذعت ذ ج ة تحذ غتلىذ ةتسذاسشت يرذع رعت اهذةذذذ ذذ ذذ ذ ذ ذ ذ ذذ ذذ ذ ذذذذ ذذ ذذ ذذ ذذذ ذ ذ ذ ذ ذ ذذ ذ ذذ ذ ذذ ذ ذذذً ذ ذذ ذذذذذذذاس ج ة تحذاوةستسذيقتةيذسرتيذاسةيذ ذذذذذ ذذذ ذذ ذ ذذذ ذ ذ ذ ذ ذ ذذذذذةعيىتيذذذ ذ
ذذعىبتتيهذأضرتترذساتتةذاسشتتبمذأ تتيذاس ج ة تتحذاسقيىيتتحذةعتتي ذيقتتةيذسرتتيذىتتيتةذاسةيةعيىتتيذساتتةذاسشتتبمذةأةرتتاهذ ذ ذ ذ ذذ ذذ ذذ ذذذذذ ذذذذ ذذ ذ ذذذذذذ ذ ذذ ذذذ ذذذذذ ذذذ ذذ ذذذ ذ ذذذذذذذ ذ ذ ذ ذ ذ ذذذذذ ذذذ ذذ ذذذذذ ذذذ ذ ذ ذذذ ذذ ذذسى تتي  ذذاذذ ذذذ ذذ

ذذذاس  اص ذ ةيريذ يذيةسذ: ذذذذذ ذذذ ذذذ ذذ ذ ذ ذذ ذذذ
ذةجةةذةرةقذ  ىةيحذيب ذاس ج ة حذاس سذ غلهذ ةسذاسةيةعيىيذاسلإتي ةذةاس ج ة تحذاس تسذ غت -1 ذذذ ذذذذذ ذ ذ ذ ذ ذ ذذذ ذذ ذ ذذ ذذذذذذذ ذ ذذذذذذ ذذ ذذ ذذ ذذذ ذذذذذ ذ ذ ذ ذ ذ ذذذذ ذذذذ ذذ ذذ ذ ذذ ذ ذ ذذذذ ذ ذذلهذذ ذ

ذذذذذ ةسذىيتةذاسةيةعيىيذ ذ ذذذذذذ ذ ذذ ذذ ذذذةهلدذاسفرةقذعيىهذسصيسحذاس ج ة حذاس غلالذ ةسذىيتةذاسةيةعيىذذ ذ ذذذذذذ ذ ذذ ذذ ذذ ذذذذذ ذ ذذذذ ذ ذ ذ ذ ذ ذذذذ ذذذ ذذذ ذذذ ذذ ذ ذ ذذذذذذذ ذذذي.ذ
ذذذذذعي ذ  ة ذاسى ةذاسيتة سذسة ج ة تحذاس غتلالذ ةتسذىتيتةذاسةيةعيىتيذ -2 ذ ذذذذذذ ذ ذذ ذذ ذذ ذذذذذ ذ ذذذذ ذ ذ ذ ذ ذ ذذذذ ذ ذ ذذذذذ ذ ذذذذذ ذذ ذ ذذ ذ291ذذ ذ ذذجترايذييتةيذبيى تيذذذ ذذذذذذ ذذذذذذ ذذعتي ذذذذ ذذ

ذ261 ذ ذذجرايذسة ج ة حذاس سذ غلهذ ةسذاسةيةعيىيذاسلإي ة.ذذذ ذ ذذ ذذذذذذذ ذ ذذذذذذ ذذ ذذ ذذ ذذذ ذذذذذ ذ ذ ذ ذ ذ ذذذذذذ ذذ
ذذعتتي ذهىتتييذةتترةقذ  ىةيتتحذبتتي ذاس ج تتة  ي ذ تت ذايتتاذاس تتيةلذاسجيةتتحذاسعةذذ -3 ذذذذ ذ ذذ ذذذذذذذ ذذذذ ذ ذ ذذ ذ ذذ ذذذ ذ ذ ذ ذ ذذذذ ذذ ذذ ذ ذ ذذ ذ ذذ ذ ذ ذ ذذ ذذ ذ ذذ ذذذيتتحذاس وعةستتحذسصتتيسذذ ذذذ ذذ ذ ذذ ذذذذ ذذحذذ

ذذذذذاس ج ة حذاس غلالذ ةسذىتيتةذاسةيةعيىتيذ ذ ذذذذذذ ذ ذذ ذذ ذذ ذذذذذ ذ ذذذذ ذ ذ ذ ذ ذ ذ9.9ذذ ذ ذجرايييتةيذ قيرىتحذبيس ج ة تحذاس تسذ غتلهذ ذذذ ذذ ذذ ذذذ ذذذذذ ذ ذ ذ ذ ذ ذذذذذ ذذ ذذذ ذذذ ذذذذذ ذذةتسذذ ذ
ذذاسةيةعيىيذاسلإي جحذ ذ ذ ذذ ذذذذذذذ ذ ذ11.ذذذذ ذ ذذذجراييذرأسييةيذذذذ ذذذ ذذ ذذذذذ ذذ

ذذذعيىتتهذهىتتييذةتترةقذ  ىةيتتحذبيسىىتتبحذستت ذذذ -4 ذذ ذذ ذذذذذذ ذ ذ ذذ ذ ذذ ذ ذ ذ ذذ ذذ ذ ذذ ذ ذذبتتي ذاس ج تتة  ي ذسصتتيسحذ ج ة تتحذذذDCPذذ،ذذذTDNذذ ذ ذ ذ ذ ذ ذذ ذذذ ذذذ ذذذ ذ ذ ذ ذ ذذذذ ذذ
ذذذذذىيتةذاسةيةعيىي. ذ ذذذذذذ ذ ذذذ

ذاتةاذ ىتي لإذوسيتيلذاسصتةلذسة ج ة تتذذ -5 ذ ذ ذ ذ ذذذذ ذ ذ ذذذذ ذذذذ ذذ ذذذ ذذذ ذذحذاس تسذ غتلهذ ةتسذىبتتيهذاسةيةعيىتيذاسلإتي ةذب تةذشتتررذذذ ذ ذ ذذذ ذذذ ذ ذذ ذذذذذذذ ذ ذذذذذذ ذذ ذذذ ذذ ذذ ذذ ذذذ ذذذذذ
ذذ قريبتتيذ تت ذاس غليتتحذةأصتتباهذاسعبتتي ذ يريتتحذ  ي تتيذقتتيذب تتةذلستتيذ تتيةةذاسصتتةلذى تتةدذة رتترذ ذ ذ ذ ذذذ ذ ذذذ ذ ذ ذذذذذ ذذ ذذ ذ ذذذذ ذذذذ ذذذ ذذ ذذذ ذ ذ ذذ ذذ ذذ ذ ذذذذ ذ ذذ ذذ ذذ ذ ذذ ذذذذذ ذ ذذذ ذذ ذذ
ذذبصةرلذأاى ذ  ذاوة ذةسذاي ذسيذياةاذأىذ ىي لإذلآسيتيلذاسصتةلذسة ج ة تحذاس تسذ غتلهذ ذذ ذذذ ذذذذذ ذ ذ ذ ذ ذ ذذذذ ذ ذ ذذذذ ذذذذ ذذ ذذذ ذذذ ذذذ ذذ ذذذذذذ ذذ ذذ ذذذ ذ ذ ذذذ ذ ذذ ذ ذ ذذذذ ذ ذ ذ

ذذذذذ ةسذىيتةذاسةيةعيىي. ذ ذذذذذذ ذ ذذ ذذ ذذذ
ذع  تتتت يىهذهى تتتت ييذة تتتت رةقذ  ىةي تتتت حذة تتتت سذص -6 ذذ ذذ ذذذ ذذ ذذ ذذ ذ ذذ ذ ذ ذذ ذذذ ذذذ ذذ ذذ ذذذذ ذذذف تتتت يهذىتتتتي  ذاسع تتتت ر ذ ذذ ذ ذذ ذ ذذذذ ذذذ ذذ ذذذ ذذ،ذammoniaذذ،ذpHذ

TVFA’sذذذذذ(ذعيىهذسصيسحذاس ج ة حذاس غلالذذ ةسذىيتةذاسةيةعيىي.ذذ ذ ذذذذذذ ذ ذذ ذذ ذذ ذذذذذذ ذ ذذذذ ذ ذ ذ ذ ذ ذذذذ ذذذ ذذذ ذذذ ذذذ
ذذذأيرتيذعيىتهذهىتييذةترةقذ  ىةي  ت حذبتي ذاس جتة  ي ذبيسىىتبحذس  تي تهذهرتيذذذ -7 ذ ذذ ذ ذ ذذ ذ ذذذ ذذ ذذذذذذ ذذذ ذ ذ ذ ذذذذ ذذذذ ذذذذذ ذذ ذ ذذ ذ ذ ذ ذذ ذذذ ذذ ذذذ ذذذ  NFE andذذ

DM, CP, CFذذسصتيسحذاس ج ة تحذاس غتلالذ ةتسذىتيتةذاسةةعيىتيذبيى تيذستيذيعت ذهىتييذةترةقذذذ ذ ذ ذ ذذ ذذذ ذذ ذ ذذذذذذذ ذذذذذذذذ ذ ذذذذذ ذ ذذ ذذ ذذ ذذذذذ ذ ذذذذ ذ ذ ذ ذ ذ ذذذذ ذذذ ذ
ذ  ىةيحذةسذ  ي  ذذ ذ ذذ ذذذ ذذ ذذ ذذذتهذهريذذ ذ ذذ ذذبي ذاس ج ة  ي .ذذEEذ ذذذ ذ ذ ذ ذ ذذذذ ذذذ

ذذأيريذعي ذهىييذةرةقذ  ىةيحذسصيسحذاس ج ة حذاس غلالذ ةسذىيتةذاسةيةعيىيذ  ذاياذذذ -8 ذذ ذذ ذ ذذذذذ ذ ذذذذذذ ذ ذذ ذذ ذذ ذذذذذ ذ ذذذذ ذ ذ ذ ذ ذ ذذذذ ذذذ ذذذ ذذ ذذ ذ ذذ ذ ذ ذذذ ذذذ ذذ ذذ ذذذ  S.Vذذ
%, N.B, TDN%,  DCP%ذذةسعت ذاسفتترةقذبتي ذاس ج تة  ي ذةتتسذذذ ذ ذذ ذذذ ذ ذ ذ ذ ذذذذ ذذذذ ذ ذ ذ ذذذذ ذ ذذستيذ عتت ذذذ% N.Rذذ ذ ذذذذ

ذذذ  ىةيحذ. ذذ ذذ ذذ
ذةأضيراذىى لإيمذاسقة ذأ ذىبيهذاسةيةعيىيذيصبحذالا اذًجيةاذًسةايةاىيهذب ةذ  ةهذى ذذ ذذ ذ ذذذ ذذذ ذذذذ ذذ ذذذذذًذذ ذذذً ذذذ ذذ ذذ ذذذذذذ ذ ذذذذذذ ذذذذذ ذذذ ذ ذذذذذ ذذ ذذ ذذذذ ذذ ذيتةذلاذذ ذذ ذ ذذذذر فتي ذ يذ ذذ ذذ  تهذذذ ذذ

ذاسغلا يحذةاس ضةصذ  ذب ضذاس تةاةذايترذاس راتةيذةيرتيذةاس تسذأاتةقهذ ىتي لإيذًوسيتيلذاسصتةلذايتاذأ ذ  ذذ ذذذ ذ ذ ذذ ذ ذ ذذذذ ذذ ذذ ذذذً ذذذ ذذذ ذذذ ذذذ ذ ذذذ ذذذ ذذذذ ذ ذ ذ ذ ذذذذ ذ ذ ذذذذ ذ ذذذذ ذ ذذذ ذ ذذ ذذ ذذذذ ذذ ذذذذذ ذذ ةتهذذذ ذذ
ذذىتتيتةذأاتتةاذاىضفيرتتيذًةتتسذ ذ ذذذً ذذذ ذذذذ ذذ ذذذ ذ ذذ تت ذذذCFذذ ذذذعستتسذذذذ17.52ذ ذذعتتلسيذاتتةاذار فتتي ذةتتسذذذ13.09ذذ ذ ذذ ذذ ذذ ذذذ ذذ ذذ ذذ تت ذذذNFEذذذ ذذةتتسذذذ 43.37ذ ذ

ذذاسىبيهذاسلإي ةذعسسذ ذذذذ ذ ذذ ذذذذ ذذةسذاسىيتة.ذذ49.63ذذذذذ ذ ذذ ذذذذ ذذ
 
 


