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ABSTRACT : The experiment was conducted to determine the effect of 

using different levels of dietary manganese on egg production and egg 

quality of two local strains: Dandarawi and Dokki4 layer hens to determine 

their manganese (Mn) requirement. 

 Two hundred and fifty six hens (23 weeks old), 128 hens for each 

strain divided into 4 groups (8 replicates/group),(4 hens/replicate). Hens 

were fed on four experimental diets : a basal diet ( without supplemental 

Mn) and three basal diets supplemented with Mn ( as manganese sulphate) 

at levels of 30,60 and 90 mg Mn/ kg diet. The experiment extended for 12 

weeks in 3 intervals, 4 weeks each. Egg production measurements and egg 

quality parameters were recorded at 4 weeks intervals. The multi-layer 

structure of the eggshell was studied using Scanning Electron Microscopy 

(SEM). 

Main results obtained can be summarized as follows: 

- Results of the overall period showed that egg production parameters for 

the two strains: Dandarawi and Dokki4 had the same trend. There were a 

significant differences between hens fed on the basal diet and all 

treatments in egg number (EN), egg weight (EW), egg mass (EM), feed 

intake (FI) and feed conversion (FC). 

- Concerning egg quality parameters it was found that shell thickness of 

both Dandarawi and Dokki4 hens had improved significantly with 

increasing manganese supplementation. 

- Results showed that both Dandarawi and Dokki4 hens fed on the basal diet 

supplemented with 90 ppm Mn gave the best shell thickness (ST). 

- The level of 90 mg Mn/kg diet was the sufficient level for egg production 

and the best shell thickness. 
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INTRODUCTION  

Minerals are the inorganic part of feeds or tissues. Manganese (Mn) 

is required in small amount in the diet (NRC, 1994). Requirements of Mn 

for poultry are higher than those of mammals (Georgievski, 1982).  

 Dietary supplementation of Mn is especially important for poultry 

because diets based on corn and soybean meal are deficient in Mn unless 

supplemented with feedstuffs rich in Mn. Cereal grains and their by-

products are vary greatly in Mn concentrations (Mertz, 1987). Corn is very 

low in Mn  (7 ppm) while, soybean meal contains 29 to 43 ppm Mn 

depending on the method of processing (NRC, 1994). 

The importance of Mn for poultry has been recognized for almost 70 

years, ever since Wilgus et al. (1986) demonstrated that Mn could prevent 

perosis in chicks. Subsequent research has shown that Mn is vital for 

growth, egg production and proper development of the chick embryo and is 

essential in the activation of numerous enzymes  

(Underwood, 1977). 

Manganese supplementation is especially important in avian species 

because dietary Mn is relatively inefficient in birds (Turk et al., 1982). 

Georgievski and Zharova, 1973 recommended 30-35 mg Mn/kg feed to 

ensure high (70-80%) egg yield, and for the highest quality of egg shell, 

they recomended55-60 mg Mn/kg feed. While, Zamani et al. (2005) found 

that Mn levels and age of birds had no effect on productive performance of 

laying hens. Addition of Mn, Zn and Cu in combination to laying hen diets 

increased their concentrations in egg yolk (Mabe et al., 2003). 

 Manganese has also been shown to be an essential nutrient for the 

laying hen. A deficiency in this nutrient will result in decreased egg 

production and eggshell thickness 

 (Leach and Gross, 1983). 

Concerning the variations in eggshell quality between the local 

breeds  (Fathi et al., 2007) found that Fayoumi breed had genetically not 

only better egg production and egg quality but also good ultrastructural 

formation of eggshell compared to Dandrawi breed. 

Several attempts have been carried out in Egypt to develop more 

productive poultry breeds through selective breeding. New locally improved 

breeds or strains were produced (El-Itriby and Sayed, 1966 and Abdel-

Gawad et al., (1976). 
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This study was conducted with two developed local strains "Dokki4" 

and "Dandarawi" layers with the objective of determining the Mn 

requirement for these layer hens. 

MATERIALS AND METHODS  

The present study was carried out at Seds Research Station, Beny 

Suif, Animal Production Research Institute, Agricultural Research Center, 

Egypt. The study involved one experiment designed to determine the effect 

of using three levels of dietary manganese using two local strains: local 

breed "Dandarawi" and the developed local strain "Dokki 4" 

( Fayoumi x Barred Plymouth Rocks).  

Two hundred and fifty six hens (23 weeks old),128 hens for each 

strain were used. Hens were selected from farm flocks of Dandarawi (D) 

and Dokki4 (K) to be similar in weight and distributed at random into 64 

cages (32 cage/ strain) (4 hens/cage). They were fed on four experimental 

feeds based on a basal corn-soybean meal diet. Composition and chemical 

analysis of the basal diet (T1) (without supplemental manganese) is 

presented in (Table 1). The experimental basal diet was supplemented with 

manganese (Mn) (as manganese sulphate) at levels of 30 (T2) , 60 (T3) and 

90 (T4) mg Mn/kg diet. Layer hens from each strain divided into 4 groups 

(8 replicates/ group), (4hens/ replicate). Hen groups were given the 4 

experimental diets at random and provided with feed and water ad.lib. for 

16 hours photo period. The experiment extended for 12 weeks in 3 intervals, 

4 weeks each. 

At the end of each 4 weeks interval, parameters of egg production as 

egg number (EN), egg weight, g. (EW), egg mass, g.(EM), feed intake, 

g.(FI)  and feed conversion, g. egg/ g. feed (FC) were determined. Also, 

random samples of eggs representing the four treatments for each strain, 

were taken to estimate egg quality parameters as albumin weight % (AW), 

yolk weight% (YW), shell weight % (SW), shell thickness, mm (ST), egg 

length, cm (EL), egg width, cm (EW), shape index(SI) was estimated as the 

percentage of (EW) to (EL), yolk height, mm (YH), yolk width, mm(YD) 

and yolk index (YI) was estimated as the percentage of (YH) to (YD). 

Samples were selected at random from some egg shell taken from 

Dandarwi and Dokki4 strains to investigate ultrastructural variation. These 

samples were examined using JEOL, JXA-840A scanning electron 

microscopy belonging to National Research Center, Dokki, Egypt. 

 Data obtained for egg production and egg quality were examined 

statistically using one way analysis of variance and Duncan's multiple range 
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test procedures (Duncan, 1955) within the statistical  analysis system 

(SAS,1990). 

RESULTS AND DISCUSSION 

Manganese supplementation and egg production 

 Results in Table (2)of the first experimental period (from 23 to 26 

wks old) showed that significant differences were found between (D) hens 

fed on the basal diet (T1) and all treatments in EN. Also, differences 

between T1 and (T3 and T4) in EW, EM, FI and FC were significant. 

Insignificant differences were found between T2, T3, and T4 in EW and FC. 

 Significant differences were observed between T1 and all treatments 

in EN, EM and FC during the second period (27 to 30 wks old). Also, 

significant differences were found between T1 and (T3 and T4) in EW. 

Differences between T2 , T3 and T4 in EN, EM, FI and FC were 

insignificant. 

 Significant differences between hens fed on the basal diet and all 

treatments in EN, and FC during the third period (31 to 34 wks). Significant 

differences were found between T1 and (T3 and T4) in EW, EM and FI. 

However, differences between T2, T3 and T4 in FI and FC were 

insignificant. 

 The overall egg production results showed that significant 

differences between hens fed on the basal diet and the three supplemental 

levels of Mn in EN, EW, EM, FI and FC (Table, 2).There were insignificant 

differences between hens fed on T3 and T4 in EN, EW, EM, FI and FC. 

Supplementing the basal diet with 30 ppm Mn increased significantly 

increased EN, EW and EM by 20.09, 4.66 and 25.70%, respectively, and 

improved FC by 16.39% relative to the basal diet. Values of EN, EW and 

EM increased by 31.74, 9.33 and 44.05%, respectively, and improved FC by 

21.79% relative to those of the basal diet when 60 ppm Mn was added. 

Further increase in Mn from 60 to 90 ppm increased EN, EW and EM by 

41.48, 11.00 and 57.07%, respectively, and improved FC by 27.00% relative 

to the basal diet. 

 Results showing the effect of using different levels of (Mn) on 

productive performance parameters of Dokki 4 (K) hens are shown in 

Table3. 

Significant differences were found between hens fed on the basal 

diet and all treatments in EW, FI and FC at first  experimental period. Also, 

significant differences were observed between T1 and (T3 andT4) in EN 
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and EM at first and second experimental period. Insignificant differences 

were observed between T2, T3 and T4 in EW, EM, FI and FC at the first 

experimental period. 

Significant differences were found between hens fed on the basal 

diet and the three supplemental levels of Mn in EW and FC during the 

second period. Also, differences between T1 and (T3 and T4) in EN and EM 

were significant.There were no significant differences between T2,T3 and 

T4 in EN, EW, EM and FI. 

 Significant differences were observed between hens fed on the basal 

diet and all treatments in EW and FC at the third experimental period. 

Significant differences were observed between T1 and (T3 and T4) in EN, 

EM and FI. Insignificant differences were observed between T2, T3 and T4 

in EW and FC. 

 A significant differences were found between hens fed on the basal 

diet and all treatments in EN, EW, EM, FI and FC a the overall period 

(Table, 3). Insignificant differences were found between T3 and T4 in EN, 

EW, EM, FI and FC. 

 Supplementing the basal diet with 30 ppm Mn caused an increase by 

15.09, 8.04 and 24.36%in EN, EW and EM, respectively, and improved FC 

by 13.63% relative to the basal diet. However, adding 60 ppm Mn to the 

basal diet increased EN, EW and EM by 25.00, 11.53 and 39.40%, 

respectively, and improved FC by 20.07% as compared with the basal diet. 

Supplying the basal diet with 90 ppm Mn increased EN, EW, and EM by 

35.86, 11.41 and 51.36%, respectively, and improved FC by 25.60% relative 

to those of the basal diet. 

 The results of the overall period showed that the egg production data 

for the two strains: Dandarawi (D) and Dokki4 (K) had the same trend. 

There were significant differences between hens fed on the basal diet and all 

treatments in EN, EW, EM, FI, and FC. Differences between layer hens fed 

on T3 and T4 were insignificant. 

The results concerning dietary manganese effect on productive 

performance parameters agreed with that reported by Inal et al., (2001) who 

found that 25 mg Mn/ kg in the diet is sufficient for maximum egg 

production, egg weight and feed conversion, but for optimal shell quality the 

requirement of Mn for laying hens is much higher. This may be interpreted 

based on the requirements for trace minerals are often fulfilled by 

concentrations present in conventional feed ingredients (NRC, 1994). 

However, poultry diets may require supplementation to ensure adequate 
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intake of trace minerals. Because of the interaction that occur between 

various minerals such as calcium and manganese (Mertz, 1987). Moreover, 

leach and Gross, 1983 reported that manganese deficiency in the laying hens 

result in decreased egg production. However, these results disagree with 

those of Zamani et al., (2005) who found that manganese level and age had 

no effect on productive performance. Also, Maurice and Whisenhut (1980) 

reported no significant change in egg number and egg weight when 

manganese level increased from 25 to 200 mg/kg diet. Sazzad et al., (1994) 

reported that insignificant differences in egg production, egg weight and 

feed conversion was observed when the supplement of manganese in the 

diet increased from 0 to 80 mg/kg diet. Holder and Huntley (1978) found 

that insignificant differences in egg production with a supplement of 180 mg 

Mn/kg diet. 

Manganese supplementation and egg quality: 

 The effect of using different levels of manganese on egg quality 

parameters of Dandarawi hens are presented in (Table 4). 

 Insignificant differences were observed between hens fed on the 

basal diet and all treatments in AW, YW, SW, EL, EW, SI, YD and YI 

during the first experimental period. While significant differences were 

observed between T1 and T2 in YH. Also, there were significant differences 

between T3 and T4 in SW, EL, EW and YD. Hens fed on the diet 

supplemented with 90 ppm Mn showed 7.50% significant increase in ST as 

compared to the basal diet. 

 Insignificant differences were observed between hens fed on the 

basal diet and all treatments in AW, SW, EL and EW at the second 

experimental period. Also, differences between T1 and T2 in YW and SI 

were significant. There were a significant differences between T1 and T4 in 

ST, YH and YI. Hens fed on diet supplemented with 90 ppm Mn showed a 

significant increase by 21.66% in ST as compared to the basal diet. 

 Insignificant differences were observed between hens fed on the 

basal diet and all treatments in AW, YW, EL, SI and YD at the third period. 

A significant differences were found between T1 and T4 in SW, ST, YH 

and YI. Also, a significant increase was noticed for T4 by 14.85% in ST as 

compared to the basal diet.. 

The effect of manganese supplementation on the egg quality 

parameters of Dokki4 hens is shown in (Table 5).  Insignificant differences 

were observed between hens fed on the basal diet and the all treatments in 

AW, YW, SW, EL, EW, SI, YH, YD and YI during the three experimental 
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periods.  Hens fed on the diet supplemented with 90 ppm Mn / kg diet 

recorded significantly increase by 14.04%, 12.11% and 5.61% in ST as 

compared to the basal diet for the first, second and third experimental 

period, respectively.  

 Concerning the egg traits parameters it was found that Dandrawi 

hens fed on the basal diet supplemented with 90 ppm Mn (T4) gave the best 

shell thickness (ST), 0.430 mm in the first period, 0.410 mm in the second 

period and 0.416 mm in the third period. Also, Dokki4 hens fed on the basal 

diet supplemented with 90 ppm Mn gave the best (ST) 0.463 mm in the first 

period, 0.458 mm in the second period and 0.433 mm in the third period. 

Results showed that shell thickness was improved significantly with 

increasing the supplement level of Mn . 

 These results are in agreement with Sazzad et al., (1994) who 

reported that shell thickness improved significantly when the supplement of 

manganese in the diet increased from 0 to 80 mg/ kg diet. In addition, 

Essary and Holmes (1964) reported that improved egg shell quality when 

manganese was increased from 33 to 84 mg/kg diet. Moreover, Holder and 

Huntly (1978) reported that Mn at level of 180 mg/kg diet significantly 

improved eggshell quality. Also, leach and Gross,1983 reported that 

manganese deficiency in the laying hen diets results in decreased eggshell 

thickness. Inal et al., 2001 reported that the requirement of manganese for 

laying hens is much higher for optimal eggshell quality. 

 However, Cox and Balloun (1968) found no improvement in egg 

shell quality when Mn was increased from 20 to 66 mg /kg diet. Also, 

Maurice and Whisenhut (1980) reported that increasing manganese from 25 

to 200 mg/ kg diet reduced egg breakage without any significant change in 

shell thickness or breaking strength These contradictions between results, 

my be due to differences between strains, age at which treatments were 

applied and/or type of manganese used in the different studies. 

The effect of manganese supplementation on the ultrastracture of the 

eggshell: 

Improvement of eggshell thickness was obviously found in the three 

periods of egg production as a result of supplementing the basal diet with 90 

ppm Mn for both Dandarawi and Dokki4 strains. From the 

photomicrographs of the eggshell layers by the scanning electron 

microscope (SEM), it was found that there was a positive effect on the 

thickness and density of each discriminated layer ( cuticle, palisade layer, 

mammillary layer, outer membrane and inner membrane) at this level of 

supplementation. 
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 Comparing the photomicrographs of (T4) for the third period for 

Dandarawi hens (Fig. 2) with those of the basal diet (Fig.1), Also, 

comparing the photomicrographs of (T4) of Dokki4 hens during the third 

period (Fig.4) with those of the basal diet (Fig.3) showed that Mn 

supplementation with 90 ppm resulted in more dense and thicker layers, 

which would increase breaking strength of eggs.  

 In this respect, Vantoledo et al., (1982) observed that mammillary 

knob density was lower and diameter was greater in eggs from high 

breaking strength lines of layers.     

 Extensive studies were conducted to evaluate the ultrastructural 

variations in egg shell quality among breeds and species of poultry (Bain, 

1990; Solomon, 1991; Solomon, 1999; Ruiz and Lunam, 2000; Fathi, 2001 

and Afifi et al., 2007). Salomon (1991 and 1999) suggested that the 

organization of the palisade columns is a major determinant of shell 

stiffness and therefore of shell strength. Ruiz and Lunam (2000) reported 

that shell strength is directly related to shell thickness, therefore, it is likely 

that alteration in the thickness of the palisade layer, independent of 

structural reorganization of the palisade columns could affect shell strength. 

The material properties of the egg shell depend on its microstructure and 

chemical composition, both of which vary through the shell thickness 

(Rodriguez-Navarro et al ., 2002 ; Nys et al., 2004 and Bain et al ., 2006).  

 

   
                     (a)                                                  (b)  

Fig .1. Eggshell photomicrograph of Dandarawi hen fed on the basal 

diet during the third period , x 1000 (a), x  150 (b). 


