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1 SUMMARY 
This study was carried out to evaluate the effect of high dietary energy as calcium salt dry 
fat and protected methionine on serum and tissues magnesium (Mg), copper (Cu), zinc 
(Zn), iron (Fe) and cobalt (Co) concentrations of Awassi lambs during finishing stage. 
Twenty-four Awassi lambs (3 to 4 month old) were distributed equally to four treatments 
groups as follow: Control (Regular ration; NRC requirements); T1 (High energy 3.0 Mcal 
ME/ kg); T2 (high energy 3.0 Mcal ME/ kg and 2.5 methionine/ head/ day as 
Smartamine) and T3 (high energy 3.0 Mcal ME/ kg and 5g/ head/ day methionine as 
Smartamine). A significant effect of treatment on livers' cobalt, copper and iron were found 
with variable change between each mineral and groups. Zinc and Mg concentration in 
blood serum showed significantly lower values for the final blood sampling compared with 
the initial in all groups with a significantly (P<0.05) lower Zn and higher Mg values for the 
control compared with other groups. Otherwise, treatment didn't cause any effect on Cu 
and Co concentrations in the blood serum.  In conclusion, increasing dietary energy by 
using calcium salt dry fat up to 3% with protected methionine up to 5g/day for growing 
Awassi lambs during the finishing period can be used without any negative effect on their 
minerals bioavailability and consequently their health and performance.  

 
2 INTRODUCTION 
Awassi sheep is the most numerous and 
indigenous breed in Middle East. It is a 
multipurpose breed, used for meat, milk and 
wool production with high adaptability to harsh 
environmental and feeding conditions. The full 
potential of Awassi sheep is not utilized 
because of under nutrition and the lack of 
scientific research regarding the nutrient 
requirements under their raising conditions. 
Fattening of Awassi lamb has great potentials 
by contributing to red meat production and 
reducing the imported red meats in Arab 
countries. The most important animal 
requirements are energy and protein. The 
partitioning of protein to specific amino for 
maintenance and production is the most 
important issue in animal nutrition and many 

experiments in the literature conducted to 
identify the most limiting amino acids of 
livestock. Methionine, sulphur amino acid, is 
considered to be one of the most limiting 
amino acid for protein synthesis of growing 
ruminants and consequently increase growth 
rate of beef cattle (Merchen and Titgemeyer, 
1992) and lambs (Lynch et al., 1991). 
Additional methionine optimized growth for 
high growing ruminant animals (Loerch and 
Oke, 1989). Using undegradable single essential 
amino acid permits more space for other 
ingredients needed to support ruminal 
microbial protein synthesis (Clark et. al., 1992).  
The requirements of ruminant animals of 
energy can easily be covered by feeding cereals 
such as corn, barley, wheat and….etc. 
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Nowadays, price of grains increase 
continuously which increase the cost of ration 
and consequently reduce the profit. Because of 
that, dry fat and oil can be used for farm 
animals’ ration as a substitution of cereals as an 
energy source. Using fat and oil in farm 
animals' ration must not exceed 3% of dietary 
dry matter. More fat in the form of calcium salt 
can be used up to 6% without a negative effect 
rumen digestion (Palmquist, 1984). Soap stock 
is a by- product of the vegetable oil refining 
procedure and rich in polyunsaturated Fatty 
Acids (PUFA) and calcium. Soap stock can 
easily be used to substitute the oil or free fat in 
farm animals’ rations as a source of energy to 
reduce feeding cost.  Magnapac® is one of the 
soap stock palm fatty acids calcium salt for 
animal use which introduced recently to the 
market.  The nutritive value of Magnapac® 
(Norvel- Misr- Egypt): crude fat%= 84; 
Moisture%= 3.5; Ash%= 18; acid insoluble 
ash%= 0.5 and Ca%=9. Because of high 
mineral and calcium content in the calcium salt 
fat and high sulphur in the methionine in the 
diet, negative or positive effect on some 
minerals bioavailability may occur because of 
the synergistic or antagonistic interactions 

between minerals which well documented 
(O'Dell, 1989). Some studies reported a 
reduction in Mg absorption in the intestine 
when fat fed by forming insoluble soaps 
(Palmquist and Conrad, 1978; Zinn and Shen, 
1996). Trace mineral bioavailability is very 
critical issue regarding farm animal health and 
productivity. It is affected animal species, 
physiological state, previous feeding and 
nutrition, positive and negative interaction with 
dietary nutrients and ingredients, and chemical 
form and solubility of the mineral element 
(Ledoux and Shannon, 2005). Animal tissues 
such as liver, kidney, and blood are very 
sensitive to change in dietary minerals in term 
of deficient and toxic levels (Underwood and 
Suttle, 1999).  Unfortunately, there is no data 
available regarding the effect of feeding calcium 
salt fat and sulphur amino acid on the mineral 
metabolism and interaction possibilities in 
ruminant animals. Therefore, the objective of 
this study was to assess the effects of high 
dietary energy as dry fat (Magnapac®) and 
protected methionine (Smartamine®) on the 
metabolism of magnesium, copper, zinc, iron 
and cobalt concentrations in blood serum and 
tissues of Awassi lambs during finishing stage.  

 
3 MATERIALS AND METHODS 
3.1  Animal, feeding, sampling and 
management: Twenty four growing Awassi lambs, 
3-4 months old, were used in this experiment. 
Animals were individually housed and injected 
subcutaneously with 2 mL enterotoxaemia vaccine. 
During the experiment, lambs were divided equally 
into four groups and each housed in an individual 
pen (0.8x 1.4 m) with separate feeder and drinker. 
The dietary treatments for each group were as 
follows: Control (Regular ration; NRC 
requirements); T1 (High energy 3 Mcal ME/kg); T2 
(high energy 3 Mcal ME/ kg and 2.5 methionine/ 
head/ day as Smartamine) and T3 (high energy 3 
Mcal ME/ kg and 5g/ head/ day methionine as 
Smartamine) as shown in table 1. The concentrate 
diets were formulated according to NRC (1985) and 
the energy levels increased by using dry fat 
(Magnapac). The nutritive value of Magnapac 

(Norvel- Misr- Egypt): crude fat%= 84; 
Moisture%= 3.5; Ash%= 18; acid insoluble ash%= 
0.5 and Ca%=9. Moreover, lambs were fed the 
assigned diets which presented in Table (1) for 12 
weeks. At the end of experiment, blood samples 
were collected before slaughtering from the jugular 
vein using vacutainer tubes without heparin. Serum 
separated by centrifugation for 3000 rpm/ 15 
minutes and prepared for mineral analysis according 
to AOAC (1990). After slaughtering, liver, kidney 
and meat samples were collected using stainless 
steel surgical blades and prepared by wet digestion 
using sulphuric acid, nitric acid and hydrogen 
peroxide and diluted with 0.1 M HCl in 25 ml 
volumetric flask. All prepared samples were 
analyzed for Cu, Zn, Co, Fe and Mg by using 
Atomic Absorption Spectrophotometer (AAS: 
Perkin Elmer, 1981).  
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Table 1: Ingredients proportions and diet chemical composition (As fed) 
Ingredient (%) Diet 11 Diet 22 

Barley 65 65 
Soybean meal 4.2 5.4 
Wheat bran 14 10 
Alfalfa hay 15 15 
Dry fat (Magnapac) 0 3 
CaCO3 1.2 1.0 
Salt 0.5 0.5 
Mineral & vitamins premix3 0.1 0.1 
   
Chemical composition    
Crude protein (g/ Kg DM) 159.54 158.33 
Metabolizable energy (Mcal/ kg DM) 2.80 3.00 
Calcium (g/ kg DM) 8.11 9.72 
Phosphorus (g/ kg DM) 5.3 4.8 
1 Formulated according to NRC (1985) to cover nutrients requirements. 
2 Increasing metabolizable energy by adding dry fat (Magnapac) 
3 Minivit-Forte, VAPCo, each 1 kg contains: Cu sulphate= 9.417 mg, Fe sulphate= 85 mg, Mg sulphste= 535 mg, Mn 
sulphate= 41.25 mg, Zn sulphate= 77.2 mg, Di- Ca phosphate = 145 mg. Vit A= 6250 I.U, vit D3= 1510 I,U, vit E= 
4.375 I.U., Cobalt chloride= 1.933 mg, K iodide= 6.367 mg and Na selenite= 0.274 mg. 
 

3.2  Statistical Analysis: Data were analyzed 
by using SPSSTM version 10 (1998) as a complete 
randomized design (CRD). The Protected least 
significant differences test (LSD) was used to 
determine differences among treatments means for 
significant dietary effect (Steel and Torrie, 1980), 
with P<0.05 considered statistically significant 
unless otherwise noted.  The linear model was: 

Yij = µ + ti + Eij 
Yij= dependent variable. 
µ = overall mean. 
ti= effect of dietary treatments (high energy and 
high energy with the twolevels of protected 
methionine). 
Eij= random error associated with observations. 

 
4 RESULTS AND DISCUSSIONS  
The mineral concentrations in blood serum at the 
beginning and the end of the experiment were 
reported in Table 2. There were no significant 
differences (P>0.05) between the group in term of 
Mg, Co, Cu and Zn at the beginning of the 
experiment, but treatment caused a significant 

change in Zn and Mg concentration at the end of 
the experiment with higher Zn and lower Mg values 
for treated groups compared with the control. The 
general trend at the end of the experiment was 
lower Mg concentration when compared with the 
initial concentration for all experimental groups.  

 
Table 2: The effect of high energy intake and protected methionine supplementation on trace mineral 
concentration in blood serum of finishing Awassi lambs 

Sign. SEM T33 T22 T11 Control  Treatment 
NS 1.21 44.51 45.39 44.82 49.65 Initial Mg concentration 

µg/ml * 1.44 29.65b 31.72b 30.66b 37.62a Final  
NS 0.06 1.14 1.07 0.94 1.08 Initial Cu concentration 

µg/ml NS 0.03 1.13 1.14 1.12 1.15 Final  
NS 0.13 2.13 2.53 2.68 2.51 Initial Zn concentration 

µg/ml * 0.21 1.62b 1.77b 1.58b 0.97a Final  
NS 0.009 0.15 0.16 0.13 0.09 Initial Co concentration 

µg/ml NS 0.01 0.09 0.13 0.13 0.09 Final  
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Control: NRC requirements, 1 High energy diet, 2 high energy+ 2.5g/d/head smartamine., 3 High energy+ 
5.0g/d/head smartamine., SEM= standard error of means, * P <0.05 
Table 3:  Mineral concentrations (µg/g dry matter basis) in Awassis' tissues 
a. Meat 
Minerals control T11 T22 T33 SEM Sign. 
Mg   53.6 76.7 46.8 57.96 7.65 NS 
Co   4.66 4.20 5.4 2.10 0.58 NS 
Cu   27.22a 8.89b 10.20b 6.64c 3.9 * 
Zn   104.7 104.1 65.96 113.18 9.9 NS 
Fe   39.44 45.06 40.34 52.00 3.2 NS 
Dry matter% 22.92 23.44 19.86 21.25 1.3 NS 
Inorganic% 1.266 1.11 0.983 1.12 0.06 NS 
b. liver 
Minerals control T11 T22 T33 SEM Sign. 
Mg   51.37 53.06 48.32 50.07 5.1 NS 
Co   4.7a 8.9b 7.4b 8.08b 0.91 * 
Cu   362.15a 340.6a 241.6b 152.6c 42.9 * 
Zn   108.89 103.34 101.87 103.3 4.24 NS 
Fe   111.01a 87.54a 229.3b 187.01b 23.4 ** 
Dry matter% 23.37 23.44 27.47 20.91 1.8 NS 
Inorganic% 1.026 1.09 1.18 1.12 0.04 NS 
c. Kidney 
Minerals control T11 T22 T33 SEM Sign. 
Mg   67.64 83.2 29.44 76.7 1.34 NS 
Co   6.02 5.98 8.54 4.41 1.41 NS 
Cu   15.05 14.81 22.82 21.38 2.26 NS 
Zn   95.41 88.61 101.89 100.56 4.01 NS 
Fe   95.67a 137.55b 140.35b 186.23c 14.23 * 
Dry matter% 22.93 21.57 18.21 17.24 1.01 NS 
Inorganic% 1.30 1.26 1.21 1.25 0.045 NS 
Control: NRC requirements, 1 High energy diet, 2 high energy+ 2.5g/d/head smartamine., 3 High energy+ 
5.0g/d/head smartamine., SEM= standard error of means, * P <0.05         ** p<0.01 
 
 
Minerals concentrations in lambs' liver, kidney and 
meat were reported in Table 3 (a, b, and c). Copper 
concentrations in lambs’ meat was the only mineral 
affected by treatment with significantly higher 
values for the control followed by T1 and T2 and 
significantly (P<0.05) lower for lambs from T3 with 
high methionine (Table 3- a). Moreover, a 
significant increase in Co concentration in liver with 
using calcium salt fat and protected methionine 
were found compared with the control without any 
difference between the treated groups. No 
significant (P>0.05) effect of treatment on Zn 
concentration in liver, but a significant drop down 
in Cu concentration with adding protected 
methionine with no significant differences between 
the control and T1. Furthermore, the same trend 

was found for Fe concentration with a significantly 
(P<0.01) lower concentration with high level of 
protected methionine (T3). For kidney, there was 
no significant effect of treatment on Mg, Cu, Co 
and Zn, but Fe concentration was significantly 
affected by treatment with higher values when 
compared to the control (Table 3c). On the other 
hand, the meat, liver and kidney dry matter and 
inorganic matter percentages did not significantly 
affected (P>0.05) by treatment, even though some 
values were higher, but did not reach the significant 
levels between the experimental groups. 
Studies on the effect of feeding calcium salt dry fat 
(high calcium content) and protected methionine 
(sulfur amino acid) on minerals bioavailability for 
ruminants are very few. Our results from this study 
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regarding the minerals concentration in blood and 
tissues of the growing Awassi lambs were 
completely agreed with recent studies conducted by 
Abdelrahman (2009 and 2010) using growing shami 
and baladi kids in which a significant changes in 
term of increasing or decreasing of these minerals 
concentration in the different tissues were reported, 
but all values were within the normal range 
according to Puls (1990). Suttle and Field (1970) 
reported an increase in fecal excretion of Mn and 
Zn in sheep with increasing Ca% from 1% to 2%. 
Thus, high dietary calcium may be responsible for 
reducing availability of Cu, Mn and Zn and 
influence availability of Mg (Verdaris and Evans, 
1975). Palmquist and Conrad, (1978) and Zinn and 
Shen, (1996) reported a reduction in Mg absorption 
in the intestine when fat fed to ruminants by 
forming insoluble soaps in the rumen which 
completely agreed with our finding. Accordingly, 
the magnitude of feeding 3% calcium salt dry fat 
and protected methionine up to 5% on Mg, Co, Cu, 
Zn, and Fe in different tissues of growing Awassi 

lambs is relatively small without any negative effect 
on lambs health and productivity. On the other 
hand, the data presented in this section give a clear 
evidence of interactions of minerals with each other 
and further research needed to declare these 
negative or positive relationships and maximum 
levels that can be used from calcium salt dry fat and 
sulphur amino acids levels to avoid mineral 
deficiencies or toxicities.  
In conclusion, increasing dietary energy by using 
calcium salt dry fat up to 3% with protected 
methionine up to 5g/day for Awassi lambs during 
the finishing period can be used without any 
negative effect on Awassi lambs growth and health. 
Even though, some minerals bioavailability affected 
by increasing or decreasing their absorption and 
consequently their concentration in body tissues. 
So, further research is needed to identify the 
maximum levels of calcium salt dry fat and 
protected sulfur amino acids to be used in ruminant 
diets without negative effect their performance and 
minerals bioavailability.  
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