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ABSTRACT 
   

  This study aimed to find out the effect of supplementing two sources of dietary 
glutamic acid (artificial and natural) in rabbit diets on productive performance and 
carcass traits of growing APRI rabbits. The basal diet was formulated to meet 
nutrients recommendations. A total number of 150 APRI rabbit kids were weaned at 
five weeks of age with an average body weight of 667.48±3g. The rabbits were 
distributed according to body weight to five equal groups (G, n = 30 each, from 
weaning to 16 weeks of age). The five groups were assigned at random to five dietary 
treatments. The control (G1) was fed ad-libitum on a basal commercial pellet diet; 
diets of G2 and G3 were supplemented with artificial source of glutamic acid at a rate 
of 0.125 and 0.25%, respectively. While part of rations of G4 and G5 were substituted 
with a natural glutamic acid using tomato by-products at a rate of 5 and 10% 
(contained natural glutamic acid, 0.125 and 0.25%), respectively. At the end of the 
experimental period (16 weeks of age), digestibility trials were carried out to determine 
the digestibility of feed nutrients and feeding value of the experimental diets. In 
addition, four rabbits were slaughtered from each group to study the carcass traits and 
some blood parameters. 
 Results showed that body weight tended to be higher in G3 and G5 during the 
period from 5-12 and 5-16 weeks of age, than that in G1, G2 and G4, respectively. The 
highest weight gain values from 5-12 and 5-16 weeks were observed with G3 and G5. 
Feed intake was significantly affected by the diets. Lowest average feed intake from 
weaning to slaughter (5-16 weeks of age) was recorded for G4. Better feed conversion and 
performance index (%) were for G3 and G5 than in the other groups, in all ages. No 
significant differences of digestibility coefficients of nutrients among studied groups 
were observed. The maximum mortality rate was recorded in G1 and G4, respectively. 
The empty carcass (%) was significantly higher in G5. Dressing % and carcass cuts 
were higher for G5. The lowest values of AST and ALT (U/I) were recorded in rabbit of 
G2 and G3 than the other groups. Rabbits fed diet G3 recorded the lowest values of 
plasma urea and creatinine (mg/dl) followed by G4 and G5, while the highest value 
was shown with G1.  
 In conclusion, natural source of glutamic acid (tomato by-products) could be valid 
feed ingredient due to its good content of glutamic acid could be included in rabbit 
diets in levels up to 10% for better productive performance, carcass traits, 
physiological function and economic revenue. 
Keywords: APRI rabbits, glutamic acid, tomato by-products, productive 

performance, digestibility, carcass traits, economical efficiency 
 

 

INTRODUCTION 
  

Some amino acids in diets could reduce intestinal atrophy submitted to 
parenteral feeding (Pierzynowski and Sjodin, 1998). Glutamine has been 
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utilized as an important energy source for the development of the intestinal 
mucosa, cell proliferation by improving ornithine carboxylase activity (Fischer 
da Silva, 2001). Research has shown that glutamine and glutamic acid 
(Newsholme et al., 2003) as well as essential oils and plant extracts (Pelicia 
et al., 2011) have the ability of improving the immune response and the 
intestinal microflora thus preventing their negative repercussions on the 
intestinal structure and improving the absorption of nutrients and animal 
performance through increasing the absorptive surface of gastrointestinal 
mucosa and the utilization of dietary nutrients (Fischer da Silva et al., 2007). 
Glutamine plays an important role in the intestinal health without effects on 
growth performance (Baylos et al., 2008). Chamorro et al. (2007a & b) 
indicated that dietary supplementation with 1% of glutamine in rabbits diet 
reduces mortality rate. Moreover, glutamic acid is converted into glucose and 
helps to maintain the acid/alkaline balance (Christy, 2010). Glutamic acid 
(glutamate) is one of the 20 amino acids commonly found in proteins and 
plays a central role in amino acid metabolism. Glutamic acid is converted to 
glutamine and could be synthesized from several different amino acids, 
including glutamine, since feeding glutamine leads to an elevation of glutamic 
acid (Kharchenko, 2012). 

Dried tomato pomace (DTP), as a by-product, is a mixture of tomato 
skin, pulp and crushed seeds that remain after the processing of tomato for 
juice, paste and/or ketchup (Mirzaei-Aghsaghali et al., 2008 and Ventura et 
al., 2009). This by product is a good source of amino acids, energy and crude 
fiber. In addition, it contains more essential amino acids for rabbits feeding as 
compared to alfalfa meal (King and Zeidler, 2004 and Karadas et al., 2006). 
Tomato pomace (TP) can be introduced in the growing rabbit's diet without 
any problem on growth performance (Sindhu et al., 2002). It is a cheap 
source of energy and nutrients than many alternative ingredients with 
potential biological value (Devasena et al., 2007). Tomato is one of the major 
vegetables of world production; the annual production of tomato in Egypt is 
8.1 million tones resulting in production of 20.3% of manufacturing by-
products (FAO, 2011).  

Increasing rabbit's meat consumption has been a challenge in the last 
few years; high prices associated with lack of interest in whole carcasses 
have contributed to this situation. The development of processed products 
such as retail cuts and precooked meals is an attempt to meet the changing 
demand. Knowledge about carcass traits such as weight and percentage of 
prime retail cuts are essential for this new market (Blanospino et al., 2004), 
slaughter weight may affect carcass composition and meat quality. 
Consumers usually buy the whole carcass, but in recent years a market for 
retail cuts has been developed.  Breeds  differ  in carcass  traits and  meat  
quality  at  the  same  market  weight  due  to  differences  in degree  of  
maturity (Piles et al., 2000 and Dalle Zotte, 2002).  

The aim of the present study was to evaluate the effect of adding 
glutamic acid (either artificial or natural) on productive performance, 
digestibility, carcass traits and some blood parameters of growing APRI 
rabbits. 
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MATERIALS AND METHODS 
  

The experimental work of the present study was carried out during the 
period from January to March 2012 (for 11weeks) at Sakha Research Station, 
Kafer El-Sheikh Governorate, Animal Production Research Institute (APRI), 
Agriculture Research Center (ARC), Ministry of Agriculture, Dokki, Giza, 
Egypt and the chemical analysis was carried out at laboratories of APRI, 
ARC. An ample amount of tomato by-products was provided by Heinz 
Company, 6 October, Cairo, while glutamic acid was provided by Al-
Gumhoria Company.  

Tomato by-products (after manufacturing tomato ketchup) including 
skin, seeds and hard tissues (TP) were sun-air dried for seven days, then 
completely ground in a hummer mill before mixing with the other ingredients 
and stored in bags until use. The samples of the tested material were 
analyzed for crude protein (CP), crude fiber (CF), ether extract (EE) and ash. 
Dried tomato by-products were analyzed for fiber fractions, neutral detergent 
fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) using 
Tecator Fibretic System according to Goering and Van Soest (1970) 
procedures. Samples were ashed in an oven at 600°C for two hours; 
digested with HCl 50% concentration in boiling water bath and then diluted 
with water to 100 ml in order to determine calcium and phosphorus by using 
atomic absorption spectrophotometer. Amino acids concentrations were 
measured using a Bekman 7300 High Performance Amino Acids Analyzer 
according to the methods of A.O.A.C. (1996) at the central laboratory for 
feeds and feeding (CLFF), Agriculture Research Center, Giza, Egypt. The 
experimental diets were manufactured at Noubaria Research Station, APRI. 
Composition and calculated chemical analysis of the experimental diets and 
Chemical analysis and amino acid contents (%) of tomato by-products (TP) 
are presented in Tables 1 and 2.   
 

Experimental design and management:   
A total of 150 of APRI rabbit kids, weaned at 5 weeks with body weight 

of 667.48±3g, were divided according to body weight into five groups (each of 
30 kids). All rabbits were vaccinated against common diseases. The rabbit 
groups were randomly allocated to five treatments are G1 (control), which 
was fed ad-libitum on a basal commercial pellet diet without any additives. 
Both G2 and G3 groups were supplemented with an artificial source of 
glutamic acid at the rate of 0.125 and 0.25%, respectively. While, rations of 
G4 and G5 were included a natural source of TP (contain natural glutamic 
acid, 0.125 and 0.25%) at the rate of 5 and 10% from clover hay, respectively 
(Table 1). The experimental diets were formulated to be iso-nitrogenous (~ 17% 
CP) and iso-caloric (~ 2500 Kcal DE/Kg diet). All diets were in pellets to satisfy 
the nutrients requirements of growing rabbits according to Agriculture Ministry 
Decree (1996). The experimental diets were fed to growing rabbits during the 
whole experimental period (from weaning till 16th weeks of age). Rabbits were 
housed individually in galvanized wire batteries (20×35×40cm) in a well 
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ventilated building (15×11×4 m) where the air temperature and humidity were 
at natural limits. Fresh water was available at all the time from automatic 
drinkers with nipples for each cage.  Rabbits were observed daily, kept under 
the same management hygienic and environmental conditions. All rabbits were 
vaccinated against common diseases. 
 

Table (1): Composition and calculated analysis of the experimental diets 
(as fed).  

Item 
Experimental diets 

G1 G2 G3 G4 G5 
Ingredients (%):      
Clover hay (12%CP) 30.00 30.00 30.00 25.00 20.00 
Tomato by-products  - - - 5.00 10.00 
Yellow corn 20.00 20.00 20.00 21.00 23.35 
Soybean meal (44%CP) 17.55 17.54 17.60 16.05 14.95 
Wheat bran 26.20 26.09 25.90 26.65 25.35 
Molasses 4.00 4.00 4.00 4.00 4.00 
DL-Methionine 0.10 0.10 0.10 0.10 0.10 
Glutamic  acid  - 0.125 0.25 - - 
Vitamins & minerals mixture1 0.30 0.30 0.30 0.30 0.30 
Salt 0.50 0.50 0.50 0.50 0.50 
Limestone 1.05 1.05 1.05 1.30 1.45 
Di-Calcium phosphate 0.30 0.30 0.30 0.10 - 
Total 100 100 100 100 100 
Calculated analysis2:       
Dry matter (DM), % 87.20 87.10 87.00 87.40 87.60 
Crude protein (CP), % 17.03 17.00 17.00 17.01 17.01 
Ether extract (EE), % 2.71 2.70 2.69 3.06 3.40 
Nitrogen free extract (NFE), % 47.82 47.77 47.71 47.62 47.60 
Ash, %    6.02 6.02 6.01 5.75 5.42 
Digestible energy (DE), kcal/kg)3  2518 2514 2512 2503 2501 
Crude fiber (CF), % 13.62 13.61 13.59 13.99 14.22 
NDF, % 37.87 37.87 37.85 38.12 38.27 
ADF, % 21.85 21.84 21.83 22.19 22.40 
Hemicellulose, % 16.02 16.03 16.02 15.93 15.87 
Calcium, % 1. 01 1.01 1.01 1.02 1.01 
Total phosphorus, % 0.54 0.54 0.54 0.54 0.55 
Methionine, % 0.37 0.37 0.37 0.37 0.37 
Lysine, % 0.81 0.81 0.81 0.85 0.91 
DE:CP 147.88 147.88 147.72 147.17 147.03 
1- Supplied per Kg. of diet: 12000 IU Vit. A; 2200 IU D3; 10mg Vit. E; 2.0 mg Vit.K3; 1.0 mg 

Vit. B1; 4.0 mg Vit. B2; 1.5 mg Vit. B6; 0.0010mg Vit. B12; 6.7 mg Vit. Pantothenic 
acid;6.67 mg Vit. B5; 1.07mg Biotin; 1.67 mg Folic acid; 400 mg Choline chloride; 22.3 
mg Zn;10 mg Mn; 25 mg Fe; 1.67 mg Cu; 0.25mg I; 0.033 mg Se and 133.4 mg Mg.l.   

2-According to MOA (2001). 
3-Calculated according to Cheeke (1987): DE (Kcal/g) = 4.36 – 0.0491 (%NDF).  %NDF = 

28.924 + 0.657 (%CF). %ADF = 9.432 + 0.912 (%CF).  Hemicellulose = %NDF - % ADF. 
G1=group that fed the basal diet (control), G2 and G3= groups that fed the basal diet with 
artificial glutamic acid (0.125 and 0.25%), G4 and G5= groups that fed the basal diet in 
which tomato by-products substituted part of clover hay (natural glutamic acid, 0.125 and 
0.25%). 

 
Feed consumption was recorded weekly during the whole experimental 

period. Rabbits were weighed weekly from the beginning till the end of the 
experiment. Live body weight (g), weight gain (g), feed intake (g), feed 
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conversion (g feed/g gain), performance index% (final live body weight 
(kg)/feed conversion*100 according to North, 1981), mortality rates (%) were 
recorded. Some economic efficiency values were also calculated. 

 

Table (2): Chemical analysis and amino acid contents (%) of the tomato 
by-products 

Chemical analysis Amino acid contents (%) 
Dry matter (DM, %) 93.95 Aspartic acid 3.14 
Organic matter (OM, %) 89.45 Threonine 0.53 
Crude protein (CP, %) 21.95 Serine 1.16 
Crude fiber (CF, %) 38.00 Glutamic acid 2.49 
Ether extract (EE, %) 8.50 Proline  0.02 
Nitrogen free extract (NFE, %) 21.50 Glycine 2.46 
Ash, %  4.50 Alanine 1.50 
Calcium, % 0.77 Valine  0.90 
Phosphorous, % 1.07 Methionine  0.31 
DE (kcal / kg)* 1565 Isoleucine 1.00 
Fiber fractions (%)   Leucine 2.55 
Neutral detergent fiber (NDF, %)   56.92 Tyrosine 0.55 
Acid detergent fiber (ADF, %)    42.31 Phenylalanine 0.94 
Acid detergent lignin (ADL, %)  9.18 Histidine 1.28 
Hemicellulose, %   14.61 Lysine  2.24 
Cellulose, %    33.13 Ammonia 4.00 
  Arginine 1.12 
*Calculated according to Cheeke (1987):    DE (kcal/g) = 4.36 – 0.0491 (%NDF)  
  NDF= cellulose+ hemicellulose+ lignin, Hemicellulose (%) = NDF- ADF, ADF= cellulose+ 
lignin 

 
 

Digestibility trials: 
At the end of the experimental period, three rabbits from each 

treatment were randomly selected to determine the digestion coefficients of 
nutrients and the feeding values of the experimental diets. Feed intake and 
fecal output were quantitatively collected for five consecutive days. A plastic 
net was placed beneath every cage to retain feces and at the same time 
allowing the passage of urine. Actual daily feed intake was recorded. Feces 
was daily sprayed with 2% boric acid for keeping up the feces ammonia, then 
oven dried at 60oC till constant weight, finely ground and stored for later 
chemical analysis. Diets and feces were analyzed according to A.O.A.C. 
(1996). Digestion coefficients of nutrients and nutritive values were calculated 
according to Abou-Raya (1967).  
 

Carcass measurements: 
At the end of the experimental, four rabbits from each group were 

slaughtered to study characteristics and cut-points of carcass. Rabbits were 
weighed just before slaughter as well as after complete bleeding. The 
following variables were measured on the carcass; pre-slaughter weight 
(PSW) (fasted weight); empty carcass weight with head (ECW, EC %); 
dressed weight and percentage (DW, D %) (total edible parts weight, which 
included empty carcass weight with head and edible giblets weight); edible 
giblets weight and percentage (EGW, EG %) included liver, kidneys and heart 
weights; non edible parts weight and percentage (NEPW, NEP %) (pre-
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slaughter weight - total edible parts weight). Carcass traits % (skinning, head, 
liver, kidneys, heart and spleen) and carcass cuts (%) means the weights of 
these parts divided by fasted weight *100.  

The reference carcass was cut in the following points: cut-point 1, 
section between the 7th and 8th thoracic vertebra; cut- point 2, section 
between the last thoracic and the first lumbar vertebra, following the 
prolongation of the 12th rib when cutting the thoracic wall; cut-point 3, section 
between the 6th and 7th lumbar vertebra, cutting the abdominal wall 
transversally to the vertebral column; cut-point 4, separation of fore legs 
including insertion and thoracic muscles according to Blasco et al. (1992). 
The cut-point 1, FL: fore-quarter (fore legs) including thoracic insertion 
muscles, cut-point 2, chest (C) (thoracic cage which included the first seven 
ribs, without the insertion muscles of the fore legs); cut-point 3, lion (L) 
(including abdominal wall and the ribs after the 7th thoracic rib); cut-point 4, 
Hind legs (HL) (including the sacral bone and the lumbar vertebrae after the 
6th lumbar vertebra).  

At the time of slaughter, blood samples were collected from four rabbits 
within each group. The blood samples were collected into dry clean 
centrifuge tubes containing few drops of heparin solution and centrifuged. 
Plasma was separated by centrifugation at 3000 r.p.m. for 20 minutes, stored 
in deep freezer at approximately -20o C ±1 until the time of analysis to 
estimate blood parameters. Enzyme activities included aspartate 
aminotransferase (AST) (U/I) and alanine aminotransferease (ALT) (U/I), they 
were determined using readymade kits (Diamond Diagnostics Company, 
Egypt). Urea (mg/dl) and creatinine (mg/dl) were determined calorimetrically 
using commercial kits (Diamond Diagnostics Company, Egypt) according to 
the methods described by manufactures.  
 

Economical efficiency: 
Economical efficiency was calculated as the ratio between income price 

of weight gain and cost of feed consumed at 5-16 weeks of age. 
 

Statistical analysis: 
All data were analyzed using the general linear models procedure of 

SAS (1999), data of percentages were subjected to arc-sin transformation to 
approximate normal distribution before being analyzed and means 
were separated using Duncan's multiple range tests (Duncan, 1955) for the 
comparison among means of the experimental diets when the main effects 
were significant. The model used was: 
 Yij= μ + Ti + eij  
Where: μ=overall mean of Yij, Ti = Effect of treatment (1-5), eij = Random error 

 

 

RESULTS AND DISCUSSION 
 

Chemical analysis of tomato by-products: 
The proximate analysis and amino acid contents of tomato by-products are 

presented in Table (2) revealed that, tomato by-products had reasonable amount 
of protein and nitrogen free extract and high amount of EE, crude fiber 
particularly cellulose and phosphorous.  Moderate amounts of ash and low 
amount of calcium and methionine were found. However, the present values 
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were within the values reported by Khayyal (2006) and El-Medany et al. (2008). 
The dried tomato by-products were rich in most essential amino acids 
particularly, glutamic acid and lysine and were within the published range by 
Persia et al. (2003) and El-Medany et al. (2008). From the chemical analysis 
results, it is obvious that dried tomato by-products are rich in most nutrients and 
could be a good feedstuff with high nutritive value in terms of DE. 
 

Productive performance:  
In general, glutamic acid at the rate of 10% either from the artificial or the 

natural source had resulted in more weight gain than the 5% or the control one 
but without significant differences (P>0.05). The artificial one was more 
pronounced than the natural one (Table 3). However, no significant differences 
(P>0.05) in live body weight among groups at all ages, but it tended to be higher at 
16 weeks of age in G3 by 2.9%, 4.4%, 11% and 2% than that in G1, G2, G4 and 
G5, respectively. It was also clear that the highest average body weight was 
achieved by G3& G5 during the period 5 to 12 and 5 to 16 weeks of age. These 
results were in agreement with those of Peiretti et al. (2012), who reported that 
TP had no significant differences on weight gain. 
 
 

Table (3): Productive performance as affected by glutamic acid in the 
experimental diets for growing APRI rabbits at different ages  

a, b and c  means in the same row with different superscripts are significantly (P ≤ 0.05) 
different. 

1Calculated according to North (1981): Performance index % = final live body weight (Kg) / 
feed conversion*100 

G1=group that fed the basal diet (control), G2 and G3= groups that fed the basal diet with 
artificial glutamic acid (0.125 and 0.25%), G4 and G5= groups that fed the basal diet in 
which tomato by-products substituted part of clover hay (natural glutamic acid, 0.125 
and 0.25%). 

 

Item 
Experimental diets 

±SE 
G1 G2 G3 G4 G5 

Live body weight (g):      
Weaning (5weeks) 666.2 666.2 669.3 668.2 667.5 ±22.9 

12 weeks   1032.7 1045.2 1123.3 1017.4 1110.4 ±50.9 
16 weeks   1758.4 1731.7 1811.1 1611.0 1774.4 ±92.3 

Weight gain  (g/kid):      
5-12 weeks   366.5 379.1 453.9 349.3 442.9 ±53.2 

12-16 weeks 727.5 670.6 668.7 599.6 652.3 ±46.9 
5-16 weeks 1092.2 1065.5 1141.8 942.9 1106.9 ±91.3 

Feed intake(g/kid):      
5-12 weeks   1783.0a 1844.7a 1647.7b 1408.1c 1700.0b ±28.9 

12-16 weeks 3346.0a 3131.1b 3081.2b 2823.4c 2962.3c ±10.7 
5-16 weeks 4691.0a 4499.6a 4292.7b 3848.6c 4263.3b ±30.1 

Feed conversion ratio (g feed/g  gain):   
5-12 weeks 4.9b 4.9b 3.6a 4.0a 3.8a ±0.5 

12-16 weeks 4.6b 4.7b 4.5a 4.7a 4.5a ±0.2 
5-16 weeks 4.3b 4.2b 3.8a 4.1b 3.9a ±0.3 

Performance index1%:      
5-12 weeks   21.2b 21.5b  30.9a   25.3ab  28.9a  

12-16 weeks 38.3 37.1 40.5 34.2 39.1  
5-16 weeks   40. 9ab 41.0b 48.2a  39.5b  46.1ab  
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Feed intake was significantly affected by the diets. Lowest average feed 
intake from weaning to slaughter (5-16 weeks of age) was recorded for G4. 
These results may be due to the significantly higher CP and CF digestibility in G4 
(Table 3). Also, it was lower for G5 and G3 than G2 and G1, which may be due 
to that glutamine stimulates absorption in treated tissues and ~95% of the energy 
provided by glutamine oxidation remains available to the enterocyte for basic 
cellular function and repair, leading to increased intestinal nutrient absorption 
(Abely et al., 2000).  

Better feed conversion and performance index (%) were recorded for G3 
and G5 than in the other groups, in all ages. Rabbits of G3 and G5 showed 
better (P<0.05) feed conversion than other groups for the whole period. This 
was probably due to the effect of the high fat content of the TP (Ahmed et al., 
1994), which is in agreement with the results of Peiretti et al. (2012). Caro et al. 
(1993) reported that there was no significant differences in weight gain or feed 
conversion ratio among rabbits fed diets which contained 10, 20 and 30% TP. 
The same authors found that the average daily feed intake by rabbits fed diets 
containing 30% TP was lower than those of rabbits fed diets with 0, 10 or 20% 
TP.  Similar results were found by Ahmed et al. (1994), who showed no 
significant differences in live weight and daily weight gain of rabbits fed rations 
contained levels of 0, 10, 20 and 30% TP for seven weeks. The rabbits fed diet 
containing 30% TP consumed lower amount of feed, while rabbits fed the 
control diet (0% TP) consumed higher amount of feed, which is probably due to 
the effect of the high fat content of the TP.  
 

Digestibility coefficients and nutritive values: 
The Chemical analysis (%) of the experimental diets for growing APRI 

rabbits are presented in Table (4). It is shown that, determined values are close 
to the calculated values in Table (1).  

 
Table (4): Chemical analysis (%) of the experimental diets for growing 

APRI rabbits (as DM basis)  

Treatment 
Experimental diets 

DM OM CP CF EE NFE Ash 
G1  87.90 93.10 17.85 13.80 3.20 58.25 6.90 
G2 88.10 93.05 17.80 13.75 3.09 58.41 6.95 
G3  88.00 93.08 17.80 13.70 3.10 58.48 6.92 
G4 88.30 93.40 17.90 14.10 3.50 57.90 6.60 
G5 88.50 93.80 17.85 14.60 3.95 57.40 6.20 

 

No significant differences for DM and OM digestibility coefficients. While 
higher (P<0.05) digestion coefficients of CP was noticed for groups 3, 4 and 5 
(Table 5). Groups 4 and 5 had higher digestion coefficients of CF compared to 
other groups. On the other hand, G2 and G3 had the lower (P<0.05) EE and NFE 
digestibility coefficients. These results were reflected on TDN and DCP values, 
whereas groups 3, 4 and 5 had the higher (P<0.05) values. Improvement of 
CP, CF digestion or DCP could be due to the difference in the content of 
digestible dietary fiber and/or changes in the origin of starch and protein (Blas 
et al., 1990). The improvement of crude fiber digestibility may be due to an 
improvement of cecal micro organisms, which have a major effect on fiber 
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digestion in rabbits (Fernandez et al., 1994). Increasing TP in rabbits’ ration 
could increase their extract level of the diet and the digestibility coefficients. 
Gippert et al. (1989) found that increasing TP in the diets improved feed 
utilization of nutrients in rabbits. 
 

Table (5): Digestion coefficients of nutrients and nutritive values as 
affected by glutamic acid in the experimental diets for 
growing APRI rabbits  

Treatment 
Digestibility % Nutritive valuesK % 

DM OM CP CF EE NFE TDN DCP 
G1  67.9 68.6 63.7b 17.9b 82.7a 75.6ab 60.9b 11.1b 
G2 65.6 66.4 63.9b 15.7b 78.0b b73.4  59.6b b11.4 
G3  65.7 66.1 66.1ab 17.6b 76.3b 73.4b 61.5ab a13.1  
G4 69.3 69.6 70.2a 29.6a 81.5a 77.2a 67.4a 13.3a 
G5 69.2 69.7 70.2a 28.3a 82.2a 78.3a 68.7a 13.8a 

a, b and c means in the same column with different superscripts are significantly (P ≤ 
0.05) different.   KCalculated according to Abou-Raya (1967). 

G1=group that fed the basal diet (control), G2 and G3= groups that fed the basal diet with 
artificial glutamic acid (0.125 and 0.25%), G4 and G5= groups that fed the basal diet in 
which tomato by-products substituted part of clover hay (natural glutamic acid, 0.125 
and 0.25%). 

 
Mortality rates: 

The mortality rates recorded at 5, 12 and 16 weeks of age are presented in 
Figure (1).  

 
 

During the first growing period, the effect of dietary two source of glutamic 
acid showed that mortality rate was nil for G5, while, maximum mortality rate  was 
recorded for G4 (34%). Mortality rate was tended to be lower at week 16 for G3, 
G5 and G2 groups by 21, 21, 18, 24, 24 and 21% than the other two groups (G1 
and G4), respectively. This result is in agreement with those of Chamorro et al. 
(2010), who found that dietary supplementation with glutamine decreased post 
weaned rabbit mortality. Also, El-Hassan (1999) investigated the possibility of 
replacing the tomato pomace at 2.5 and 10% levels of, whereas a decrease in 
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mortality was happened. This finding is also supported by the results of Ahmed et 
al. (1994) who reported that the lowest mortality rate was found with diet contained 
10 % TP. Abd El-Razik (1996) and El-Medany (2008) found no mortality in groups 
of rabbits fed diets contained dried tomato pulp. The enhanced sanitary status 
observed in rabbits fed the glutamine supplemented diets may be due to the 
positive effect of this amino acid on mucosal barrier mechanisms or/and throughout 
changes on the intestinal macrobiotic, Also it helps to maintain mechanisms of 
epithelial cell proliferation and fuelling gut metabolism (Baylos et al., 2008). 
Carcass traits: 

Commercial empty carcass weight was insignificantly affected by 
treatments (Table 6). Empty carcass (%) was significantly heavier for G3 and 
G5. Significantly higher dressing (%) was found for G5, followed by G3 than 
other groups. This may be due to the effect of the fat content of TP (Peiretti et 
al., 2012). These results indicated that using TP at a rate of 10% improved 
carcass traits which agreed with; Ibrahim (2005). Edible giblets (%) were not 
significantly different among tested diets. This result was in agreement with 
those of Elazab et al. (2011) who concluded that TP had no adverse effect on 
edible giblets (%).  
 

Table (6): Carcass traits and percentage as affected by glutamic acid in 
the experimental diets for growing APRI rabbits  

a, b and c means in the same column with different  superscripts are significantly (P ≤ 0. 
05) different. 

Total edible parts wt. = Empty carcass wt. (with head) + edible giblets wt.   
Edible giblets wt. = Liver+ Kidneys wt. + Heart wt.     
Total edible parts %= Total edible parts wt / Fasted wt. *100 
G1=group that fed the basal diet (control), G2 and G3= groups that fed the basal diet with 

artificial glutamic acid (0.125 and 0.25%), G4 and G5= groups that fed the basal diet in 
which tomato by-products substituted part of clover hay (natural glutamic acid, 0.125 
and 0.25%). 

 
There were significant higher skinning and head for G5 than other 

treatments (Table 7).  Carcass cuts (%) tended to be higher for G5, followed 
by G3, which had better carcass cuts. These results are in agreement with 
those reported by Ibrahim (2005) and Sayed and Abdel-Azeem (2009), who 
reported that the optimum level of TP was 13.2% in rabbit's diet to improve 
carcass cuts. 

Concerning commercial carcass cut (%), G5 and G3 had mild higher 
values than the other groups. The lion portion differed significantly among 
groups, but was higher in G5. This agrees with the results reported by 

Treatment 

Pre-
slaughter 

weight 
(fasted) 

Empty carcass 
Dressing 

(total edible  
parts) 

Edible giblets Non-edible 
parts 

 (g) (g) % (g) % (g) % (g) % 
G1  1693.3 731.3 43.2b 801.6 47.3b 70.3b 4.2 891.7 52.7a 
G2 1616.7 655.5 40.5b 722.8 44.7b 67.3bc 4.2 893.9 55.3a 
G3 1852.0 892.4 48.2a 980.1 52.9a 87.7a 4.7 871.9 47.1b 
G4 1587.3 690.8 43.5b 757.1 47.7b 66.3bc 4.2 830.2 52.3a 
G5 1655.0 797.4 48.2a 876.7 53.0a 79.3a 4.8 778.3 47.0b 
±SE ±80.7 ±50.6  ±53.7  ±4.9  ±51.7  
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Devasena et al. (2007) who reported that lion portion was higher for rabbits 
fed TP at ratio of 10 and 15% than the control group.   
 
Table (7): Carcass traits, cuts and percentage as affected by glutamic acid 

in the experimental diets for growing APRI rabbits  

a and b means in the same column with different superscripts are significantly (P ≤ 0. 05) 
different.  

1On relative to pre-slaughter weight (fasted weight). G1=group that fed the basal diet 
(control), G2 and G3= groups that fed the basal diet with artificial glutamic acid (0.125 
and 0.25%), G4 and G5= groups that fed the basal diet in which tomato by-products 
substituted part of clover hay (natural glutamic acid, 0.125 and 0.25%). 

 

Blood parameters: 
No significant differences in liver function (AST and ALT, U/I) were 

detected among groups (Table 8). Michael (2000) suggested that glutamine 
could help in improving glutathione production in the liver. Glutathione is the 
main antioxidant that the body makes and it is critically important for 
detoxifying activities done by the liver (Jian-Chun et al., 1999). Adding TP to 
growing rabbits diets at 10% level decreased liver AST and ALT enzymes’ 
activities compared to the control one, this agreed with the results of Rho and 
Kim (2006) and Elazab et al. (2011) who concluded that there were no 
adverse effect on AST and ALT enzyme activity when rabbits were fed diets 
containing different levels from tomato pomace (10, 15 and 20%) compared 
to the control group 
 

Table (8): Liver and kidney functions (Means ± SE) as affected by 
glutamic acid in the experimental diets for growing APRI 
rabbits  

a, b and c means in the same row with different superscripts are significantly (P ≤ 0.05) 
different.  

G1=group that fed the basal diet (control), G2 and G3= groups that fed the basal diet with 
artificial glutamic acid (0.125 and 0.25%), G4 and G5= groups that fed the basal diet in 
which tomato by-products substituted part of clover hay (natural glutamic acid, 0.125 
and 0.25%). 

  
Urea (mg/dl) and creatinine (mg/dl) concentrations in blood plasma of 

rabbits fed the experimental diet were significantly affected by the treatments. 

Treatment  
Carcass traits (%)  Carcass cuts (%) 

Skinning Head Liver Kidneys Heart Spleen 
Fore-

1quarter 
1Chest 1Loin 

Hind- 
1quarter 

G1  16.3ab 6.9ab 3.26 0.66ab 0.27 0.06 4.16ab 9.09 11.70ab 15.01b 
G2 13.9b 6.9ab 3.29 0.61b 0.27 0.05 3.98b 8.55 10.01b 15.66ab 
G3 16.3ab 6.1ab 3.63 0.82a 0.30 0.04 4.32a 9.92 12.07a 18.78a 
G4 14.8b 7.5a 3.38 0.59b 0.23 0.06 3.89b 8.82 10.88ab 15.78ab 
G5 17.8a 7.7a 3.75 0.74ab 0.27 0.06 4.41a 10.02 12.26a 19.09a 

Item 
Experimental diets 

±SE 
G1 G2 G3 G4 G5 

AST (U/I) 88.23 38.89 45.33 92.44 79.33 ±21.32 
ALT (U/I) 68.76 26.44 30.31 72.32 36.91 ±19.01 
Urea (mg/dl) 49.80a 41.49ab 27.15c 36.05b 36.89b ±8.11 
Creatinine (mg/dl) 2.31a 1.88b 1.20b 1.73b 2.10b ±0.32 
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Rabbits of G3 recorded the lowest values of plasma urea and creatinine 
(Table 8). This may indicated that the kidney function seemed to be not 
affected by feeding TP (Ibrahim, 2005), due to the reduction in acid buildup, 
(Michael, 2009).  
 

Economical efficiency:  
Rabbits of G4 and G5 were found to have better economic efficiency 

(Table 9). The TP can be successfully used as a suitable ingredient in 
pelleted complete feed for weaning rabbits and it could be more economic 
than glutamic acid under Egyptian condition. The present results revealed 
also, that TP at the rate of 10% could be better as the feed cost/ kg gain (Abd 
El-Razik, 1996 and Khayyal, 2006).  
 
Table (9): Economical efficiency as affected by glutamic acid in the 

experimental diets for growing APRI rabbits  

Item 
Experimental diets 

G1 G2 G3 G4 G5 
Price / kg diet (L.E) 2.08 2.21 2.33 2.00 1.92 
Total feed intake/rabbit (gm) 4691.0 4499.6 4292.7 3848.6 4263.3 
Total feed cost/rabbit (L.E) 9.76 9.94 10.00 7.70 8.19 
Total weight gain/rabbit (gm) 1092.24 1065.48 1141.79 942.87 1106.90 
Feed cost / kg gain    (L.E) 8.93 9.33 8.76 8.16 7.40 
Total revenue/rabbit (L.E) 21.84 21.31 22.84 18.86 22.14 
Net revenue/rabbit (L.E) 12.09 11.37 12.83 11.16 13.95 
Economical efficiency  
( E.EF) 1.24 1.14 1.28 1.45 1.70 

Relative E. EF% 100 92 104 117 138 
Based on prices of the Egyptian market during the experimental period (2012).  
The price of one ton of clover hay (12%CP), yellow corn, soybean meal (44%CP), wheat 

bran, methionine, molasses, vitamins& minerals mix., salt, lime stone and Dicalcum 
phosphate were 1500, 2000, 3000, 1800, 44000, 1500, 75000,250, 500 and 1200 LE, 
respectively.The prices of one ton tomato by-products, glutamic acid and body weight 
on selling were 100, 100000 and 20 LE, respectively. Initial price of rabbit 20 LE. Net 
revenue / rabbit (LE) = (Total revenue / rabbit (LE)) - (Total feed cost / rabbit (LE)). 
Economical efficiency = (Net revenue/rabbit (LE)) / (Total feed cost/rabbit (LE). Feed 
cost / kg gain = Total feed cost/rabbit (LE) *1000 / Total weight gain/rabbit (gm). 

G1=group that fed the basal diet (control), G2 and G3= groups that fed the basal diet with 
artificial glutamic acid (0.125 and 0.25%), G4 and G5= groups that fed the basal diet in 
which tomato by-products substituted part of clover hay (natural glutamic acid, 0.125 
and 0.25%). 

 

Conclusions 
In conclusion natural dried tomato by-products (TP) as a source of 

glutamic acid could be used in feeding of growing rabbits up to 10% of the 
diet with no adverse effect on productive performance, carcass traits, 
physiological function and economical efficiency.  
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أثير  ضت ب  حم ة لأران فات الذبيح اجي وص ي الأداء الانت ذائي عل ك الغ ري الجلوتامي الأب
  النامية 

   و مرفت نبيل غزال -اماني امين خيال ، هدي عبد الرءوف شعبان 
 محمد عبد الغني شطيفة

  معهد بحوث الإنتاج الحيواني، مركز البحوث الزراعية، وزارة الزراعة، الدقي، جيزه، مصر
  

  
ذا البحث إلي دراسة تأثير اضافة مصدرين من حمض الجلوتاميك الغذائي (الاصطناعي يهدف ه

 ١٥٠الذبيحة لأرانب الابري النامية. تم استخدام  والطبيعي) في علائق الأرانب على الأداء الإنتاجي وصفات
 ت هذه الأرانب المفطومةقسمجم ، و ٣±٦٦٧٫٤٨أسابيع بمتوسط وزن  ٥ارنب ابري بعد الفطام عند عمر 

 أسبوع ١٦حتي عمر  )ارنب مفطوم ٣٠(تحتوي كل مجموعه علي  متساويه لخمس مجاميع وفقا لوزن الجسم
غذيت المجموعة الاولي : حتي الشبع  وزعت المجاميع الخمس عشوائيا علي المعاملات التجريبيه الخمس.

علي مصدر  رانبلثانية والثالثة : غذيت الأالمجموعتين ا , علي عليقة بدون اضافات "مجموعة كنترول"
علي التوالي. أما المجموعتين الرابعة والخامسة   %٠٫٢٥،  ٠٫١٢٥صناعي من حمض الجلوتاميك بنسب 

(كمصدر طبيعى لحمض الجلوتاميك بنسب  %١٠،  ٥فغذيت علي عليقة تحتوي علي تفل طماطم بنسب 
هضم لتقدير الأجريت تجربة ع من العمر) بوأس ١٦( تجربهمدة الفي نهاية و ) علي التوالي.%٠٫٢٥،  ٠٫١٢٥

ذبح أربعة أرانب من كل مجموعة لدراسة إلي بالإضافة  معاملات الهضم والقيمة الغذائية لعلائق التجربة
   .قياس بعض صفات الدمو صفات الذبيحة

 ١٦- ٥و  ١٢- ٥ خلال الفترة والخامسه للمجموعة الثالثة الحي أوضحت النتائج زياده وزن الجسم
عن المجموعات الأولي والثانية والرابعة علي التوالي. وكانت أعلي قيم لزيادة الوزن  من العمر أسبوع

استهلاك وسجلت أدنى متوسط  .أسبوع من العمر ١٦-٥و ١٢- ٥خلال الفترة  للمجموعتين الثالثة والخامسة
المجموعتين الثالثة والخامسة أفضل معدل  سجلتكما  أسابيع من العمر) للمجموعة الرابعه. ١٦-٥العلف من (

وخاصه لكامل  المجموعات الأخرى، في جميع الأعمارب مقارنةلنمو لأداء اأفضل دليل وللتحويل الغذائي 
هضم المواد الغذائية وإن كان افضل القيم للمجموعتين  معاملات . لم يكن هناك أختلافات معنوية في قيمالفترة

المجموعة الثالثة بالمقارنة بمجموعة الكنترول. أختلفت المجاميع في النسبة المئوية  الرابعة والخامسة يليهما
للنفوق حيث كانت أعلي القيم للمجموعتين الأولي والرابعة علي التوالي. توجد فروق معنويه بين المجاميع 

تفل  %١٠ي غذيت علي للذبيحة الفارغة، كانت النسبة المئوية للذبيحة الفارغة أعلي معنويا في الارانب الت
تميل النسبة المئوية و علي معنويا في المجموعة الخامسهألتصافي لطماطم (المجموعة الخامسه). وكانت % 

 AST)لمجموعة. كانت هناك فروق غير معنوية لانزيمات وظائف الكبد نفس القطعيات الذبيحة للارتفاع ل
and ALT)  ٠٫١٢٥لارانب المجموعتين الثانية والثالثة (بين المجاميع. كما سجلت أقل قيم للانزيمين  ،

حمض الجلوتاميك) عن باقي المجاميع. كانت هناك فروق معنوية لنسبة اليوريا (مجم/ديسلتر) في  %٠٫٢٥
رانب المجموعة الثالثة يليها البلازما للمجاميع. سجلت اقل القيم لليوريا والكرياتينين (مجم/ديسلتر) لأ

  خامسه ، بينما سجلت اعلي القيم لهما في مجموعة الكنترول. المجموعتين الرابعة وال
المصدر الطبيعي من حمض الجلوتاميك (مخلف الطماطم) يمكن إضافه  هنخلص من هذه الدراسة أن

للحصول علي أفضل عائد إقتصادي و صفات ذبيحة جيده بدون أي   %١٠لعلائق الأرانب حتي مستوي 
  تأثيرات ضاره.

 
  بتحكيم البحثقام 

  جامعة المنصوره –كلية الزراعه   أحمد زكى محرز ٠د٠أ
  مركز البحوث الزراعيه  محمد حلمى ياقوت ٠د٠أ

 


