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Evaluation of different levels of organic (met-Mn) and inorganic (MnSQO,) form of
Mn on performance, egg quality and blood metabolites of Hy line W36 layer hen
under heat stress condition
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ABSTRACT

In this study, the effect of two sources (met-Mn and MnSO4) and three-level of manganese (25, 90, 135 mg/Kg) was
evaluated on performance, egg quality and blood parameters in Hy-line w36 laying hens under heat stress condition. The
experimental treatments contained basal diet with; 25 mg/Kg MnSO4 (treatment 1), 90 mg/Kg MnSO4 (treatment 2), 135
mg/Kg MnSO4 (treatment 3), 25 mg/Kg met-Mn (treatment 4), 90 mg/Kg met-Mn (treatment 5), or 135 mg/Kg met-Mn
(treatment 6). A total of 360 hens, 22 weeks of age, were used in a 2x3 factorial arrangement in a completely randomized
design with 6 treatments and 4 replicates (15 hens per replicate). Our results showed that Mn source had no significant effect
on production traits but higher Mn level significantly improved egg production, feed conversion and egg mass (P<0.05). The
use of organic source or increasing dietary Mn level significantly decreased feed intake (P<0.05). The sources and levels of
dietary had no significant effect on the weights of egg white and yolk, but the level of Mn had significant effect on shell
weight, albumin height, and serum Mn and phosphorus. Although Mn source did not affect the blood metabolites, but the
serum superoxide dismutase activity significantly increased in groups that consumed organic Mn (P<0.05). In conclusion,
supplementary Mn at 135 mg/kg from any source especially chelated form, may increase production performance and egg
quality traits in the early pre-peak production phase of laying hen, under heat stress condition.

Keywords: Heat Stress, Laying hen, Organic Manganese, Production Performance.
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Table 1- Ingredient and chemical composition of the experimental diets

: Diet min Diet min Diet min Diet Org Diet Org Diet Org

Ingredients (g/kg) Mn25 Mn90 Mn135 Mn25 Mn90 Mn135
Corn 451.36 451.36 451.36 451.36 451.36 451.36
Soybean meal (44% cp) 339.00 339.00 339.00 339.00 339.00 339.00
Di-calcium phosphate 21.60 21.60 21.60 21.60 21.60 21.60
Wheat bran 57.04 57.04 57.04 57.04 57.04 57.04
Calcium carbonate 115.20 115.20 115.20 115.20 115.20 115.20
Sodium chloride 4.90 4.90 4.90 4.90 4.90 4.90
DL-Met 3.20 3.20 3.20 3.20 3.20 3.20
Lysine 0.30 0.30 0.30 0.30 0.30 0.30
Threonine 0.80 0.80 0.80 0.80 0.80 0.80
Vitamin premix* 2.50 2.50 2.50 2.50 2.50 2.50
Mineral mineral* 2.50 2.50 2.50 2.50 2.50 2.50
Sand as inert filler (mg/kg) 1573.20 1356.50 1256.50 1349.76 552.00 -
Mnso, (mg/kg) 83.30 300 400
Met-Mn (mg/kg) 306.74 1104.50 1656.50
Calculated composition
AME, kcal/kg 2800 2800 2800 2800 2800 2800
CP, g/kg 19.20 19.20 19.20 19.20 19.20 19.20
Calcium, g/kg 4.94 4.94 4.94 4.94 494 4,94
Available Phosphor, g/kg 0.58 0.58 0.58 0.58 0.58 0.58
Sodium, g/kg 0.21 0.21 0.21 0.21 021 0.21
Lys, g/kg 1.05 1.05 1.05 1.05 1.05 1.05
Met, g/kg 0.91 0.91 0.91 0.91 0.91 0.91
Thr, g/kg 0.79 0.79 0.79 0.79 0.79 0.79
Manganese, mg/kg (Analyzed )* 235 85.4 133.20 22.6 88.4 132.77
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1, 2. Supplied per kg diet: Vitamin A,8000000 1U; vitamin D3,3300000 1U; vitamin E,20000 mg; vitamin K, 2500 mg; cobalamin, 23 mg; vitamin B1
(thiamine), 2500 mg; vitamin B2 (riboflavin), 5500 mg; pantothenic acid, 8000 mg; niacin, 3000 mg; vitamin B6 (pyridoxine), 4000 mg; biotin, 75 mg;
choline chloride, 110 mg; Mn, 90 g; Zn, 80 g; Fe, 40g; Cu, 8 g; I, 2.1 g; Se, 8 g.

3. Each sample was analyzed in two replicate.
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Table 2. The effect dietary treatments on performance traits of w36 layer hen at 22-34 weeks of age

Variables Egg production Eggmass  Egg weight Daily feed intake Feed conversion ratio
(%) (9/h/d) (@ (@ (9/9)
Mn Source
Organic 89.58 4753 53.03 85.40° 1.82
Mineral 91.66 48.70 53.11 87.58° 181
SEM 0.823 0.62 0.51 0.245 0.025
Mn Level (mg/kg)
25 86.71° 45.96° 52.93 86.78° 1.90°
90 89.45° 47.84° 53.51 86.89° 1.83%
135 95.70° 50.55° 52.78 85.80° 1.71°
SEM 1.00 0.76 0.63 0.300 0.031
Week
22-25 wks 88.54 45.31° 51.06" 79.00° 1.71
25-28 wks 90.62 47.58™ 52.48% 89.10° 1.72
28-31 wks 92.18 49,51 53.76° 86.97% 1.78
31-34 wks 91.14 50.06° 54.98° 90.90° 1.88
SEM 1.47 1.00 0.69 0.363 0.051
P-Value
Mn Source 0.090 0.198 0.915 0.0001 0.855
Mn Level 0.0001 0.001 0.696 0.035 0.001
Week 0.417 0.008 0.001 0.000 0.114
Mn SourcexMn Level 0.103 0.106 0.542 0.414 0.150
Mn SourcexWeek 0.491 0.665 0.757 0.052 0.740
Mn LevelxWeek 0.373 0.538 0.327 0.231 0.498
Mn SourcexMn LevelxWeek 0.065 0.151 0.448 0.245 0.244

a, b: mean value in a column not sharing a superscript are different at P<0.05. Number of replicate=4.

Each period containing 3 weeks.
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Table 3. The effect of dietary treatments on egg quality parameters of w36 layer hen at 22-34 weeks of age

. Egg white weight  Egg yolk weight Egg shell Egg white height .
Variables @ @ weight (g) (mm) Haug unit

Mn Source
Organic 32.54 12.94 7.33 9.73° 86.99%
Mineral 31.39 13.56 7.13 9.13" 83.65°
SEM 0.365 0.144 0.094 0.100 1.05
Mn Level (mg/kg)
25 31.15 13.29 6.86" 9.31° 86.24
90 32.56 13.43 7.07%* 9.81* 85.44
135 32.99 13.04 7.66% 9.21° 86.75
SEM 0.447 0.174 0.115 0.122 1.99
Week
25-28 wks 32.42 13.37 7.26 9.55 84.05
28-31 wks 31.82 12.80 7.24 9.23 83.22
31-34 wks 32.46 13.59 7.19 9.52 82.95
SEM 0.492 0.201 0.154 0.212 1.52
P-Value
Mn Source 0.281 0.052 0.169 0.005 0.004
Mn Level 0.060 0.346 0.007 0.018 0.114
Week 0.627 0.055 0.964 0.619 0.326
Mn SourcexMn Level 0.055 0.071 0.589 0.763 0.245
Mn SourcexWeek 0.488 0.216 0.768 0.980 0.958
Mn LevelxWeek 0.755 0.279 0.168 0.550 0.455
Mn SourcexMn LevelxWeek 0.705 0.579 0.190 0.241 0.844
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a, b: Mean value in a column not sharing a superscript are different at P<0.05. Number of replicate=4.
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Table 4. The effect dietary treatments on serum parameters of w36 layer hen at 22-34 weeks of age

Variables Total Cholesterol Triglyceride LDL HDL
(may/dl) (may/dl) (mg/dl) (mg/dl)
Mn Source Mn Level
Mineral 25 155.66 62.00 65.66 123.66
Mineral 90 168.66 53.33 62.00 131.00
Mineral 135 145.33 65.33 63.00 115.66
Organic 25 184.66 62.00 67.00 121.00
Organic 90 160.66 60.33 72.33 130.00
Organic 135 176.66 74.66 68.33 98.33
SEM 10.16 4.30 3.39 15.78
Mn Source
Mineral 156.55° 60.22° 63.55" 123.44
Organic 174.00° 65.66° 69.22° 111.77
SEM 5.84 248 1.96 9.11
Mn Level (mg/kg)
25 170.16 62.00° 66.33 122.33
90 164.66 56.83" 67.16 130.50
135 161.00 70.00° 65.66 100.00
SEM 7.18 3.04 2.40 11.16
P-Value
Mn Source 0.047 0.147 0.063 0.383
Mn Level 0.671 0.030 0.907 0.178
Mn Sourcex Mn Level 0.137 0.546 0.440 0.573

XSS slaws el 100 o 50 5kl o re gles Silo g o 50 e 8 gy
a, b mean value in a column not sharing a superscript are different at P<0.05. Number of replicate=4.
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Continued table 4. The effect dietary treatments on serum parameters of w36 layer hen at 22-34 weeks of age

Variables Total protein Albumin Globulin AST ALT
(mg/dl) (mg/dl) (mg/dl) (U/d1) (U/dl)

Mn Source Mn Level
Mineral 25 413 1.40 2.73 378.56 2.06
Mineral 90 3.43 1.86 1.56 223.40 3.36
Mineral 135 5.13 1.73 3.40 928.96 3.30
Organic 25 3.46 2.10 1.36 303.13 3.20
Organic 90 3.56 1.93 1.63 973.03 3.83
Organic 135 3.63 1.83 1.80 296.56 2.83
SEM 0.669 0.144 0.112 75.50 0.332
Mn Source
Mineral 4.23 1.66° 2.56 510.31° 291
Organic 355 1.95° 1.60 326.24° 2.95
SEM 0.386 0.083 0.439 55.79 0.19
Mn Level (mg/kg)
25 3.80 1.75 2.05 340.85 2.63
90 3.50 1.90 1.60 598.21 3.60
135 4.38 1.78 2.60 612.76 2.56
SEM 0.473 0.101 0.538 25.52 0.235
P-Value
Mn Source 0.239 0.030 0.145 0.004 0.872
Mn Level 0.432 0.565 0.445 0.724 0.115
Mn SourcexMn Level 0.496 0.084 0.514 0.221 0.245

XSS slaws el 100 maw 4o 5kl o gre glis Silo e ,o 50 b uf gy
a, b mean value in a column not sharing a superscript are different at P<0.05. Number of replicate=4.
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Table 5. The effect dietary treatments on serum antioxidant enzyme of w36 layer hen at 22-34 weeks of age.

Variables SOD (u/l) GPX (m/l)
Mn Source Mn Level
Mineral 25 190.33° 4395.00
Mineral 90 190.66° 4563.00
Mineral 135 184.66° 4580.00
Organic 25 198.00* 4290.00
Organic 90 192.66% 4675.00
Organic 135 223.00° 4423.66
SEM 9.49 204.80
Mn Source
Mineral 190.55 4512.66
Organic 200.55 4462.88
SEM 5.48 118.24
Mn Level (mg/kg)
25 191.16 4342.50
90 191.66 4619.00
135 203.83 4501.83
SEM 6.71 144.81
P-Value
Mn Source 0.221 0.771
Mn Level 0.352 0.425
Mn SourcexMn Level 0.041 0.788

F LSS slaws el 100 maw 4o 5kl o sire glis Silo g ,o 50 b uf gy
a, b mean value in a column not sharing a superscript are different at P<0.05. Number of replicate=4.
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Table 6. The effect dietary treatments on some blood elements of w36 layer hen at 22-34 wks.

Variables Mn (ng/dl) Ca (ng/dl) P (ng/dl)
Mn Source Mn Level
Mineral 25 98.33 7.86 7.73
Mineral 90 85.00 9.20 7.80
Mineral 135 81.66 7.93 6.96
Organic 25 90.33 8.40 7.83
Organic 90 90.00 7.80 7.16
Organic 135 77.66 7.85 7.00
SEM 5.69 0.503 0.261
Mn Source
Mineral 88.33 8.43 7.50
Organic 86.00 7.66 7.33
SEM 3.28 0.290 0.151
Mn Level (mg/kg)
25 79.66° 8.13 7.78°
90 87.50° 8.15 7.48°
135 94,33 7.86 6.98"
SEM 4.02 0.356 0.185
P-Value
Mn Source 0.624 0.086 0.450
Mn Level 0.041 0.822 0.022
Mn SourcexMn Level 0.523 0.117 0.334

F LSS slaws el 100 maw 55 gkl o pre Dglis Silo ygiw o 50 sl 8 By,
a, b: Mean value in a column not sharing a superscript are different at P<0.05. Number of replicate=4.
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