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Effects of Organic and Inorganic Manganese in Diets on Eggshell Quality
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Table 1. Effects of dietary Mn supplemental level and source on eggshell weight and shell ratio

of laying hens (48 to 55 wk of age) during 8 weeks of the treatment period

Breaking strength (N) 0 Day 2 Week 4 Week 8 Week

0 (basal diet) 36.4+1.29 35.6+1.13 36.6+£1.37 33.3+1.25
Inorganic Mn (mg/kg)

40 35.1+0.88 35.5+1.07 37.9+1.29 36.9+1.00
80 36.2+1.19 36.3+1.25 37.8+0.77 37.4+1.27
120 34.7+0.47 37.6+0.96 40.3+1.04 38.3+0.84
160 36.7+0.79 37.6+1.01 40.1+1.19 36.8+0.99

Organic Mn (mg/kg)

40 34.3+1.31 35.5+1.01 37.0£0.71 37.3+1.16
80 34.9+1.05 36.4+0.91 43.5+0.71 38.6+0.71
120 36.6+1.07 36.8+0.97 40.3+1.40 38.6+1.14
160 36.7+0.66 37.9+1.05 38.3+1.23 37.9+0.98

Regression analysis

Inorganic Mn NS NS L*Q* L*Q**
Organic Mn NS NS Q** L**Q**
Covariance analysis

Level x source NS NS NS NS
source NS NS NS NS

NS = not significant, L = linear effect, Q = quadratic effect, *P < 0.05, **P < 0.01, ***P < 0.001

Source: Zhang et al. (2017)



Table 2. Effects of dietary Mn supplemental level and source on eggshell weight and shell ratio

of laying hens (48 to 55 wk of age) during 8 weeks of the treatment period

Thickness (mm) 0 Day 2 Week 4 Week 8 Week
0 (basal diet) 0.43+0.007 0.44+0.007 0.43+0.005 0.42+0.007
Inorganic Mn (mg/kg)

40 0.43+0.009 0.45+0.006 0.45+0.004 0.44+0.005
80 0.43+0.006 0.46+0.007 0.45+0.004 0.45+0.007
120 0.43+0.006 0.46+0.005 0.46+0.004 0.46+0.007
160 0.43+0.003 0.46+0.008 0.46+0.004 0.46+0.008
Organic Mn (mg/kg)

40 0.44+0.008 0.47+0.006 0.45+0.007 0.46+0.008
80 0.44+0.008 0.45+0.009 0.46+0.004 0.46+0.007
120 0.43+0.007 0.45+0.009 0.46+0.003 0.45+0.005
160 0.43+0.008 0.45+0.007 0.46+0.006 0.45+0.007
Regression analysis

Inorganic Mn NS L*Q* [ FHxQF*X [x*xQF**
Organic Mn NS NS L**Q** L*Q**
Covariance analysis

Level x source NS NS NS NS
source NS NS NS NS

NS = not significant, L = linear effect, Q = quadratic effect, *P < 0.05, **P < 0.01, ***P < 0.001

Source: Zhang et al. (2017)
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Table 3. Effects of dietary Mn supplemental level and source on eggshell weight and shell ratio

of laying hens (48 to 55 wk of age) during 8 weeks of the treatment period

Shell ratio (%) 0 Day 2 Week 4 Week 8 Week

0 (basal diet) 9.8+0.13 10.2+0.11 10.0+0.15 10.2+0.13
Inorganic Mn (mg/kg)

40 9.9+0.11 10.3+0.20 10.1+0.11 10.4+0.09
80 9.9+0.14 10.4+0.15 10.2+0.06 10.5+0.09
120 9.9+0.11 10.3+0.12 10.2+0.06 10.5+0.09
160 10.0+£0.12 10.4+0.08 10.1+0.12 10.6+0.08

Organic Mn (mg/kg)

40 9.9+0.09 10.4+0.15 10.0+0.19 10.5+0.16
80 10.0+0.15 10.5+0.19 10.3+0.12 10.6+0.08
120 10.0+0.07 10.1+0.15 10.1+0.13 10.4+0.12
160 9.9+0.19 10.4+0.17 10.0+0.13 10.4+0.14

Regression analysis

Inorganic Mn NS NS NS L**Q**
Organic Mn NS NS NS NS
Covariance analysis

Level x source NS NS NS NS
source NS NS NS NS

NS = not significant, L = linear effect, Q = quadratic effect, *P < 0.05, **P < 0.01, ***P < 0.001

Source: Zhang et al. (2017)



Table 4. The effects of dietary Mn supplementation on layers’ eggshell quality at the end of 56

and 62 wk.
Breaking strength (N) 56 Week 58 Week 60 Week 62 Week

0 (basal diet) 38.02 353 29.90° 31.36°
Inorganic Mn (mg/kg)

25 38.95 37.86 34.82°° 32.34¢
50 38.81 37.87 35.35%° 35.28°¢
100 40.72 40.75 39.21° 38.97%°
200 38.74 37.54 37.95° 38.88%"
Organic Mn (mg/kg)

25 37.92 37.91 36.54° 37.80°°
50 38.61 39.53 39.41° 39.31%P
100 41.32 42.92 40.22° 40.41°
200 39.14 40.55 40.35° 39.24%°
SEM 0.45 0.67 0.77 0.64
P value 0.71 0.27 0.01 0.0002

*@ The means in a column with no common superscripts differ significantly (P< 0.05).

Source: Xiao et al. (2015)

Table 5. The effects of dietary Mn supplementation on layers’ eggshell quality at the end of 56

and 62 wk.
Thickness (mm) 56 Week 58 Week 60 Week 62 Week

0 (basal diet) 0.410 0.394 0.371 0.353"
Inorganic Mn (mg/kg)

25 0.411 0.400 0.383 0.362°
50 0.417 0.406 0.390 0.377°¢
100 0.405 0.410 0.392 0.399%"
200 0.409 0.414 0.396 0.395%°
Organic Mn (mg/kg)

25 0.411 0.414 0.384 0.387%"
50 0.412 0.408 0.394 0.401°
100 0.407 0.407 0.400 0.395*°
200 0.409 0.409 0.397 0.389°°
SEM 0.002 0.003 0.003 0.003
P value 0.99 0.75 0.33 0.0004

*¥ The means in a column with no common superscripts differ significantly (P< 0.05).

Source: Xiao et al. (2015)



Table 6. The effects of dietary Mn supplementation on layers’ eggshell quality at the end of 56

and 62 weeks.

Shell ratio (%) 56 Week 58 Week 60 Week 62 Week
0 (basal diet) 9.77 9.66 9.68 9.65

Inorganic Mn (mg/kg)

25 10.00 9.89 10.09 9.714
50 10.05 9.77 9.79 9.81
100 10.10 10.08 9.97 9.89
200 9.76 9.93 10.05 9.83

Organic Mn (mg/kg)

25 10.12 9.85 9.81 9.57
50 10.06 9.90 10.09 9.54
100 10.14 10.19 10.05 9.80
200 10.17 9.96 10.08 9.80
SEM 0.08 0.07 0.07 0.10
P value 0.96 0.77 0.85 0.99

Source: Xiao et al. (2015)
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Table 7. Effects of dietary Mn supplementation on eggshell mechanical properties of laying

hens (64 to 75 weeks) during 12 weeks of treatment period.

4 Week 8 Week 12 Week

Breaking strength (N)

Control 32.2+0.66° 30.9+0.39° 31.6+0.65°

Inorganic Mn (120 mg/kg) 35.8+0.27° 33.4+0.57° 34.3+0.93°

Organic Mn (80 mg/kg) 36.1+1.25° 33.3+0.82° 34.8+0.54°

P-value 0.011 0.0238 0.019
Thickness (mm)

Control 0.430+0.0053 0.392+0.0019° 0.402+0.0021°

Inorganic Mn (120 me/ke) 0.442+0.0047 0.414+0.0021° 0.414+0.0030°

Organic Mn (80 mg/kg) 0.437+00069 0.411+0.0041° 0.410+0.0019°

P-value 0.339 <0.001 0.006
Shell ratio (%)

Control 9.38+0.125 9.92+0.101 9.67+0.099

Inorganic Mn (120 mg/ke) 9.62+0.054 9.95+0.066 9.86+0.076

Organic Mn (80 mg/kg) 9.45+0.105 9.91+0.139 9.78+0.028

P-value 0.302 0.960 0.231

%" Means + SE within a column with differing superscripts differ significantly (P < 0.05).

Source: Zhang et al. (2017?)
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