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Abstract: The experimental work was carried out to define the effect of feed 

contaminated with three levels of lead acetate (Pb) (0.0, 500 and 1000 mg/kg 

diet) and three levels of feed additives (without clay or vitamin E, 3% natural 

clay and 200 mg vitamin E /kg diet) on laying hens performance and 

histological changes in the liver, kidney and intestine. 216 birds (189 hens and 

27 cocks) Mandara laying hens local strain, 40 weeks of age were used in this 

study. Hens and cocks were randomly distributed into 9 treatments, (21 hens 

and 3 cocks) in 3 replicates, each of 7 hens and one cock. 

The results indicated that feed contaminated with the lead at levels 

of 500 or 1000 mg/kg diet decreased gradually and significantly (P ≤ 0.05) 

egg production (%), egg number, egg weight (g), egg mass(g), feed 

intake(g), feed conversion (kg feed/kg egg), percentages of carcass, heart, 

fertility and hatchability during the periods from 41-44, 45-48, 49-52 and 

41-52 wks of age, while, egg weight at 49-52 wks of age was insignificant. 

The birds fed the diet polluted with lead had insignificantly higher 

percentages of spleen, kidney and liver. The addition of clay or Vit. E to the 

diets caused significantly (P ≤ 0.05) improvement of egg production (%) 

and egg number at 49-52 and 41-52 wks of age, egg mass and feed 

conversion at all periods and fertility at 40-52 wks of age, while 

insignificantly improved egg number and egg production (%) at 41-44 and 

45-48 wks of age, egg weight, feed intake(g), hatchability (%) at all periods, 

fertility (%) at (41-44, 45-48 and 49-52 wks of age), percentages of carcass, 

heart, spleen, kidney and liver as compared to without clay or vitamin E 

supplementation. Addition of clay or Vit. E to the diets without or polluted 

with lead caused significantly (P≤0.05) improvement egg number, egg 

production (%), egg mass (g), feed intake (g) feed conversion (kg feed/kg 

egg), fertility rate % at all periods. While, egg weight (g) at 41-44 and 41-

52 wks of age, hatchability % from (45-48, 49-52 and 41-52 wks of age) and 
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heart (%) showed significantly (P ≤ 0.05) increase as compared to without 

addition. On the other hand, egg weight (g) at 45-48 and 49-52 wks of age, 

hatchability (%) at 41-44 wks of age, percentages of carcass, spleen, kidney  

and liver  insignificantly improved (P ≤ 0.05) as compared without addition. 

The histological changes in the liver, kidney and intestine in the 

birds fed the diet polluted with lead at 500 or 1000 mg/kg diet, revealed 

focal replacement of the hepatic tissues and various degenerative changes 

or necrosis in the liver, nephritic changes in the tubular epithelium with 

leukocytic infiltration and focal interstitial aggregations of lymphocytes 

(kidney). Intestinal mucosa showed partial desquamation of their lining 

epithelium and great distortion of their upper third (intestine). Addition of 

clay or Vit. E with the diet polluted with lead either 500 or 1000 mg/kg diet 

showed slightly improvement in the hepatic cells and moderate 

improvement in the renal tubules of the kidney and in the intestinal mucosa 

of the intestine. 

INTRODUCTION 

The contamination of laying hen’s diets or environment with heavy 

metals remain a problem for poultry meat industry, food safety, regulatory 

agencies and consumers. According to the extensive use of lead in human 

activities e.g. industrial processes, plant protection, paint industry and 

motorengine emission, the possibilities of bird’s diet pollution become more 

evident.  

Lead is considered one of the major environmental pollutants (Jeng 

et al., 1997). Lead is a neurotoxin and commonly generates abnormal brain 

and nerve functions (Hais, 1992). Lead is one of the most toxicant known to 

cause red blood cell hemolytic through damage to the cell membrane and 

neurological and reproductive disorders (Khan et al., 1999). In addition, 

lead and cadmium also cause many serious diseases and dysfunction of 

organs. The adverse effect of lead on reproductive system and efficiency 

has been recognized by Assennato et al., (1986) and Vodela et al., (1997). 

The lead pollution may also cause deleterious effects on biochemical 

indices (Abou-Zeid et al., 2000), inhibits enzyme active (Klauder and 

Petering, 1975), semen characteristics, (El-Zaiat, 2003), fertility and 

hatchability (Ayyat et al., 2005). Khan et al. (1993) showed alterations in 

serum total protein, aspartate aminotransferase, cholesterol and alkaline 

phosphatase levels. On the other hand, addition of Zeolite (5%) reduce 

aflatoxin toxicity to growing chicks by 41% as indicated by weight gain, 

liver weight and serum biochemical measurements (Harvey et al., 1993). 
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In addition, vitamin E is a crucial lipid soluble antioxidant against 

oxidation, Vitamin E also increase the immune response in the chicken 

(Franchine et al., 1995). Vitamin E sometimes called antisterility. As 

reported by Kling and Scares (1980) in Japanese quail maintained on a low 

vitamin E in the diet for 35 weeks, a lowered incidence fertile eggs was 

shown after 20 weeks and hatchability severely depressed probably due to 

the inadequate deposition of vitamin E in the egg to support embryo growth. 

Moreover, vitamin E has a number of different biological functions. One of 

the most important functions its role as an intracellular antioxidant. Gore 

and Qureshi (1997) speculated that vitamin E prevents oxidation of 

unsaturated lipid materials within cells, thus protecting the cell membrane 

from oxidative damage. 

The present study aimed to investigate the efficacy of clay or 

vitamin E to alleviate  severity of the diet contaminated with the lead 

particularly their effects on the laying hens performance and economic 

efficiency of Mandara strain, beside histopatholigical changes in same 

organs of hens. 

MATERIALS AND METHODS 

 The present work was carried out at Inshas Poultry Research 

Station, Sharkia Province, belonging to Animal Production Research 

Institue, Agricultural Research Center, Dokki, Giza, Egypt. 

A total number of 216 Mandara strain at 40 weeks of age, was 

randomly divided into 9 treatments (21 hens and 3 cocks each). A 3 x 3 

factorial design experiment was performed including three levels of lead (as 

lead acetate trihydrate) contamination (0, 500 and 1000 mg/kg diet) and 

three levels of feed additives (without clay and vitamin E, 3% natural clay 

or 200 mg vitamin E/kg diet). Each treatment was allocated into three 

replicates each of 7 hens and one cock. Tafla is desert clay analyzed as 

soluble cations and anions (mg/100g DM soil) were Ca
++

 0.75, Mg
++

 0.25, 

N
+
 0.05, K 0.10, Cl 0.55, So4 0.30 and HCo3 0.75. Exchange cable cations 

(mg/100g DM soil) were 2.65 and available nutrients (mg/100 g DM soil) 

were P, 5.0, K, 1.2, Mn, 2.4, Zn 0.74, Cu 0.30 and Fe 0.55 mg (Marai et al., 

1996). Basal diet formulation and their calculated analysis are presented in 

Table (1). The average initial live body weight and egg production 

percentage were nearly similar at 40 weeks of age. Also, all laying hens 

were reared under the same managerial, hygienic and environmental 

conditions. The feed and water were supplied ad-libitum during the 

experimental period. Artificial light source was used, giving a total 16 hours 
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of light per day during the whole experimental period which extended for 

12 weeks from 41 to 52 weeks of age. 

Eggs were collected and weighed daily till the termination of this 

experiment. The average egg production was calculated per replicate during 

the different periods (41-44 wks, 45-48 wks, 49-52wks old) and the whole 

period (from 41 to 52 wks old). Daily feed consumption per replicate was 

estimated. Egg number, egg weight (g), percentage of egg production (egg 

weight x egg number), feed consumption (g) feed conversion ratio (g feed/g 

egg/replicate) were also recorded. 

At the end of the experiment (52 weeks of age), three birds from 

each treatment were taken around the average body weight of the treatment. 

Then after, the birds were slaughtered and carcass measurements were 

calculated as a percentage of live body weight. 

For histological studies, liver, kidney and intestines were weighed 

and then after fixed in 10% neutral buffered formalin. The section was 

stained with Haematoxyline and Eosin stains for histopathological 

examinations and the macroscopic lesions according to Durry and 

Wallington (1980). 

Fertility rate was estimated at the end of hatching period as a number 

of fertile eggs/number of eggs set. Hatchability of eggs from each 

treatments was also estimated as the ratio of number of chicks hatched to 

number of fertile eggs.  

Economic efficiency for egg production was calculated from the 

input – output analysis according to the price of the experimental diets and 

eggs produced. Values of economic efficiency were calculated as the net 

revenue per unit of total costs. Data were subject to factorial design using 

General Linear Model of SAS® software statistical analysis (SAS, 2004). 

Significant means were separated by Duncan’s New Multiple Range Test 

(Duncan, 1955). 

RESULTS AND DISCUSSION 

Lying performance: 

Egg production traits: 

Data presented in Table (2) showed the effect of diet contaminated 

with lead added with clay or Vit. E on egg number and egg production (%) 

determined as hen day (HD %).  
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Egg number or egg production percentage showed significantly 

gradually (P ≤ 0.05) decrease with increasing lead contamination in diets 

hen at all experimental periods. The differences in egg numbers and egg 

production (%) in laying hens fed the diet supplemented with clay or Vit. E 

were insignificantly higher at the periods of 41 to 44 wks and 45 to 48 wks, 

while significantly (P≤0.05) higher at 49 to 52 weeks and 41 to 52 weeks of 

age when compared to the control diet. These findings may be due to 

zeolites can adsorb toxic products of digestion and decrease accumulation 

of toxic substances in tissues, thus decreasing the incidence of internal 

disorders (Mumpton and Fishman, 1977). Moreover, there was a significant 

effect (P≤0.05) on the egg numbers and egg production (%) due to lead 

contamination and feed additives interaction, where T3 recorded the highest 

values (18.44, 18.19, 19.20 and 55.83 or 65.86, 64.95, 68.58 and 66.46%), 

whereas T7 gave the lowest egg numbers or percentage (12.67, 12.44, 12.29 

or 37.39 and 45.24, 44.42, 43.89 and 44.52 %) at the experimental periods 

from 41-44, 45-48, 49-52 and 41-52 weeks, respectively. This reduction in 

egg production was observed in chickens consumed lead at 200 mg/kg diet 

or greater (Vodela et al., 1997). These results supported by Stone and 

Soares (1974) who found a sharp decline in the rate of egg production in 

White Leghorn hens fed the diets contained 630 mg/kg diet lead oxide or 

more. However, Whisenhunt and Maurice (1981) reported that feeding hens 

on diet containing 500 mg lead/kg diet showed no significant effects on egg 

production. Meluzzi et al. (1996) reported that egg production and egg 

quality for laying hens were negatively and significantly affected by heavy 

metals (500, 100 and 2000 mg/kg diet for Cr as Crcl3, 100, 300 and 500 

mg/kg diet for Ni as Ni So4 and 20, 30 and 100 mg/kg diet for Pb as Pbo). 

Voget (1992) reported that the addition of bentonite or diatomite at levels of 

10, 20 and 40 g/kg decreased laying performance. Barreto et al. (1999) 

reported that daily egg production/hen, egg weight, egg number/ hen 

housed, viability, final female body weight and egg yolk percentage of 

broiler breeder hens were not affected by 4 and 16% P and vitamin E 25 and 

250 mg/kg diet. However, greater hatching chick weight (P < 0.01) was 

observed in those from 32 week old broiler breeder hens fed the diet 

containing 16% P and vitamin E 250 mg/kg. 

Egg weight and mass : 

The effect of treatments on egg weight are shown in Table (3). Data 

showed that the differences in egg weights were significant (P ≤ 0.05) due 

to diet contaminated with lead effects at all the experimental periods except 

at 49-52 weeks of age. However, there was no significant differences 

between the average values of egg weight due to feed additives (clay or Vit. 
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E). Moreover, the effect of interaction between lead contamination and feed 

additives on egg weight were significant (P ≤ 0.05) at 41-44 and (P ≤ 0.01) 

at 41-52 weeks of age, while there were no significant difference (P≤0.05) 

between the average values of egg weight due to lead contamination and 

feed additives interaction during the periods of 45-48 and 49-52 weeks of 

age. The average egg weight increased gradually with decreasing the lead 

contamination from 1000 to 0.0 mg/kg diet with supplemental vitamin E. 

The effect of treatments on egg mass is presented in Table (3) There 

was a significant difference in egg mass among hens fed the diet with added 

feed additives or lead contamination. Hens receiving low lead level with 

added vitamin E gained the highest egg mass, however, the high level of 

lead without additive gained the lowest egg mass. A significant difference 

was observed in the average egg mass due to interaction between lead 

contamination and feed additives. Generally, the average egg mass 

increased gradually with decreasing lead levels from 1000 to 0.0 mg/kg diet 

supplemented with vitamin E. 

The highest (P ≤ 0.05) egg weight or egg mass (53.30, 50.90, 

50.27% and 51.49 (g) or 983.57, 925.76, 965.67 and 2875.74 (g) was 

recorded by the hens in T3, while the least (49.00, 47.30, 46.50 and 47.60 

(g) or 620.76, 586.78, 572.42 and 1779.08 (g)) was obtained by the hens in  

T7 at 41-44, 45-48, 49-52 and 41-52 weeks of age, respectively, for the 

interaction effect. The increase in egg production and egg weight resulted in 

a larger increase in egg mass.  

El-Zaiat et al. (2003) reported that egg weight significantly (P ≤ 

0.01) decreased with increasing lead level from 0.0 to 1000 mg/kg diet at 

40-44 and 48-52 weeks of age. While, Whisenhunt and Maurice (1981) 

reported that hens fed on the diet containing 500 mg lead/kg diet showed no 

significant effects on egg weight. 

Feed consumption and conversion : 

Data presented in Table (4) showed the effect of treatments on the 

amount of feed intake for different experimental birds. There was a 

significant (P ≤ 0.05) effect on the amount of feed consumed (g/hen/day) 

due to lead contamination effect. Hens receiving diet without lead 

consumed significantly (P ≤ 0.05) more feed than those receiving the lead 

contamination diets (500 and 1000 mg/kg diet). No significant differences 

in feed intake due to feed additives. A significant difference was observed 

in the average feed intake were observed due to lead contamination and feed 

additives interaction. Hens in T1 recorded the highest value of feed intake 

(92.50, 97.0, 103.0 and 97.30 g/hen/day), while those in T8 gave the least 
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value (82.36, 85.50, 90.32 and 86.06 g/hen/day) for different experimental 

periods 41-44, 45-48, 49-52 and 41-52 weeks of age, respectively. 

Generally, the amount of feed consumed decreased with increasing lead 

levels and feed additives (clay or Vit. E).  

Average values of feed conversion ratio (FCR) calculated as amount 

of feed (kg) required to produce/kg of eggs are shown in Table (4). There 

were significant differences (P ≤ 0.05) among lead contamination where 

diets containing 1000 mg/kg diet recorded the poorest FCR. The diets 

without lead contamination improved FCR as compared to the diets 

contaminated with 500 or 1000 mg lead/kg. These results may be attributed 

to the different amounts of feed consumed and egg production or the 

supplemental lead to the diet which increased FCR. A significant difference 

(P ≤ 0.05) was observed in the FCR due to feed additives. The diets 

containing vitamin E or clay improved FCR, as compared to the diet 

without additives. The interactions effects between lead contamination and 

feed additives on FCR was significant (P<0.05). The best FCR values (2.63, 

2.91, 2.94 and 2.83) were recorded by the hens in T3, while the worst ones 

were obtained by hens of T7 (3.77, 4.17, 4.52 and 4.13) at the experimental 

periods 41-44, 45-48, 49-52 and 41-52, respectively. Generally, the best 

feed conversion ratio was noticed with all diets containing vitamin E or 

clay. Similarly, Edens and Melvin (1989) found that feed consumption 

decreased in laying quail fed the diet containing 500 ppm of lead. Stanchev 

(1989) reported also that the feed intake was increased by increasing the 

levels of lead acetate in broiler diets from 100 to 500 ppm of lead. 

Fertility and hatchability percentages : 

The effects of treatments on average values of fertility (%) and 

hatchability (%) are presented in Table (5). Fertility and hatchability (%) 

were significantly (P≤0.05) affected by lead contamination at all 

experimental periods, while no significant differences were detected 

between the average values of fertility and hatchability due to feed additives 

(clay or Vit. E) at all experimental periods, except during the period from 

41-52 weeks of age. The interaction effects between lead contamination and 

feed additives on fertility and hatchability were significant (P≤0.05) at all 

experimental periods, except during the period from 41-44 week of age. 

Similarly, Engelman et al. (1999) observed that feeding dosages of 20 000 

mg alpha-tocopheryl acetate/kg diet to laying hens caused decreased 

(P≤0.05) hatching rates (30.7%) compared with the control group (74.7%) 

fed a diet containing 19 mg alpha tocopherol/kg. 
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Edens et al. (1976) reported reproductive dysfunctions increasing 

significantly (P<0.01) the age of sexual maturity in Japanese quail fed lead diet 

contained 10, 100 or 1000 mg lead. The reduction in hatchability rates may be 

due to that eggs laid by hens treated with lead contained high proportion of 

source element. The egg components are the main source nutrients for the 

developing embryo and the newly hatched chicks absorb in their body 

approximately 6% of the total egg yolk. This amount of yolk is usually 

consumed during the first days of life after hatching. This might mean that lead 

will be exit in the metabolism of the developing embryo as well as due to the 

early days of the hatched chick. Abaza et al., (1996) demonstrated that the lead 

cause dysfunctions in the reproductive and physiological systems of cockerels. 

It is manifested by decrease in semen volume and relative sperm motility. The 

obtained results are in agreement with the findings of El-Zaiat (2003) and 

Ayyat et al. (2005) who showed that, fertility and hatchability significantly (P < 

0.01) decreased with increasing lead levels 250 to 500, 1000 mg/kg diet in 

laying hens. De Gennaro (1978) reported that the lead treated embryos failed to 

be hatched and the embryos died before 21 days of incubation. Vodela et al. 

(1997) indicated also, that the broilers drinking water containing 6-7 mg lead 

significantly increased the embryonic mortality (68.84%) compared with the 

control birds (16.16%). El-Zaiat (2003) and Ayyat et al. (2005) found an 

increase in fertility and hatchability by the clay or vitamin E additives feed in 

laying hen diets toxicity by lead at levels of 250, 500 and 1000 mg/kg diet. 

Generally, supplementation of birds diets with natural clay improved 

fertility and hatchability this may be due to activation of the immune system 

and production of lymphocytes which produce antibodies, in addition to 

retard the absorption of toxic products of digestion that reduced toxicity of 

lead and toxic diminish their harmful respect (Ayyat et al., 1997). Its ability 

to reduce the harmful effects of pesticide organ phosphorus, (Youssef and 

Mari, 1995). 

Slaughter  examination : 

Data presented in Table (6) showed that a significant decrease (P ≤ 

0.05) in carcass (%) and heart (%) in hens fed diet contaminated with lead at 

500 or/1000 mg lead/kg diet compared to without lead contamination diet. 

However, no significant differences were observed in spleen (%), kidney 

(%) and liver (%)due to lead contamination. Similarly,  no significant 

differences in the percentages of each of carcass,  heart, spleen, kidney  and 

liver  were observed due to feed additives effects (clay or Vit. E). The 

interaction effect between lead contamination and feed additives on the 

percentages of each of carcass, spleen, kidney  and liver were not 

significant, while a significant (P≤0.05) differences in heart (%). These 
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results are in agreement with those of El-Zaiat (2003) who found that  

carcass and liver weight (%) decreased with increasing lead level in cocks 

diet at 52 weeks of age. Attia et al. (2005) reported that carcass and heart 

weights were significantly decreased with increasing lead levels in the diets 

of laying hens at 52 weeks of age. Fathi et al. (1999) found that the decrease 

in carcass yield was due to increase in level dietary lead. 

Histological changes: 

Liver: (0.0 mg lead/kg diets) 

The hepatic parenchyma was apparently normal Fig. (1). 

Liver: (500 mg lead/kg diets) 

Focal replacement of the hepatic tissues by numerous extra rested 

erythrocytes (focal haemorrhages) and the surrounding hepatic cells 

suffered from various degenerative changes or necrosis Fig (2). The portal 

areas showed numerous leukocyte infiltration mainly lymphocytes beside 

bile duce proliferation.  

Liver: (1000 mg lead/kg diets) 

Focal areas of coagulative necrosis accompanied with multiple 

leukocyte aggregation and congestions were common (Fig. 3). Portal areas 

showed hyalinized portal vein wall, numerous leukocytes aggregations 

beside scattered apoptotic bodies.  

Liver: (0.0 mg lead + 3% clay/kg diet) 

The hepatic cells appeared vacuolated with apparently normal portal 

area and hyperplasic kuffer cells (Fig. 4). 

Liver: (500 mg lead + 3% clay/kg diet) 

The hepatic cells suffered from various degenerative changes varied 

from vacuolar and hydropic degeneration with dilated hepatic sinusoids 

(Fig. 5). 

Liver: (1000 mg lead + 3% clay/kg diet) 

Focal necrosis or degeneration of the hepatic cells with hyalinized 

wall of hepatic arteriole could be seen (Fig. 6). Individual scattered 

apoptotic bodies could be seen. 
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Liver: (0.0 mg lead + 200 mg vit. E/kg diet) 

Portal and interstitial leukocyte aggregations mainly lymphocytes 

with normal hepatic cells and portal areas were the common microscopic 

picture (Fig. 7). 

Liver: (500 mg lead + 200 mg vit. E/kg diet) 

The hepatic cells were slightly swollen with congestion of central 

vein and hepatic sinusoids side (Fig. 8). 

Liver: (1000 mg lead + 200 mg vit. E/kg diet) 

The hepatic parenchyma was focally replaced with round cells with 

degeneration in the surrounding hepatic cells beside hyperplastic kuffers 

cells (Fig. 9). 

Kidney: (0.0 mg lead/kg diet) 

The renal parenchyma was apparently normal (Fig. 10). 

Kidneys: (500 mg lead/kg diet) 

Nephrotic changes in the tubular epithelium with leukocyte 

infiltration mainly lymphocytes in the interstitial tissue and hemorrhagic 

areas were encountered (Fig. 11). 

Kidneys: (1000 mg lead/kg diet). 

Server destruction of kidney tissues with interstitial hemorrhages 

and fibroblastic proliferation could be seen Fig (12). The remaining renal 

tubules exhibited hydropic degeneration or pressure atrophy of their 

epitheliums. 

Kidneys: (0.0 mg lead + 3% clay/kg diet). 

Inter-renal capillaries were congested with interstitial hemorrhages 

and leukocyte aggregations mainly lymphocytes and macrophages were 

seen (Fig. 13). 

Kidneys: (500 mg lead + 3% clay/kg diet). 

The renal tubules showed nephrosis in their lining epithelium (Fig. 14).  

Kidneys: (1000 mg lead + 3% clay/kg diet). 

Severe congestion of renal blood vessels and interstitial leukocyte 

aggregations mainly lymphocytes severe degeneration is some renal tubules 

were common (Fig. 15). 
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Kidneys: (0.0 mg lead + 200 mg vit. E/kg diet). 

The renal blood vessels were congested and a few cellular casts 

could be seen inside the Lumina of some renal tubules (Fig. 16). 

Kidneys: (500 mg lead + 200 mg vit. E/kg diet). 

The lining epithelial cells of some renal tubules had degenerative or 

necrotic changes beside contraction of some glomenlar tufts (Fig. 17). 

Kidneys: (1000 mg lead + 200 mg vit. E/kg diet). 

Necrosis of renal tubules with replacement with mononuclear cells 

mainly lymphocytes and histiocytes could be seen (Fig. 18). 

Intestine: (0.0 mg lead /kg diet). 

All the intestinal coats apparently normal (Fig. 19). 

Intestine: (500 mg lead /kg diet). 

The intestinal mucosa showed partial desquamation of their lining 

epithelium and great distortion of the upper third of the mucosa. Moreover, 

leukocyte infiltration could be seen (Fig. 20). 

Intestine: (1000 mg lead /kg diet). 

Partial or complete desquamations of villous epithelium beside 

intense leukocyte infiltration in both mucosa and submucosa and edematous 

muscular coat were common (Fig. 21).  

Intestine: (0.0 mg lead + 3% clay /kg diet). 

The intestinal villi appeared taller with partial sloughing of their 

villous epithelium and thickened lamina propria with lymphocytes were 

seen (Fig. 22). Intestinal glands showed metaplasia to goblete cells. 

Intestine: (500 mg lead + 3% clay /kg diet). 

Some intestinal glands in submucosa revealed partial necrosis of 

their lining epithelum with per glandular fibroblastic proliferation beside 

goblet cell metaplasia to some glands (Fig. 23). 

Intestine: (1000 mg lead + 3% clay /kg diet). 

Intestine replacement of some glands in submucosa with leukocytes 

mainly lymphocytes (Fig. 24). The epithelial lining of intestinal villi was 

destructed. Edema could be seen between muscle fibers in tunica 

muscularis. 
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Intestine : (0.0 mg lead + 200 mg vit. /kg diet). 

The intestinal villi revealed mild thickening of lamina propria due to 

edema and infiltration by lymphocytes (Fig. 25).  

Intestine : (500 mg lead + 200 mg vit. /kg diet). 

Moderate thickening of intestinal villi with leukocytes, edema and 

fibroblasts were evident (Fig. 26). The surface epithelium showed partial or 

completed dequamation. 

Intestine : (1000 mg lead + 200 mg vit. /kg diet). 

Chronic chatarrhal enteritis characterized by local replacement of 

some glands with lymphocytes with mild pariglandular fibrosis (Fig. 27). 

The chronic inflammatory reaction usually seen in mucosa and submucosa 

and partially extended to the muscular coat.Economic efficiency : 

The economic efficiency and money return per hen fed the different 

formulated diets are summarized in Table 7. The net revenue and economic 

efficiency values ranged between 2.80-8.04 and 0.272-0.699, respectively. 

The lowest values were recorded for the hens in T7, while the highest 

values were listed for the hens in T3 for the interaction effect. 

In conclusion, birds fed diets contaminated with lead deleteriously 

affected laying hens performance and economic efficiency. Natural clay and 

vitamin E addition to the polluted birds diets with lead reduce the lead 

toxicity by reducing lead absorption in the intestinal tract and increasing 

fecal excretion. It could be recommended that addition of clay or vitamin E 

to the polluted bird diets with the lead improved the productive efficiency 

and histological changes in the liver, kidney and intestinal tissues. 
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Fig. (1) : Liver of chicken received 0.0 mg 

lead/kg diet showing apparently normal 

hepatic parenchyma (H & E x 120). 

 
Fig. (2) : Liver of chicken received 500 mg 

lead/kg diet showing focal haemorrhages in 

the hepatic parenchyma (H & E x 120). 

 
Fig. (3): Liver of chicken received 1000 mg 

lead/kg diet showing focal necrosis with 

multiple leukocyte aggregations (H & E x 

120). 

 
Fig. (4) : Liver of chicken received 0.0 mg 

lead + 3% clay/kg diet showing vacuolated 

hepatic cells and hyperplastic Kuffer’s cells 

(H & E x 300). 

 
Fig. (5) : Liver of chicken received 500 mg 

lead + 3% clay/kg diet showing degenerative 

changes in the hepatic cells (H & E x 150). 

 
Fig. (6): Liver of chicken received 1000 mg 

lead + 3% clay/kg diet showing focal 

necrosis of hepatocytes with hyalinized wall 

of hepatic arterioles. (H & E x 150). 
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Fig. (7) : Liver of chicken received 0.0 mg 

lead + 200 mg vit. E/kg diet showing portal 

and interstitial leukocytic aggregations (H & 

E x 120). 

 
Fig. (8) : Liver of chicken received 500 mg 

lead + 200 mg vit. E/kg diet showing slightly 

swollen hepatic cells and dialted central vein. 

(H & E x 80). 

 

 
Fig. (9) : Liver of chicken received 1000 mg 

lead + 200 mg vit. E/kg diet showing focal 

replacement of hepatic parenchyma with 

round cells. (H & E x 150). 

 
Fig. (10) : Kidney of chicken received 0.0 mg 

lead/kg diet showing apparently normal renal 

parenchyma (H & E x 120). 

 
Fig. (11) : Kidney of chicken received 500 

mg lead/kg diet showing haemowhages and 

leukocytic infiltration. (H & E x 120). 

 

 
Fig. (12) : Kidney of chicken received 1000 

mg lead/kg diet showing haemowhages and 

fibroblastic proliferation in renal tissues. (H & 

E x 300). 
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Fig. (13) : Kidney of chicken received 0.0 

mg lead + 3% clay/kg diet showing 

congested capillaries with interstitial 

lymphocytic infiltration. (H & E x 300). 

 

 
Fig. (14) : Kidney of chicken received 500 mg 

lead + 3% clay/kg diet showing nephrosis in 

some renal tubules (H & E x 150). 

 
Fig. (15) : Kidney of chicken received 1000 

mg lead + 3% clay/kg diet showing 

congestion with interstitial leukocytic 

aggregation. (H & E x 80). 

 
Fig. (16) : Kidney of chicken received 0.0 mg 

lead + 200 mg vit. E showing congested renal 

blood vessels and a few cellular casts (H & E 

x 120). 

 

 
Fig. (17) : Kidney of chicken received 500 

mg lead + 200 mg vit. E showing 

degenerative or necrotic changes in some 

renal tubules (H & E x 80). 

 
Fig. (18) : Kidney of chicken received 1000 

mg lead + 200 mg vit. E showing necrosis 

and replacement with mononuclear cells (H 

& E x 150). 
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Fig. (19) : Intestine of chicken received 0.0 

mg lead/kg diet showing apparently normal 

intestinal coats (H & E x 120). 

 
Fig. (20) : Intestine of chicken received 500 

mg lead/kg diet showing partial 

desquamation with distorded mucosa. (H & E 

x 120). 

 
Fig. (21) : Intestine of chicken received 1000 

mg lead/kg diet showing partial 

desquamation of villous epithelium. (H & E x 

120). 

 

 

 
Fig. (22) : Intestine of chicken received 0.0 

mg lead + 3% clay/kg diet showing sloughing 

of villous epithelium and thickened lamina 

propria. (H & E x 300). 

 
Fig. (23) : Intestine of chicken received 500 

mg lead + 3% clay/kg diet showing partial 

necrosis of some intestinal glands or 

metaplasia to goblet cells. (H & E x 120). 

 

 

 
Fig. (24) : Intestine of chicken received 1000 

mg lead + 3% clay/kg diet showing 

replacement of some glands with leukocytes. 

(H & E x 120). 
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Fig. (25) : Intestine of chicken received 

0.0 mg lead + 200 mg vit. E/kg diet 

showing mild thickening of lamina 

propria. (H & E x 80). 

 

 

 
Fig. (26) : Intestine of chicken 

received 500 mg lead + 200 mg vit. 

E/kg diet showing moderate thickening 

of intestinal villi by leukocytes (H & E 

x 120 

 
Fig. (27) : Intestine of chicken received 

1000 mg lead + 200 mg vit. E/kg diet 

showing chronic catarrhal enteritis (H & E 

x 120). 
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Table (1): Compositions and calculated analysis of the experimental diet 

Ingredients % 

Yellow corn 66.55 

Extracted soybean meal, 

44% 

18.00 

Wheat bran 5.80 

Limestone 6.76 

Bone meal 2.20 

Premix* 0.30 

Sodium chloride 0.30 

Methionine 0.09 

Total 100.00 

Calculated nutrients content according to NRC (1994) 

ME, Kcal/ kg 2709 

CP 14.54 

Methionine + Cystine 0.58 

Lysine 0.69 

Calcium 3.30 

Available phosphorus 0.33 

Total phosphorus 0.63 

*Vitamins and minerals premix at 0.3% of the diet supplies the following per kg of the diets 

Vit. A : 12000 IU ; Vit. D : 2000 IU; Vit. E : 40 mg; Vit. K3 : 4 mg ; Vit. B1 : 3 mg ; Vit. B2 : 

6 mg Vit. B6 : 4 m; Vit. B12 : 0.3 mg; Niacin : 30 mg ; Ca pantothenate : 12 mg, Folic acid : 

1.5 ; Biotin : 0.08 mg ; Choline chloride : 50%, 700 mg ; Mn : 10 mg ; Cu : 10 mg; Fe : 40 mg 

; Zn : 70 mg ; Se :  0.2 mg ; I : 1.5 mg ; Co : 0.25 . 
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Table (6): Carcass characteristics of Mandara hens as affected by lead 

contamination and their amelioration at the end of the 

experiment. 

Treatments Carcass (%) Heart (%) Spleen (%) Kidney (%) Liver (%) 

Lead level (mg/kg  diet) * * NS NS NS 

0 68.35+0.34a 0.40+0.02b 0.12+0.01 0.58+0.04 2.36+0.09 

500 66.74+0.64ab 0.42+0.03b 0.12+0.01 0.67+0.03 2.65+0.17 

1000 66.17+0.84b 0.48+0.02a 0.15+0.01 0.67+0.05 2.67+0.15 

Feed additives  NS NS NS NS NS 

Without  66.19+0.88 0.44+0.02 0.12+0.01 0.67+0.04 2.66+0.14 

Clay (3%)/diet 68.05+0.46 0.40+0.02 0.12+0.01 0.65+0.04 2.54+0.19 

Vitamin E (200mg/kg diet) 67.02+0.59 0.45+0.02 0.14+0.01 0.65+0.04 2.48+0.10 

Interaction NS * NS NS NS 

T1 0.0 68.58+0.19 0.42+0.02ab 0.11+0.02 0.56+0.10 2.21+0.18 

T2 0.0+ Clay 68.70+0.76 0.39+0.05ab 0.11+0.01 0.51+0.04 2.38+0.18 

T3 0.0+vit. E 67.75+0.69 0.39+0.03ab 0.14+0.02 0.67+0.05 2.48+0.07 

T4 500 mg lead 66.00+0.84 0.41+0.06ab 0.14+0.01 0.67+0.06 2.82+0.15 

T5 500+ Clay 68.05+0.61 0.34+0.02b 0.09+0.02 0.62+0.04 2.58+0.45 

T6 500+vit. E 66.19+1.59 0.50+0.03a 0.13+0.03 0.72+0.07 2.55+0.31 

T7 1000 mg lead 63.99+1.79 0.49+0.04a 0.13+0.03 0.78+0.08 2.94+0.12 

T8 1000+ clay 67.39+1.07 0.46+0.02a 0.16+0.01 0.68+0.10 2.66+0.40 

T9 1000+ vit. E 67.13+0.76 0.48+0.02a 0.15+0.01 0.54+0.06 2.41+0.09 

a, b, .. and d= means bearing different letter in each classification, are 

significantly ( P<0.05) different  

NS : Not significant 
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