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SUMMARY 
  
 Eighteen male growing Friesian calves averaging 187±2.50 kg body weight and 
9±0.19 months of age were used to study the effect of feeding rations containing 
different levels of poultry litter and corn silage on some heavy metals accumulation 
and histological aspects of body tissues. Calves were divided into three similar 
groups (6 in each) and were assigned randomly to the three experimental rations as 
follows: 
R1 (control): 65 % concentrate feed mixture + 15 % berseem hay + 20 % rice straw. 
R2: 12.5 % poultry litter + 12.5 % corn grains + 75 % corn silage. 
R3: 25 % poultry litter + 25 % corn grains + 50 % corn silage. 
 The contents of copper (Cu), cadmium (Cd) and lead (Pb) were higher in poultry 
litter compared to the other tested feedstuffs. The concentrations of Cu, Cd and Pb in 
experimental rations and intake by growing calves increased with increasing the 
level of poultry litter and decreasing the level of corn silage.  
 The concentrations of Cu, Cd and Pb in blood and seminal plasma, liver, kidneys, 
testes and muscles of growing Friesian calves significantly (P<0.05) increased when 
the level of poultry litter was increased and the level of corn silage was decreased. 
The concentrations of Cu, Cd and Pb in blood and seminal plasma, liver, kidneys, 
testes and muscles of growing Friesian calves fed R3 which contained 25% poultry 
litter were higher than the normal levels.  
 Friesian calves fed R1 and R2 showed normal histological structure of body 
tissues. However, calves fed R3 showed severely damaged hepatocytes, more 
vacuolated and enlarged hepatocytes, lymphocytic infiltration between hepatocytes 
and necrotic area of hepatocytes of liver. Glomeruli lost their architecture and lumen 
of convoluted tubule besides the lymphocytic infiltration of kidneys. Degenerations 
and necrosis of the testes were observed while the semineferous tubles and their 
lumens were free from spermatozoa. 
 It could be concluded that using poultry litter in the ration of growing calves fed 
corn silage at the level of 25% of DM basis led to an increase in the concentration of 
heavy metals in blood and seminal plasma and accumulation in body tissues causing 
abnormal histological aspects. So, poultry litter should not exceed 12.5% on DM 
basis of the ration. 
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INTRODUCTION 
  
 Copper compounds, particularly sulfate, have been widely used in purifing the 
houses of poultry and occasionally accumulated in poultry litter (Westing et al., 
1985). Of all the minerals, copper is the most likely to become toxic when over 
supplemented. Copper toxicities can occur in cattle that consume excessive amounts 
of supplemented copper or feeds that have been contaminated with copper 
compounds used for other agricultural or industrial purposes (Underwood, 1977). 
When dairy cattle consume excessive copper, they may extremely accumulate large 
amounts of the mineral in the liver before toxicity becomes evident (NRC, 2001). 
Lead and cadmium are rarely found in excessive levels in poultry litter and the toxicity of 
lead and cadmium depends greatly upon the chemical nature of the compound and its 
absorption by the body (Fontenot and Jurubescu, 1980).  
 The accumulation of minerals in animal wastes is therefore a relatively minor problem 
within the context of the potential health hazards of waste recycling. In formulating 
rations, it is however necessary to limit quantities of animal waste so that the content of 
critical mineral contamination does not exceed tolerance levels (Gibbons et al., 1970). 
 Cadmium is a toxic element that accumulates within the body particularly in 
kidneys causing renal damage. The maximal tolerable cadmium concentration in the 
diet of cattle was set at 0.5 mg / kg in an effort to avoid adding cadmium to the diet 
of humans consuming animal′s products (NRC, 2001).  
 Lead is the most common cause of toxicty in domestic livestock. Lead 
accumulates in the kidney cortex and renal tubular inclusion bodies suggest impaired 
renal function (Neathery and Miller, 1975).  
 Friesian calves fed broiler litter suffered pronounced necrobiotic changes associated 
with hydropic degeneration of liver and hepatic lesions (Salama, 1995). The same author 
indicated that the hepatocytes appeared enlarged and vaculated with presence of small to 
large intracytoplasmic eosenophilic spheroidal inclusions.  
 The objectives of this study were to investigate the effects of feeding different 
levels of poultry litter and corn silage on some heavy metals accumulation and 
histological aspects of body tissues of growing Friesian calves.  
 
MATERIALS AND METHODS 
 
 The current work was carried out at Karada Animal Production Research Station, 
Animal Production Research Institute, Agricultural Research Center, Ministry of 
Agriculture. Eighteen male Friesian calves with an average body weight of 187 + 
2.50 kg and 9 + 0.19 months of age were divided into three similar groups (6 in each) 
according to their live body weight and age. The three groups were assigned at 
random to receive one of the three experimental diets. The feeding trial lasted 8 
months and calves were individually fed the experimental rations containing different 
levels of poultry litter and corn silage to cover the requirements of growing calves 
according to NRC (1996) as shown in Table (1).  
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Table 1. Formulation of the experimental rations and dry matter intake by 
growing Friesian calves 

Experimental rations Items  R1 (control) R2 R3 
Ration formulation % on DM basis 
Concentrate feed mixture  65.0 - - 
Berseem hay  15.0 - - 
Corn silage  - 75.0 50.0 
Corn grains  - 12.5 25.0 
Poultry litter  - 12.5 25.0 
Rice straw 20.0 - - 
DM intake (kg / day) 9.40 9.15 9.28 

  
 The control ration is the ration used by most producers. Concentrate feed mixture is 
consisted of 32% undecorticated cotton seed cake, 5% linseed cake, 22% yellow corn, 
26% wheat bran, 12% rice bran, 2% molasses, 0.5% limestone and 0.5% common salt. 
Concentrate feed mixture or poultry litter and corn grain mixture were offered two times 
daily at 08.00 h and 16.00 h, while rice straw was given two times daily at 12.00 h and 
17.00 h; berseem hay and corn silage were given once daily at 10.00h. Drinking water 
was offered ad lib 3 times a day.  
 Blood samples were collected once a month from the jugular vein of all calves by 
sterile needle into a dry clean plastic tube containing heparin as an anticoagulant. 
Samples were centrifuged at 4000 rpm for 15 minute to obtain plasma. Two 
successive semen ejaculates were weekly collected from each calf in an interval of 30 
minutes using artificial vagina. Semen was centrifuged at 3000 rpm for 15 minute to 
obtain seminal plasma. At the end of the experiment after 8 months (when average 
body weight of each group was 450 kg), three calves from each group were chosen 
randomly, weighed after fasting for 16 hours and slaughtered. Upon completion of 
bleeding, animals were skinned, dressed out and samples of muscle, liver, kidneys 
and testes were taken for chemical analysis.  
 The samples of feedstuffs, blood and seminal plasma, muscles, liver, kidneys and 
testes were prepared for copper, cadmium and lead determination according to the 
methods of A.O.A.C. (1990). The concentrations of these elements were determined 
by Atomic Absorption Spectrophotometer (Perkin Elmer 2380). 
 For histological studies, tissue samples from liver, kidneys and testes were taken 
just after slaughtering and fixed in 10% formalin solution. After proper fixation the 
samples were dehydrated, cleared and embedded in paraffin wax. Sections of 5-7 
microns thick were obtained and stained with Haematoxylin and Eosin stain. All stain 
techniques were carried out according to Bancroft and Stevens (1990). 

The data obtained for these elements determinations were statistically analyzed 
using general linear model procedure adopted by SPSS (1999) for user′s guide as 
one-way ANOVA. Also, Duncan′s test within program of SPSS was done to 
determine the degree of significance between the means. 
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RESULTS AND DISCUSSION 
 The contents of copper (Cu), cadmium (Cd) and lead (Pb) of poultry litter were 
higher compared with the other tested feedstuffs. Therefore, the calculated Cu, Cd 
and Pb contents of the experimental rations containing poultry litter and corn silage 
were higher than in the control ration and increased with increasing the level of 
poultry litter and decreasing the level of corn silage (R2 and R3) (Table 2). 
Moreover, data in Table (2) revealed that the intake from Cu, Cd and Pb increased 
(P<0.05) with increasing the level of poultry litter and decreasing the level of corn 
silage in the experimental rations. Increased Cu, Cd and Pb contents in the two 
experimental rations (R2 & R3) as well as the intake of these elements by the calves 
could be attributed to the excessive levels of Cu, Cd and Pb in tested poultry litter 
(Table 2). These results agree with those obtained by El-Amary (1995) and Salama 
(1995) who indicated that Cu, Cd and Pb intake increased with increasing the 
proportion of poultry litter in the ration. 
 
Table 2. Heavy metals contents of tested feedstuffs and experimental rations and 
intake by the studied Friesian calves 
Items Copper (Cu) Cadmium (Cd) Lead (Pb) 
Contents  (mg / kg DM basis) 
Feedstuffs     
Concentrate feed mixture 11.70 0.130 4.45 
Berseem hay 10.15 0.115 3.94 
Corn silage 9.80 0.135 4.62 
Corn grains 4.35 0.125 3.65 
Poultry litter 45.50 0.420 25.38 
Rice straw 4.95 0.140 4.79 
Experimental rations    
R1 (control)  10.12 0.130 4.44 
R2  13.58 0.169 7.09 
R3  17.36 0.204 9.57 
Intake  mg/day 
R1 (control)  97.01c 1.22c 41.74c 
R2  124.26b 1.55b 64.87b 
R3  161.10a 1.89a 88.81a 
MSE 4.08 0.06 2.06 
a, b and c: Means in the same column with different superscripts differ significantly 
(P<0.05). 
 
 The concentrations of Cu, Cd and Pb in blood plasma as well as in seminal 
plasma of Friesian calves increased (P<0.05) with increasing the level of poultry litter 
in the rations (Table 3). The increased concentrations of Cu, Cd and Pb in blood and 
seminal plasma is due to the increased Cu, Cd and Pb contents of experimental 
rations and subsequently the intake (Table 2). The concentrations of Cu, Cd and Pb in 
blood and seminal plasma for calves fed R3 (containing 25% poultry litter) were 
higher than the normal levels as previously reported by Georgievskii et al. (1982). 
Moreover, the concentrations of Cu, Cd and Pb in blood plasma were higher than in 
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seminal plasma. Significant correlations existed between the quantities of Cu, Cd and 
Pb intake and concentrations in blood plasma with coefficients of 0.35, 0.52 and 
0.47, respectively (P<0.05). The corresponding correlations for seminal plasma were 
0.28, 0.45 and 0.37, respectively (P<0.05). The high positive correlations between the 
concentrations of Cu, Cd and Pb in blood and seminal plasma reached 0.85, 0.73 and 
0.75 coefficients, respectively (P<0.05). These results are in accordance with those 
obtained by El-Amary (1995) who found that Cu, Cd and Pb concentrations in blood 
serum increased with increasing the level of poultry litter in the ration. Moreover, Xu 
et al. (1993) reported that the concentrations of Cu, Cd and Pb were generally higher 
in blood than in seminal plasma. 
 
Table 3. Heavy metals concentrations in blood and seminal plasma of Friesian 
calves fed the experimental rations 

Experimental rations Items R1 R2 R3 MSE 
 (ug / 100 ml) 
Blood plasma     
Copper (Cu) 105.35c 118.75b 138.60a 3.29 
Cadmium (Cd) 5.25c 7.15b 10.45a 0.50 
Lead (Pb) 12.25c 14.85b 17.90a 4.24 
Seminal plasma     
Copper (Cu) 90.30c 104.25b 130.80a 4.03 
Cadmium (Cd) 5.49c 6.24b 7.98a 0.01 
Lead (Pb) 12.95c 14.55b 17.80a 0.70 
a, b and c: Means in the same row with different superscripts differ significantly 
(P<0.05). 
 
 Calves fed R2 and R3 accumulated more Cu, Cd and Pb in body tissues compared 
with the R1 group (control). This result is expectedly due to the high concentration of 
these three elements in the experimental rations and subsequently the intake (Table 
2). The results presented in Table (4) revealed that the concentrations of Cu, Cd and 
Pb in muscles, liver, kidneys and testes of Friesian calves significantly (P<0.05) 
increased with increasing the level of poultry litter and decreasing the level of corn 
silage in the rations. The increases of Cu, Cd and Pb accumulation in body tissues 
with increasing the level of poultry litter in the rations is due to increasing Cu, Cd 
and Pb contents in the experimental ration and intake with increasing the level of 
poultry litter in the ration (Table 2). The highest accumulation of Cu and Pb were 
found in liver followed by kidneys, while the highest accumulation of Cd was found 
in kidneys followed by liver. However, muscle and testis showed the lowest 
accumulation of these elements.  
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Table 4. Heavy metals contents in body tissues of Friesian calves fed 
experimental rations 

Experimental rations Items R1 R2 R3 MSE 
 (mg / kg DM basis) 
Liver     
Copper (Cu) 30.35c 39.65b 55.70a 7.89 
Cadmium (Cd) 1.52c 1.85b 2.35a 0.08 
Lead (Pb) 0.50c 0.65b 0.90a 0.04 
Kidneys     
Copper (Cu) 5.45c 7.65b 9.30a 0.92 
Cadmium (Cd) 15.50c 19.85b 25.25a 0.97 
Lead (Pb) 0.35c 0.52b 0.85a 0.05 
Testis      
Copper (Cu) 6.30c 7.25b 8.60a 0.23 
Cadmium (Cd) 3.20c 4.75b 6.10a 0.29 
Lead (Pb) 0.20c 0.28b 0.42a 0.02 
Muscle     
Copper (Cu) 8.35c 8.95b 9.60a 0.60 
Cadmium (Cd) 6.35c 7.95b 9.80a 0.34 
Lead (Pb) 0.15c 0.22b 0.32a 0.02 
a, b and c: Means in the same row with different superscripts differ significantly 
(P<0.05). 
 
 The significant correlation coefficients (P<0.05) between the intake of Cu, Cd and 
Pb and their concentrations were 0.70, 0.53 and 0.74 in liver; 0.58, 0.76 and 0.65 in 
kidneys; 0.35, 0.25 and 0.30 in muscle and 0.32, 0.42 and 0.36 in testis, respectively. 
 The contents of Cu, Cd and Pb in body tissues of calves fed R3 (containing 25% 
poultry litter) were higher than the normal levels as suggested by McDowell (1992). 
Additionally, Salama (1995) found that the concentrations of Cu, Cd and Pb in 
muscle, liver and kidneys increased with increasing the level of poultry litter in the 
rations. Lopez Alonso et al. (2000 & 2003) reported that increasing Cu, Cd and Pb 
intake led to increasing the accumulation of Cu, Cd and Pb in liver, kidneys, muscle 
and testes. The higher content of Cu in the liver of calves is strongly dependent on its 
concentration in the diet (Georgievskii et al., 1982). Results concerning the higher 
accumulation of heavy metals in liver and kidneys than in muscle are in agreement 
with by Bellof et al. (2000). 
 
Histological aspects: 
 Friesian calves fed R1 (control ration) and R2 (12.5% poultry litter) showed 
normal polygonal hepatocyte containing PAs + ve granules (Fig. 1). However, calves 
fed R3 (25% poultry litter) showed that some hepatocytes lost their architectur (Fig. 
2). Their nuclei appeared more pyknotic. Severely damaged hepatocytes, which lost 
their histological pattern, were observed in different areas in the liver. The 
centrolobular hepatocytes became more vacuolated, enlarged, and the PAs + ve 
granules were reduced in the cytoplasm of some cells. Lymphocytic infiltration was 
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found between hepatocytes and these necrotic areas (Fig. 3). These results are due to 
increasing the intake of Cu, Cd and Pb with increasing the level of poultry litter in the 
ration. These results agree with those obtained by Canton-Castillo et al. (1994) who 
showed that liver and kidneys of sheep given diets containing poultry litter were 
damaged in all treated groups. Also, Salama (1995) reported that liver of animals fed 
poultry litter enhanced hepatic degeneration.  
   
 
Fig. 1. Paraffin section in liver of calves fed R1 showing normal polygonal hepatocytes 
(arrow) and few PAs + ve granules (two arrows). (PAs Tech. x: 400) 
 

 

Fig. 2. Paraffin section in liver of calves fed R2 showing severely damaged 
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hepatocytes (arrow). (H & E stain, x: 400) 
  

 
Fig. 3. Paraffin section in liver of calves fed R3 showing lymphocytic infiltration 
between hepatocytes (arrow). ((PAs Tech. x: 400) 
 

 Friesian calves fed R1 and R2 showed the normal convoluted tubules of kidneys 
(Fig. 4). In calves fed R3 the lining epithelium surrounding the lumen of the 
convoluted tubules was more dilated with some destructed cells while the interstitial 
tissue was infiltrated by lymphocytes (Fig. 5). Also, the glomeruli lost their 
architecture as hypercellularity, increasing the amount of mesengial matrix, which 
appeared as a PAs + ve stained areas in the glomeroli, the nuclei of mesengial cells 
and podocytes were deeply stained and showed pyknosis (Fig. 6). These results are 
produced by the increased intake of Cu, Cd and Pb with increasing the level of 
poultry litter in the ration. These results are in agreement with those obtained by 
Canton-Castillo et al. (1994) who found that liver and kidneys of sheep given diets 
containing poultry litter was damaged in all treated groups. Also, Salama (1995) 
found that kidneys of Friesian calves fed ration containing 30% poultry litter suffered 
from microbiotic changes associated with lobular dilation, while the epithilial lining 
of the tubules appeared vacuolated with pyknotic nuclei. 
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Fig. 4. Paraffin section in kidneys of calves fed R1 showing normal convoluted 
tubules (arrow). (PAs Tech. x: 400) 

 
Fig. 5. Paraffin section in kidneys of calves fed R2 showing the glomeruli (1), 
lumen of convoluted tubule (2) and lymphocytic infiltration (arrow). (PAs Tech. 
x: 400) 
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Fig. 6. Paraffin section in kidneys of calves fed R3 showing the glomeruli lost 
their architecture (arrow). (PAs Tech. x: 400) 
 
 The seminiferous tubules in testis of Friesian male calves fed R1 and R2 were 
healthy and revealed different stages of spermatogenesis reaching the elongated 
spermatids (Fig. 7). On the contrary, some of the semineferous tubules of calves fed 
R3 showed signs of degeneration and necrosis (Fig. 8). These results are to increase 
the intake of Cu, Cd and Pb with increasing the level of poultry litter in the ration.  
 It could be concluded that using poultry litter in the ration of growing calves at 
the level of 25% of DM basis led to an increase in the concentration of heavy metals 
in blood and seminal plasma and accumulation of these elements in body tissues 
causing abnormal histological structure. The results indicated that poultry litter 
should not exceed 12.5% on DM basis of the ration. 
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Fig. 7. Paraffin section in testis of calves fed R1 showing somniferous tubules 
(arrow), contain spermatogonia (1), lry spermatocytes (2) and spermatid (3).  (H 
& E stain, x: 100) 
 

 
Fig. 8. Paraffin section in testis of calves fed R2 and R3 showing signs of 
degeneration and necrosis of somniferous tubules. (arrow). (PAs Tech. x: 100) 
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تراآم بعض العناصر الثقيلة والمظاهر الهستولوجية ألنسجة الجسم فى العجول الفريزيان 
  على فرشة الدواجن وسيالج الذرةالنامية المغذاة

 
، منى عبد 1، جمـال حسنى عبـد اهللا غـانم1، رجب محمد أبوعيانة1حامد محمد عبـد المجيد جعـفر

 2لفتاح علىا
 
 آلية الطب البيطرى بكفرالشيخ، -2 معهد بحوث اإلنتاج الحيوانى، مرآز البحوث الزراعية، الدقى، الجيزة، -1

 جامعة طنطا
 

سة تأثير التغذية  شهور لدرا0.19 ± 9 آجم وعمر 2.50 ±187 عجل فريزيان متوسط وزنها 18استخدم  
على عالئق محتوية على مستويات مختلفة من فرشة الدواجن وسيالج الذرة على تراآم بعض العناصر الثقيلة 

وزعت )  فى آل مجموعة6( قسمت هذه العجول إلى ثالثة مجموعات 0والمظاهر الهستولوجية ألنسجة الجسم
 -:عشوائيا على العالئق التالية

 .قش أرز% 20+ دريس برسيم % 15+ مخلوط علف مرآز % 65): ةالمقارن(العليقة األولى 
 .سيالج ذرة% 75+ حبوب ذرة مجروشة  % 12.5+ فرشة دواجن  % 12.5: العليقة الثانية
 .سيالج ذرة % 50+ حبوب ذرة مجروشة  % 25+ فرشة دواجن  % 25: العليقة الثالثة

لرصاص فى فرشة الدواجن بالمقارنة بمواد العلف تشير النتائج إلى ارتفاع محتوى النحاس والكادميوم وا 
آذلك ارتفاع محتوى النحاس والكادميوم والرصاص فى العالئق التجريبية والمأآول منها مع . األخرى المختبرة

 .زيادة مستوى فرشة الدواجن مع نقص مستوى سيالج الذرة
لمنوى وتراآمها فى العضالت زيادة ترآيز النحاس والكادميوم والرصاص فى بالزما الدم والسائل ا

زيادة ترآيز النحاس . مع زيادة مستوى فرشة الدواجن) 0.05على مستوى (والكبد والكليتين والخصيتين معنويا 
والكادميوم والرصاص فى بالزما الدم والسائل المنوى وتراآمها فى العضالت والكبد والكليتين والخصيتين فى 

 .عن الحدود الطبيعية) فرشة دواجن% 25المحتوية على (ثة العجول المغذاة على العليقة الثال
أظهرت العجول المغذاة على العليقتين األولى و الثانية مظاهر هستولوجية طبيعية ألنسجة 

بينما أظهرت العجول المغذاة على العليقة الثالثة تلف وتضخم ونخر الخاليا الكبدية وتسلل الخاليا .الجسم
الكبدية وآذلك تؤدى إلى فقد تناسق الحبيبات والتفاف األنابيب ورشح الخاليا الليمفاوية فى الليمفاوية بين الخاليا 

الكليتين باإلضافة إلى ذلك تحلل ونخر الحويصالت والقنوات المنوية وخلوها من الحيوانات المنوية فى 
 .الخصيتين

 المادة الجافة فى عالئق على أساس% 25نستخلص من هذه الدراسة أن استخدام فرشة الدواجن بمستوى  
العجول النامية المغذاة على سيالج الذرة تؤدى إلى زيادة ترآيز العناصر الثقيلة فى بالزما الدم والسائل المنوى 

وقد تبين من الدراسة أن فرشة . وتراآمها فى أنسجة الجسم مسببة بعض المظاهر الهستولوجية الغير طبيعية
 . فى عليقة العجول الفريزيان النامية على أساس المادة الجافة% 12.5الدواجن يجب أال تزيد عن 

 


