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ABSTRACT 
 

A study was conducted to determine the chemical composition of mulberry (Morus alba) leaf meal 
(MLM) and its nutritive value as a feed ingredient in diets of broiler and layer chickens. The crude dry 
matter, protein, ash, fat, crude fibre, NDF, ADF, Ca, P and gross energy contents were 89.3%, 29.8%, 
11.8%, 11.1%, 32.3%, 22.8%, 0.28% 2.7% and 4220kcal/kg respectively. The amino acids 
composition of MLM indicates it is a good source of essential amino acids especially lysine 1.88% and 
leucine 2.55%. The overall ileal true amino acids availability was similar between layers and broilers. 
The digestibility coefficients of individual amino acids for aspartic acid, glutamic acid, tyrosine, 
histidine, argnine, glycine and tryptophan was significantly (p<0.05) higher for layers compared to 
those for broilers. However, the digestibility of methionine was higher (P<0.05) in broilers than layers. 
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INTRODUCTION 
 

Mulberry grows well in the tropics and 
subtropics, and is reported to have excellent 
nutritional value. It is grown extensively for 
leaves, which are used for raising silkworms in 
the sericulture industry. Mulberry leaves are very 
rich in protein (15-35%), minerals (2.42-4.71% 
Ca, 0.23-0.97% P, 1130-2240 kcal/kg 
metabolitezable energy and absence of anti-
nutritional factors (Omar et al., 1999; Sanchez, 
2002, 2000; Saddul et al., 2003; Sarita et al., 
2006). Its protein quality is comparable to those 
of soybean meal (Machii, 1989). Excellent results 
have been obtained with mulberry leaves as 
ruminant feed (Rojas & Benavides, 1994; Oviedo 
et al., 1994; Esquivel et al., 1996; Gonzalez, 
1996). Published values on the digestibility of 
amino acids and chemical components for 
chickens are lacking. Thus the objectives of this 
study were to determine the nutrient composition 
and amino acid availability to chicks. 

 
MATERIALS AND METHODS 

 
Birds and Housing 

 
Fifteen layer (Isa-brown strain) and fifteen male 
broiler (cobb strain) 17 weeks and 42 days old 

respectively were used in the experiment to 
determine amino acids availability of MLM. The 
birds were assigned to individual cages, during 
which time they were fed on a commercial layer 
and broiler finisher diet. 
 

Diets 
 

A basal diet (adaptation diet) which 
contained MLM as the sole source of dietary 
protein and DL- methionine was added at 0.12% 
in the basal diet. This diet was formulated to 
contain 16 % CP, 2850 kcal ME/kg. Assay diet 
was the same with basal diet except for the 
elimination of synthetic methionine. A protein-
free diet was also formulated specifically to allow 
the determination of endogenous flows of amino 
acids. All diets were fed in mash form. Chromic 
oxide was included in all diets as an indigestible 
marker. The composition of the basal, assay and 
protein-free diet and its amino acid contents are 
shown in Table 1 and Table 2 respectively. 

 
Feeding Trial 

 
The chickens were offered the basal diet ad 

libitum for three days adaptation period, which is 
considered sufficient to eliminate the carry-over 
effect between the two different diets (Kadim et 
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al., 2002). Following diet adaptation period, the 
birds were fasted for 24 hr. The birds were then 
allowed to consume the respective diets for a one 
hour period (Kadim and Moughan, 1997). Four 
hours after initial meal, the birds were killed by 
an intravenous injection of 1ml sodium 
pentobarbitonein the wing vein. The use of 
pentobarbiotone is to minimize peristaltic 
movements and mucosal shedding of the 
gastrointestinal tract, which may occur with other 
methods of killing. When the birds were 
completely immobilized, the body cavity was 
opened, the ileum removed from the location of 
Meckel’s diverticulum to a point 5 cm proximal 
to the ileo-caecal junction and digesta gently 
flushed by using a syringe into a plastic 
container. Digesta samples were immediately 
stored at -20°C. The samples were subsequently 
freeze-dried, finely ground and stored at -20°C 
for further chemical analysis.  
 
Table 1. Composition of the diets used in AA 

determination 
Ingredient Basal 

Diet 
Assay 
Diet 

Protein-free 
Diet 

Mulberry 54.00 54.12 - 
Dextrose 37.38 37.38 94.50 
Corn oil 5.00 5.00 - 
Salt 0.40 0.40 0.40 
Dicalcium 
phosphate 

1.50 1.50 2.50 

Limestone 0.50 0.50 1.50 
Choline choloride 0.30 0.30 0.30 
Mineral-vitamine 
premix 

0.50 0.50 0.50 

DL-Methionine 0.12 0 0 
Chromic oxide 0.30 0.30 0.30 

Calculated analysis 
ME (kcal/kg) 2850 2850 3460 
Crude protein% 16 16.1 0 
Crude fibre % 6 6.1 0 
Calcium % 2.00 2.00 1.17 
Phosphorus % 0.40 0.40 0.45 

*Supplied per kg diet: Fe, 35mg; Mn, 70mg; Cu, 8mg; Zn, 70mg; I, 
1mg; Se, 0.25mg ; Co, 0.2mg; calcium-D-pantothenate, 8mg; folic 
acid, 0.5mg; D-biotin, 0.045 mg; vitamin C, 50mg; vitamin A, 8000 
IU; vitamin D, 1000 IU; vitamin E, 30 IU; vitamin K3, 2.5mg; 
vitamin B1, 2mg; ; vitamin B2, 5mg; vitamin B6, 2mg; vitamin 
B12, 0.01 mg; and niacin, 30mg. 

 
Chemical Analysis 

 
Amino acid concentrations for ileal digesta 

were determined by HPLC as described by 
Cohen and Strydon (1994) following pre-column 
derivatisation with AQC reagent (6- 
aminoquinolyl-N-hydroxy-succinimdyl 
carbamate, waters, USA). Cystine and 
methionine were analysed as cystic acid and 

methionine sulfone by oxidation with performic 
acid for 16h at 0ºC and neutralization with 
hydrobromic acid before hydrolysis. Tryptophan 
contents were determined following alkaline 
hydrolysis of sample with 4.3N. LiOH.H2O for 
16h at 120°C and neutralization with 6N HCl. 
Rest of the AA were hydrolyzed by 5ml 6N HCl 
for 22 hours at 110°C. Chromium was 
determined according to Saha and Gilbreath 
(1991). 
 
Table 2. Dry matter, crude protein and amino 

acid contents (%) in diets and mulberry 
leaf meal used in metabolic study 

 Basal diet Assay 
diet 

MLM 

Dry matter 93.11 93.11 89.30 
Crude protein 16.00 16.10 29.80 
Aspartic acid 1.50 1.50   3.06 
Glutamic acid 1.70 1.70   3.33 
Serine 0.70 0.70   1.22 
Glycine 0.80 0.80   1.57 
Histidine 0.44 0.44   0.69 
Arginine 1.30 1.30   1.80 
Threonine 0.79 0.79   1.31 
Alanine 0.70 0.70   1.54 
Proline 0.60 0.60   1.30 
Tyrosine 0.30 0.30   0.82 
Valine 0.96 0.96   1.76 
Methionine 0.38 0.25   0.52 
Cyctine 0.15 0.15   0.30 
Isoleucine 1.10 1.10   1.43 
Leucine 1.80 1.80   2.58 
Phenylalanine 1.20 1.20   1.94 
Lysine 1.10 1.10   1.88 
Tryptophan 0.15 0.15   0.27 

 
Calculations 

 
Apparent digestibility of the assay diet was 

calculated using the following equation (Kadim 
and Moughan, 1997): 
Apparent AA digestibility (AID) (%) =  

AA concentration in diet - 
AA output in ileum

AA concentration in diet
x100% 

True AA digestibility of the assay diet was 
calculated using the following equation (Kadim 
and Moughan, 1997): 
True AA digestibility (%) =  

AID+endogenous AA Output

AA concentration ion in diet
 x 100% 

Where: AID: Apparent amino acid digestibility 
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Statistical Analysis 
 

Data were subjected to analysis of variance 
(ANOVA) using SPSS (2005). Duncan’s 
multiple range test was used to compare the 
means.  

 
RESULTS AND DISCUSSION 

 
The chemical and amino acid composition 

of the MLM are presented in Table 3. The amino 
acids content of mulberry leaves was comparable 
to those reported by Machii (1989) and Coto 
(1996). 
 
Table 3. Chemical composition of mulberry 

leaves (%DM) 
Nutrients Content 

Dry matter, % 89.30 
Crude protein, % 29.80 
Ether extract, % 5.57 
Crude fiber 11.10 
Gross energy, kcal/kg 4220 
Ash, % 11.8 
Neutral detergent fiber, % 35.80 

Acid detergent fiber, % 28.00 
Hemicellulose, %*  7.80 
Calcium, % 2.73 
Phosphorus, % 0.28 

Amino acids  

Aspartic acid 3.06 
Glutamic acid 3.33 
Serine 1.22 
Glycine 1.57 
Histidine 0.69 
Arginine 1.80 
Threonine 1.36 
Alanine 1.54 
Proline 1.31 
Tyrosine 0.82 
Valine 1.77 
Methionine 0.52 
Cyctine 0.30 
Isoleucine 1.43 
Leucine 2.58 
Phenylalanine 1.94 
Lysine 1.88 
Tryptophan 0.27 

*  Neutral detergent fibre-acid detergent fibre 

Table 4 shows a comparison of the 
composition of amino acids from mulberry leaves 
with the amino acid requirements of chicks as 
given by the NRC (1994). It was found that 
mulberry leaves have a good essential amino acid 

profile relative to meet the chicks requirements. 
However, cystine is deficient in mulberry leaves.  
 
Table 4. Composition of amino acids from 

mulberry leaf meal (DM basis) in 
relation to the requirements for growth 
of chicks 

Amino acid N.R.C. 
requirement 

(%) 

Mulberry leaf 
meal (%) 

Argnine 1.44 1.80 
Lysine 1.20 1.80 
Histidine 0.35 0.69 
Phenylalanine 0.72 1.94 
Tyrosine 0.62 0.82 
Methionine 0.50 0.52 
Leucine 1.35 2.58 
Isolecine 0.80 1.43 
Valine 0.82 1.76 
Threonine 0.80 1.31 
Tryptophan 0.23 0.27 
Cystine 0.43 0.30 

 
True AA digestibility of mulberry leaf meal 

is shown in Table 5. The amino acid digestibility 
of MLM ranged from 65.54% for lysine in 
broilers to 81.99% for tryptophan in layers.  
 
Table 5. True amino acid digestibility (%) of 

mulberry leaf meal of layer and broiler 
chickens 

Amino acids Layers Broilers S.E.M 

Aspartic acid  75.85a 71.69b 0.37 

Glutamic acid 75.95a 73.78b 0.38 

Serine 77.60 80.85 0.40 

Glycine 78.30a 72.71b 0.35 

Histidine 68.80a 66.55b 0.67 

Arginine 79.15a 75.33b 0.55 

Threonine 72.73 73.16 0.45 

Alanine 73.21 72.99 0.56 

Proline 73.79 73.25 0.20 

Tyrosine 75.83a 69.47b 0.79 

Valine 73.82 74.03 0.41 

Methionine 76.21b 79.72a 0.85 

Cyctine 74.67 74.36 1.14 

Isoleucine 79.38 79.72 0.37 

Leucine 76.62 77.02 0.71 

Phenylalanine 73.75 75.18 0.86 

Lysine 66.74 65.54 0.83 

Tryptophan 81.99a 79.10b 0.92 

Over all mean 74.23 74.53 0.69 
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Overall amino acids digestibility for layers 
and broilers fed MLM was 74.23% and 74.53% 
respectively. There was no significant difference 
in overall amino acids digestibility between the 
two classes of birds. However layers fed MLM 
was significantly (p<0.05) digested more aspartic 
acid, glutamic acid, tyrosine, histidine, argnine, 
glycine and tryptophan. The digestibility of 
methionine is significantly higher (p<0.05) in 
broiler than layer. The class of bird influenced 
the digestibility coefficients of amino acids in 
mulberry leaf meal. However, the average overall 
digestibility of amino acids was similar between 
layers and broilers. Effects on the digestibility of 
individual amino acids were higher in layers. The 
digestibility of glycine, histidine, arginine, 
aspartic, glutamic, tyrosine and tryptophan was 
higher in layers compare to broilers, while that of 
methionine, was higher in broilers. The 
digestibility of other amino acids was similar 
between the two classes of birds. The poor 
individual amino acid digestibility in broilers 
feeding mulberry leaves attributed to the high 
level of NDF in mulberry leaves. This is in 
agreement with findings that the nutrients in diets 
containing high fibre levels are poorly digested in 
broiler (Annison et al., 1997).  

 
CONCLUSIONS 

 
Mulberry (Morus alba) leaf meal can be 

used as a potential source of protein in poultry 
production. The true ideal digestibility of amino 
acids in MLM is influenced by the class of birds. 
This need further research in order to confirm 
this finding. 
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