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Tabale1. Ingredients and chemical composition of basal diet 

  %          Ingredient 
  61.24         Corn grain 
  21.36         Soybean meal (44% CP) 
  2.50         Sesame meal 
  1.30         Soy oil 
  2.00         Dicalcium phosphate 
  10.09         Oyster shells 
  0.24         Common Salt 
  0.15         Sodium bicarbonate 
  0.48         Dl-Methionine 
  0.14         L-Lysine HCL 
  0.25         Vitamin premix1 
  0.25         Mineral premix2 

           Calculated analysis 
  2700         ME (kcal/kg) 
  15.70         Crude protein (%) 
  4.4         Calcium (%)  
  0.50         Avilable P (%)  
  0.17         Sodium (%)  
  0.75         Methionine (%) 
  1.02         Met+Cys (%)  
  0.14         Lysin (%) 
  0.58         Threonine (%) 
  0.21         Tryptophan (%) 
  190         Dietary anion cation balance (meq/kg) 

1 Supplied vitamins per kilogram of diet: mg: A, 10000 IU, B1 2.2 mg, B2 4 mg, B3 8mg, B6 2 mg, B9 0.56 mg, B12, 
0.015mg, Cholin 200 mg.   
2 Supplied minerals per kilogram of diet: mg: Mn, 80 mg, Fe 50 mg, Cu 12 mg, Sodium Selenite 0.3 mg. 
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Table 2. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the 

performance in laying hens1 (74 to 77 weeks of age) 

FCR2  Feed intake 
(g/h/d) 

Egg mass 
(g/h/d) 

Egg 
weight (g) 

Defective 
eggs (%) 

Egg production 
(%)  

Treatments 

            Zinc  
1.98 108.62 55.18 66.76 9.72 81.94  Without zn 
2.17 108.70 51.00 66.31 7.54 77.08  ZnO 
2.09 106.67 51.71 66.67 8.63 77.48 Zn-Met 

0.1662 0.2927 0.2456 0.8445 0.6327 0.4313 P-value  
0.06 1.01 1.84 0.57 1.60 2.90 SEM 
            Butyric  acid 

2.04 107.88 53.32 66.23 10.45 80.29 0 % butyric  acid 
2.11 108.11 51.94 66.93 6.81 77.38 0.05 % butyric  acid  

0.3817 0.8484 0.5228 0.3023 0.0584  0.3921 P-value   
0.05 0.82 1.50 0.46 1.30 2.36 SEM 
            Zinc × butyric acid  

1.97b 108.09 55.06 66.77 13.09 81.74 Control  

2.00b 109.64 54.99 66.38 9.12 83.13 
Zno × 0 % butyric  
acid  

2.15ab 105.92 44.90 65.55 9.12 75.99 
Zn-Met × 0 % butyric 
 acid  

1.98b 109.14 55.29 66.75 6.34 82.14 
Without zn × 0.05 % 
butyric  acid  

2.33a 107.77 47.02 66.24 5.95 71.03 
Zno × 0.05 % butyric  
acid  

2.03b 107.42 53.52 67.80 8.13 78.96 
Zn-Met × 0.05 % 
butyric  acid  

0.0659 0.4517 0.0897 0.2670 0.4487 0.1627 P-value 
0.09 1.43 2.60 0.81 2.26 4.10 SEM 

1 Means within a column with different superscripts are significantly different (P<0.05). 
2 Feed conversion ratio was calculated as grams of feed per gram of egg mass.  
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Table 3. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the 

performance in laying hens (77 to 80 weeks of age) 

 FCR1  Feed intake 
(g/h/d) 

Egg mass 
(g/h/d) 

Egg weight 
(g) 

Defective 
eggs (%) 

Egg 
production 

(%)  
Treatments 

            Zinc 
2.28 100.39 44.97 67.24 4.96 66.86 Without zn 
2.21 101.02 46.33 67.15 4.26 69.14 ZnO 
2.17 98.85 47.09 66.88 5.25 70.43 Zn-Met 

0.7976 0.6316 0.8182 0.9283 0.7819 0.7785 P-value  
0.10 1.63 2.39 0.68 1.02 3.59 SEM 
            acidButyric   

2.20 100.59 46.47 67.32 4.49 69.11 0 % butyric  acid 
2.24 99.58 45.80 66.86 5.15 68.51 0.05 % butyric  acid  

0.7354 0.5920 0.8086 0.5726 0.5794 0.8871 P-value   
0.08 1.33 1.95 0.56 0.83 2.93 SEM 
            Zinc × butyric acid  

2.32 98.84 43.47 68.06 4.96 63.88 Control 
2.07 102.34 49.85 67.33 3.77 74.20 Zno × 0 % butyric  acid  
2.21 100.61 46.08 66.57 4.76 69.24 Zn-Met × 0 % butyric  acid  

2.23 101.93 46.47 66.42 4.96 69.84 
Without zn × 0.05 % butyric  
acid  

2.36 99.70 42.81 66.98 4.76 64.08 Zno × 0.05 % butyric  acid  
2.14 97.09 48.10 67.19 5.75 71.62 Zn-Met × 0.05 % butyric  acid  

0.3685 0.3119 0.2768 0.5144 0.9247 0.2685 P-value 
0.15 2.30 3.38 0.97 1.44 5.08 SEM 

1 Feed conversion ratio was calculated as grams of feed per gram of egg mass. 
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Table 4. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the 

performance in laying hens (80 to 83 weeks of age) 

 FCR1  Feed intake 
(g/h/d) 

Egg mass 
(g/h/d) 

Egg weight 
(g) 

Defective 
eggs (%) 

Egg production 
(%)  

Treatments  

            Zinc 
3.23 97.42 32.18 67.16 2.97 47.81 Without zn 
3.17 98.96 31.95 67.65 3.67 47.22 ZnO 
3.40 99.59 29.94 66.60 4.06 45.04 Zn-Met 

0.6966  0.5737 0.6531 0.5060 0.6980 0.7625 P-value  
0.19 1.48 1.87 0.62 0.91 2.79 SEM 
            Butyric  acid 

3.17 98.78 31.98 67.31 3.30 47.55 0 % butyric  acid 
3.36 98.53 30.73 66.96 3.83 45.83 0.05 % butyric  acid  

0.3910 0.8819 0.5684 0.6272 0.6205 0.5982 P-value   
0.15 1.21 1.53 0.51 0.74 2.28 SEM 
            Zinc × butyric acid  

2.94 98.18 33.80 68.18 2.77 49.60 Control 
2.99 97.89 33.52 67.57 3.37 49.60 Zno × 0 % butyric  acid  
3.57 100.28 28.64 66.19 3.77 43.45  Zn-Met × 0 % butyric  acid  
3.51 96.66 30.57 66.13 3.17 46.03 Without zn × 0.05 % butyric  acid  
3.36 100.03 30.38 67.73 3.96 44.84 Zno × 0.05 % butyric  acid  
3.22 98.89 30.24 67.01 4.36 46.62 Zn-Met × 0.05 % butyric  acid  

0.2207 0.6187 0.4634 0.2582 0.9961 0.5629 P-value 
0.27 2.10 2.65 0.88 1.29 3.95 SEM  

1 Feed conversion ratio was calculated as grams of feed per gram of egg mass. 
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Table 5. Comparison of the main effects and the mutual effects between butyric acid with ZnO and Zn-Met on 

the performance in laying hens (74 to 83 weeks of age) 

 FCR1  
Feed 
intake 
(g/h/d) 

Egg mass 
(g/h/d) 

Egg weight 
(g) 

Defective 
eggs (%) 

Egg 
production 

(%)  
Treatments 

            Zinc 
2.49 102.14 44.11 67.05 5.88 65.54 Without zn 
2.52 102.89 43.10 67.04 5.15 64.48 ZnO 
2.55 101.70 42.91 66.72 5.98 64.31 Zn-Met 

0.8960 0.7669 0.8441 0.8912 0.8180 0.9290 P-value  
0.09 1.16 1.56 0.55 1 2.44 SEM 
            Butyric  acid 

2.47 102.42 43.92 66.95 6.08 65.65 0 % butyric  acid 
2.57 102.07  42.00 66.92 5.26 63.91 0.05 % butyric  acid  

0.3421 0.7963 0.5469 0.9534 0.4870 0.5417 P-value   
0.07 0.95 1.27 0.45 0.81 1.99 SEM  
            Zinc × butyric acid  

2.41 101.70 44.11 67.67 6.94 65.07 Control 
2.35 103.29 46.12 67.09 5.42 68.98 Zno × 0 % butyric  acid  
2.65 102.27 41.54 66.10 5.88 62.89 Zn-Met × 0 % butyric  acid  

2.57 102.58 44.11 66.44 8.82 66 
Without zn × 0.05 % butyric  
acid  

2.68 102.50 40.07 66.98 4.89 59.98 Zno × 0.05 % butyric  acid  
2.46 101.14 44.29 67.33 6.08 65.74 Zn-Met × 0.05 % butyric  acid  

0.1398 0.8095 0.1438 0.3093 0.7091 0.2016 P-value 
0.12 1.64 2.21 0.78 1.41 3.45 SEM 

1 Feed conversion ratio was calculated as grams of feed per gram of egg mass. 
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Table 6. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the external 

quality traits of eggs1 (74 to 77 weeks of age) 
Shell ash 

(%) 
Shell specific 

gravity (g/cm3) 
Shell strength 

(g/cm2) 
Shell thickness 

(mm) 
Shell (%)  Treatments 

          Zinc 

93.09b 80.59 2.73 0.447a 9.30 Without zn 
94.36a 80.28 3.02 0.438b 9.28 ZnO 
92.52b 79.51 3.06 0.431b 9.20 Zn-Met 
0.0136 0.7597 0.3157 0.0065 0.8330 P-value  
1.05 1/05 0.16 0.003 0/12 SEM 
          Butyric  acid 

93.50 81.37a 3.01 0.441 9.44a 0 % butyric  acid 
93.15 78.88b 2.86 0.436 9.09b 0.05 % butyric  acid  
0.4824 0.0491 0.4437 0.1559 0.0201 P-value   
0.34 0.85 0.13 0.002 0.10 SEM  
          Zinc × butyric acid  

93.93ab 82.26a 2.72 0.448a 9.54a Control 
93.13bc 79.38ab 3.10 0.434ab 9.17ab Zno × 0 % butyric  acid  
93.43bc 82.48a 3.20 0.441a 9.60a Zn-Met × 0 % butyric  acid  

92.26bc 78.92ab 2.73 0.445a 9.06ab Without zn × 0.05 % butyric  
acid  

95.59a 81.18ab 2.94 0.441a 9.39a Zno × 0.05 % butyric  acid  
91.60c 76.54b 2.91 0.422b 8.81b Zn-Met × 0.05 % butyric  acid  
0.0014 0.430 0.8109 0.0193 0.0214 P-value 
0.59 1.48 0.23 0.004 0.17 SEM 

1 Means within a column with different superscripts are significantly different (P<0.05). 
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Table 7. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the external 

quality traits of eggs1 (77 to 80 weeks of age) 

Shell Ash 
(%) 

Shell specific 
gravity (g/cm3) 

Shell strength 
(g/cm2) 

Shell 
thickness 

(mm) 
Shell (%)  Treatments  

          Zinc 

92.83b 76.53 2.65 0.447a 8.87 Without zn 
94.83a 75.21 2.62 0.397b 8.67 ZnO 
94.98a 75.89 2.60 0.455a 8.81 Zn-Met 
0.0399 0.7499 0.9786 <0.0001 0.5831 P-value  
0.63 1.22 0.16 0.006 0.14 SEM 
          Butyric  acid 

95.43a 75.79 2.70 0.411b 8.75 0 % butyric  acid 
92.99b 75.97 2.55 0.455a 8.81 0.05 % butyric  acid  
0.0022 0.8976 0.4226 <0.0001 0.7122 P-value   
0.51  0.99 0.13 0.005 0.11 SEM 
          acid Zinc × butyric  

95.95a 77.12 2.69 0.442a 8.91 Control 
94.42a 76.09 2.92 0.343b 8.74 Zno × 0 % butyric  acid  
95.93a 74.15 2.49 0.448a 8.60 Zn-Met × 0 % butyric  acid  

89.71b 75.93 2.61 0.453a 8.82 
Without zn × 0.05 % butyric  
acid  

95.24a 74.34 2.32 0.451a 8.59 Zno × 0.05 % butyric  acid  
94.03a 77.64 2.72 0.462a 9.02 Zn-Met × 0.05 % butyric  acid  
0.0017 0.2654 0.2134 <0.0001 0.3201 P-value 
0.89 1.72 0.23 0.009 0.20 SEM 

1 Means within a column with different superscripts are significantly different (P<0.05). 
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Table 8. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the external 

quality traits of eggs1 (80 to 83 weeks of age) 
Shell Ash 

(%) 
Shell specific 

gravity (g/cm3) 
Shell strength 

(g/cm2) 
Shell thickness 

(mm) 
Shell (%)  Treatments 

          Zinc 

92.35b 76.11 2.57 0.422b 8.77 Without zn 
93.66a 77.31 2.88 0.439a 8.87 ZnO 
92.59b 74.05 2.67 0.430ab 8.57 Zn-Met 
0.0002 0.1815 0.3766 0.0299 0.3218 P-value  
0.20 1.22 0.15 0.004 0.13 SEM 
          Butyric  acid 

92.71 76.20 2.83 0.420b 8.80 0 % butyric  acid 
93.03 75.45 2.59 0.441a 8.67 0.05 % butyric  acid  
0.1813 0.5984 0.2021 0.0002 0.4278 P-value   
0.16 1.002 0.13 0.003 0.11 SEM 
          Zinc × butyric acid  

92.36b 76.81 2.70 0.400c 8.83 Control 
92.91b 77.26 2.06 0.436ab 8.90 Zno × 0 % butyric  acid  
92.85b 74.54 2.73 0.423b 8.67 Zn-Met × 0 % butyric  acid  

92.35b 75.42 2.44 0.444a 8.71 
Without zn × 0.05 % butyric  
acid  

94.40a 77.37 2.71 0.441ab 8.83 Zno × 0.05 % butyric  acid  
92.33b 73.56 2.61 0.437ab 8.47 Zn-Met × 0.05 % butyric  acid  
0.0043 0.9056 0.8703 0.0089 0.9443 P-value 
0.28 1.73 0.22 0.006 0.19 SEM 

1 Means within a column with different superscripts are significantly different (P<0.05).  
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Table 9. Comparison of the main effects and interactions of butyric acid with ZnO and Zn-Met on the external 

quality traits of eggs1 (74 to 83 weeks of age) 
Shell 

Ash (%) 
Shell specific 

gravity (g/cm3) 
Shell strength 

(g/cm2) 
Shell thickness 

(mm) 
Shell (%)  Treatments 

          Zinc 

92.76b 77.74 2.65 0.439a 9.98 Without zn 
94.28a 77.60 2.84 0.424b 8.94 ZnO 
93.36b 76.48 2.78 0.439a 8.86 Zn-Met 
0.0029 0.5078 0.5254 0.0002 0.6812 P-value  
0.28 0.82 0.12 0.002 0.09 SEM 
          Butyric  acid 

93.88a 77.79 2.85 0.424b 9 0 % butyric  acid 
93.06b 76.76 2.67 0.444a 8.86 0.05 % butyric  acid  
0.0189 0.2942 0.2051 <0.0001 0.2242 P-value   
0.23 0.67 0.09 0.001 0.07 SEM 
          Zinc × butyric acid  

94.08ab 78.73 2.70 0.430b 9.10 Control 
93.49bc 77.57 3.03 0.405c 8.94 Zno × 0 % butyric  acid  
94.07ab 77.06 2.81 0.438ab 8.96 Zn-Met × 0 % butyric  acid  

91.44d 76.76 2.60 0.447a 8.86 
Without zn × 0.05 % butyric  
acid  

95.07a 77.63 2.66 0.444a 8.94 Zno × 0.05 % butyric  acid  
92.65c 75.91 2.75 0.440a 8.76 Zn-Met × 0.05 % butyric  acid  

<0.0001 0.6890 0.6238 <0.0001 0.6586 P-value 
0.40 1.17 0.17 0.003 0.13  SEM 

1 Means within a column with different superscripts are significantly different (P<0.05).  
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Abstract 

The present study was carried out to investigate the effects of different forms of zinc (no zinc, ZnO  and Zn-
Met) and butyric acid on internal egg quality traits and performance in Hy-Line W36 strain laying hens using 
144 chickens from 74 to 83 weeks of age in the second phase of laying. A complete randomized block design 
with 3 × 2 factorial arrangement with six treatments, six replicates and four layers per replicate for nine weeks 
was used. Performance parameters were measured daily and quality traits were measured in three periods of age. 
The results of the experiment showed that the main effects of organic acid and three forms of zinc on egg 
production, defective eggs, egg weight, egg mass, feed conversion ratio and daily feed intake were not 
significant during the whole experiment. During the period of 74 to 77 weeks, feed conversion ratio for the 
treatment containing mineral zinc and organic acid was higher than other treatments (P<0.05) except for 
treatment containing organic zinc without organic acid. During whole period, shell thickness was higher in 
treatments containing organic zinc and acid treatments containing mineral zinc without organic acid (P<0.05). 
Crude ash content in treatments containing mineral as well as in the treatment without organic acid was higher 
than other treatments during the whole period (P<0.05). Based on the findings of this study, it can be concluded 
that the use of organic acid and zinc resulted in higher shell eggs thickness.                                                                                                                    
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