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Abstract

This experiment was ported to establish the influence of different Mn and Zn sources, 

known as enzymatic activators, on egg production and eggshell quality, in a critical period 

of laying curb, when economical loses are due to poor eggshell quality. To prove the 

implication and importance of Zn and of the carbonic anhydrase in uterus activity and 

eggshell formation, one of the experimental groups was treated with an inhibitor substance, 

acetazolamide.

The results of the experiment indicate that the supplementation of laying hen’s diet with 

Mn and Zn has improved eggshell parameters. The most performing values were obtained 

when diets were supplemented with organic sources of Mn and Zn: compared to control 

group, at this experimental group the eggshell weight was superior with 0.189g, shell 

thickness with 0.200 mm, shell deformation with 0.079 mm and eggshell strength with 

64.45g.
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Introduction

Feeding was and remains a basic instrument for the improvement of the external 

component of the eggs. More attention was paid lately to the involvement of 

minerals in the process of egg shell formation. The investigations (Klecker, 1997; 

Gomez-Basauri, 1998; Miles, 1998; Scheideler and Ceylan, 1999; Klecker, 1999) focused 

mainly on trace elements (manganese and zinc) role and supply in egg shell and 

membrane formation. These two elements are involved in the enzymatic activity at 

the uterus level, responsible for the formation of carbohydrates, on the one hand, 

and for the formation of proteinmucopolysaccharides, on the other side, that is of 

the shell membranes, level at which calcification starts. The in vitro studies of the 

past decade (Gautron, 1995; 1996; Fraser, 1998; Fernandez, Arias, 1999) revealed the 

importance of zinc supplementation to activate the carbon anhydrase, enzyme 

responsible for the formation of bicarbonate ions, starting from water and carbon 

dioxide, therefore for the egg shell formation. 

By their research, Scheideler and Ceylan (1999) showed that zinc, particularly under 

the organic form, is associated to the increased activity of the carbon anhydrase, 

while the presence of manganese has an activator effect on the alkali phosphatase.
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The manganese sulphate, manganese oxide, zinc sulphate and zinc oxide are 

usually used in layer feeding. Although inorganic sources provide a high degree of 

trace elements utilization, the organic sources seem to have a higher bioavailablity 

(Stoica, 2001 and 2005). 

This experiment aimed to assess the effect of various sources of manganese and 

zinc, therefore of enzymatic activators, on egg production and on egg shell quality, 

during a period of the laying cycle when egg shell quality decreases, which entails 

important economic loses. In order to show the importance of zinc and of the 

carbon anhydrase in egg shell formation, therefore the importance of dietary zinc 

supplements, the layers of one experimental group have been treated with an 

inhibitor of the enzymatic activity in the uterus, acetazolamide.

Material and method

The experiments were conducted on Roso-SL 2000 layers aged 48-51 weeks, 

assigned to 4 groups, and they allowed us to determine the laying percentage, the 

compound feed intake per layer, per egg and per kg egg and also to conduct 

measurements for egg shell quality.

The experiments investigated the effect of the dietary enzymatic activator, the 

optimal amount of activator and a classification of the used activators according to 

their effect on the egg shell quality; the experiments also investigated the effect of 

inhibiting the activity of the carbon anhydrase. The physical, mechanic and 

chemical parameters of the egg shells were assayed and correlations were made 

between the level of egg shell minerals, from the diet and from the mineral 

supplement, as well as from the blood during several moments of egg formation.

The experimental groups were fed on 21-5 type compound feed whose vitamin-

mineral supplement was provided mainly by PVM A5, 1%. Each group received a 

different level of manganese and zinc through mineral or organic supplement. The 

layers had free access to the water and feed.

The manganese and zinc were supplied in the compound feed for the control 

group through the vitamin-mineral premix A5, which contains 30 mg Mn and 40 

mg Zn/kg. 

Eggshell 49 was used as enzymatic activator for group E I. This product contains 

manganese and zinc proteinate, 4.5 mg Mn and 7.5 mg Zn/kg. The dose was 1 kg 

Eggshell 49 per ton, the total amount received by the experimental group being thus

34.5 mg Mn and 47.5 mg Zn/kg compound feed. 

Group E II received a normal dietary level of manganese and zinc supplied 

through the vitamin-mineral premix A5, but it was treated during egg shell 

formation with an enzymatic inhibitor, acetazolamide, monitoring its effect, 

namely egg shell quality and the number of eggs removed from consumption due 

to egg shell flaws. Acetazolamide is a diuretic that causes a massive elimination of 



Archiva Zootechnica vol. 8, 2005 95

bicarbonates in the kidney. The dose was 15mg/kg LW (per os), the commercial 

product being Diamox 250 mg.

Group E III received a supplement of mineral zinc amounting to 26.7 g/ton of 

compound feed, that is 10 mg Zn/kg compound feed, zinc representing therefore 

50 mg/kg compound feed.

The eggs from the experimental groups were harvested for 4 consecutive days 

during week 51 of the test and the egg shell was studied for its external features 

and mechanic resistance. Chemical analyses of the egg shell were correlated with 

the serum mineral level. Egg shell resistance to breaking through pressure with an 

instrument developed by the teachers from USAMV Department of Material 

resistance, Faculty of Environmental Engineering. The method allows to determine 

egg shell deformation (mm) under a given weight, the moment when the first crack 

appears and the weight at breaking.

Results and discussion

Table 1 shows that no significant differences were noticed between groups in 

respect of the laying percentage and compound feed intake. Differences were 

noticed, however, in the external look of the egg and in the number of eggs with 

shell flaws. Thus, in week 51, 13% of the eggs from group C, 4.35% from group E I 

(Eggshell 49) and 91.30% from group E II (acetazolamide) had shell flaws. The 

proportion was 8.70% in the group treated with zinc sulphate. Soft shell, cracked 

shell, thin shell or even shell-less eggs were produced by the layer from group E II.

Table 1 Laying percentage and compound feed intake in week 51

C E I E II E III

Layer number 10 10 10 10

Laying percentage % 82.14% 84.20% 78.60% 82.86%

Total egg production (pcs.) 57 59 55 58

Of which:

eggs with flawless shell (%)

eggs with cracked shell (%)

eggs with soft shell (%)

shell-less eggs (%)

eggs with broken shell (%)

86.95

8.70

-

-

4.35

95.65

4.35

-

-

-

8.70

13.04

4.35

52.17

21.73

91.30

8.70

-

-

-

Compound feed intake:

g/layer/day

g/egg

115.0

140.0

114.8

139.7

114.2

139.1

115.0

140.0

Concerning egg shell weight, a + 0,1891g increase, that is 3.66 %, was observed in 

group E I compared to the control group, while the increase was +0.0689g, that is 

1.33% (Table 2) for group E III treated with zinc sulphate. Egg shell weight 
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decreased in the layers from group E II (enzymatic inhibitor), being 3.1132 g, that is 

just 5.90% from the egg weight, compared to the control group in which the shell 

accounted for 8.83% from the egg weight. Serum calcium and phosphorus levels 

did not differ significantly in group E II compared to groups E I and E III (Table 3). 

However, the shell chemical analyses showed that in group calcium was less 

mobilised in the shell from E II, the shell calcium being 1.09 g, compared to 1.90 g 

in the control group (Table 4). The lower shell weight in group E II was due to a 

poorer retention of macro and trace minerals.

Egg shell thickness decreased significantly in group E II compared to group C (by 

0.114 mm) while it increased by 0.020 mm in group E I and by 0.014 mm in group E 

III. Figure 1 shows the average shell thickness.

Table 2 shows that group E I produced eggs with the highest shell resistance, the 

parameters for mechanic deformation being 0.206 mm and 2232.33 g. This 

parameter increased in group E III compared to the control group (by 0.072 mm), 

while the weight at breaking was 2179.32 g. Group E II displayed low values for 

deformation and weight at breaking, 0.047 mm and 1162.00 g. Figures 2 and 3 

show graphically these differences.

Table 2 Average value of egg shell quality parameters on week 51

Group n

Egg 

weight

Shell 

weight

Shell 

density

Shell 

index

Shell 

thickness 

Shell 

deformation

Weight at 

breaking

Significance of 

differences t Student

(g) (g) (mg/cm
3

) (mm) (mm) (g)

Shell 

thickness

Weight at 

breaking

M 20 58.53+

0.073

5.1541 +

0.012

73.20 +

0.168

7.2 +

0.020

0.307 +

0.001

0.127 +

0.001

2167.88+

29.58

E I 20 59.01+

0.175

5.3432 +

0.012

75.48 +

0.168

7.5 +

0.020

0.327 +

0.001

0.206 +

0.002

2232.33+

15.318

E II 20 51.97 +

0.049

3.1132 +

0.019

47.87 +

0.293

4.7 +

0.030

0.193 +

0.001

0.047 +

0.002

1162.00+

29.62

E III 20 58.70 +

0.042

5.2230 +

0.008

73.95 +

0.135

7.3 +

0.015

0.320 +

0.002

0.199 +

0.001

2179.32+

31.544

   S   FS   S     S      FS

       NS

NS = not significant (P 

Table 3 Serum Ca and P in week 51 during the period of egg shell formation

Ca P

Group n mg/100 ml 

serum

Significance of 

differences t Student

mg/100 ml 

serum

Significance of 

differences t Student

C 10 26.72 5.95

E I 10 27.56 6.05

E II 10 25.90 5.90

E III 10 28.28

  NS       NS        NS

6.08

   NS       NS         NS

NS = not significant (P 
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Table 4 Egg shell minerals in week 51

Group n

Egg 

weight (g)

Shell 

weight (g)

g Ca in 

shell

Ca g % P mg %

%

Sign. of 

difference in 

Ca level

M 15 58,53 5,1541 1,90 36,92 0,13 5,70 1,08

E I 15 59,01 5,3432 2,09 39,16 0,14 6,04 1,14

E II 15 51,97 3,113 1,09 35,18 0,10 5,02 1,03

E III 15 58,70 5,223 1,97 37,76 0,12 5,90 1,08

 NS   FS  NS

NS = not significant (P 

Conclusions

1. The supply of additional manganese and zinc supplements through 

Eggshell 49, improved the egg shell quality compared to the control group, egg 

shell weight increasing by + 0.1891g, shell thickness by + 0.020 mm, shell 

deformation by + 0.079 mm and the resistance to breaking by + 64.45 g. 

2. The inhibition of carbon anhydrase activity with acetazolamide 

(Diamox) in group E II, under the conditions of a normal dietary supply of calcium 

and zinc produced shell-less eggs (52.17%) and thin shell eggs (average thickness 

0.193 mm). Egg shell weight averaged 3.152 g, while the highest deformation at 

compression was 0.047 mm in average. Egg shell thickness influenced the 

resistance to breaking, which was 1162.00 g in average.

3. Compound feed supplementation by 10 ppm Zn, supplied through zinc 

sulphate allowed, by the involvement of this element in the enzymatic processes in 

the uterus, an increased (by 2.27% compared to group C) egg shell calcium 

retention. Egg shell thickness increased by 0.014 mm.

4. Egg shell quality parameters improved more when organic manganese 

and zinc supplements were supplied, compared to the inorganic supplements.

Figure 1 – Average egg shell thickness in week 51
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Figure 2 - Average values for deformation on compression in week 51

Figure 3 - Average values for weight at shell breaking in week 51 
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