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Farm Survey on Eggshell Quality and Egg Vitamin D3 Contents in Laying Hens
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ABSTRACT Vitamin D3 is an essential nutrient which plays an important role in calcium metabolism for eggshell formation,
in calcium and phosphorus metabolism for bone mineralization, and in maintaining host immunity. Although there have been
a great deal of studies investigating the role of vitamin D3 in eggshell quality and vitamin D3 contents in eggs, no attempts
have been made to monitor the eggshell quality and vitamin D3 contents in eggs at farm level. Thus, this survey was conducted
to measure eggshell quality and vitamin D3 contents in eggs laid from laying hens fed diets containing different levels of vitamin
D3. Eggs from four commercial laying hen farms were sampled before and 1, 2, 3 and 5 weeks after provision of the vitamin
D3-enriched diets added with the level of 16,500 IU and 29,000 IU. Dietary vitamin D3 did not affect the eggshell color and
breaking strength, but increase the eggshell thickness. In addition, vitamin D3 contents in eggs were elevated as vitamin D3
in diets was increased. It is concluded that addition of dietary vitamin D3 into the diets of laying hens at the commercial laying
hen farms could improve eggshell quality and vitamin D3 contents in eggs. It is expected that the prediction equation for egg
vitamin D3 contents might be produced if more data on vitamin D3 contents in diets and eggs at the farms are to be analyzed.

(Key words: vitamin D3, eggshell thickness, eggshell strength)
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Table 1. Ingredients and chemical composition of layers’ diets

Ingredients Diet A Diet B
Yellow corn 54.24 56.39
Wheat 5.00 5.00
Soybean meal 224 19.93
Corn gluten meal 1.2 1.0
Dried distiller’s grains with solubles 4.5 5.0
Bended fat 1.3 1.0
Molasses 0.5 0.5
Methionine (99%) 0.22 0.2
Lysine (78%) 0.07 0.1
Limestone, 2 mm 9.1 9.55
Tricalcium phosphate 0.94 0.80
Salt 0.2 0.2
Vitamin mineral premix 0.10 0.10
Supplements 0.1 0.1
Choline chloride (50%) 0.08 0.08
Phytase 0.05 0.05
Nutrients % (calculated)
AMEn (kcal/kg) 2,790 2,780
Crude protein 17.00 16.00
Ether extracts 4.1 4.0
Crude fiber 3.0 3.0
Crude ash 133 13.2
Ca 4.1 4.0
Available phosphorus 0.41 0.38
Total lysine 0.84 0.81
Total methionine 0.42 0.39
Total sulfur amino acids 0.76 0.73

Provided following nutrients per kg of diet: vitamin A, 10,000 IU;
vitamin D3, 4,000 IU; vitamin E, 20 IU; vitamin K, 2 mg;
vitamin B1, 1.5 mg; vitamin B2, 4 mg; vitamin B6, 4 mg;
vitamin B12, 15 mg; Ca-pantothenate, 8 mg; niacin, 30 mg;
biotin, 0.1 mg, folic acid, 0.6 mg, cobalt, 0.4 mg, copper, 15 mg;
zinc, 80 mg; iron, 60 mg; manganese, 60 mg; lodine, 1 mg;
selenium, 0.3 mg.
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Table 2. Laying hen farms used in this study

Farms Region Breed (\Ix;geeljs) heI::/.h(())Lfse
A Kyeongbuk  Hyline Brown 52 45,000
B Kyeongbuk  Hyline Brown 72 30,000
C Jeonnam Isa Brown 42 15,000
D Jeonnam Tetra 44 16,500

Fig. 1. Eggshell 'coldr fan (Nonghyup eggshell color fan, Korea
Poultry Cooperative, Korea).
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Table 3. LC-MS/MS condition for vitamin D analysis

Model AB Sciex Triple Quad 3500
Injection volume 2 uL
Flow rate 0.35 mL/min

Column temperature 40T
Column Unison UK-C18(2.0 mm x 100 mm, 3 pm)
Mobile phase mM Ammonium acetate:methanol(5:95)
Tonization ESI, positive

Vitamin D2: 397 — 107, 105, 91

Monitoring ion Vitamin D3: 385 — 107, 105, 79

Voltage 5,500

Temperature 500C
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Table 4. Changes in eggshell strength of eggs laid from laying hens fed vitamin D3 enriched diets'

Eggshell strength (kgf/cm?)

Normal diet Enriched diet

Farms (IUke feed) (IUke feed) Before After P-value
Mean S.D. Mean S.D.

A 4,000 TU 16,500 U 52 0.34 522 1.00 0.950

B 4,000 TU 16,500 TU 4.57 1.08 491 0.87 0.278

C 4,000 TU 29,000 U 5.07 0.66 5.01 0.91 0.862

D 4,000 IU 29,900 U 4.78 0.74 4.57 0.51 0.332

! Value are least squares means.
S.D.: standard deviation.

2. SHZHEH S 2R O m(P<0.001), 227=2] HIERR D3E i3 AlRE &
ArgA ALg W HER D3E SR Frlehd dzbe] T 3t C9 D 7t E 9 5%~8% SEE ATHP<0.05).

Hlwale] 92 o7 Z718l3 thTable 5). HIEF D3 71 & dzbae] AL A3bE Table 590 A4l
Z715ez0] v D32 &893 Ale F skith Wz Wstk= AP Al Eel| whet ok 2pol 7t 9l
= Fo AET 10%~19% A=A Kot Higke At §IATK Table 6).

Table 5. Changes in eggshell thickness of eggs laid from laying hens fed vitamin D enriched diets'

Eggshell thickness (mm)

Farms g[(};(n;l f::l; IEJ;S /(I::;ei"eigt Before After P-value
Mean S.D. Mean S.D.

A 4,000 TU 16,500 TU 0.39 0.03 0.43 0.02 <0.001

B 4,000 TU 16,500 TU 0.36 0.02 0.43 0.03 <0.001

C 4,000 TU 29,000 IU 0.39 0.04 0.41 0.03 0.004

D 4,000 IU 29,900 IU 0.36 0.03 0.39 0.03 0.034

! Value are least squares means.
S.D.: standard deviation.

Table 6. Changes in eggshell color index of eggs laid from laying hens fed vitamin D enriched diets'

Eggshell color index

Normal diet Enriched diet

Farms (U feed) (Ul feed) Before After P-value
Mean" S.D. Mean" S.D.

A 4,000 TU 16,500 IU 8.5 0.67 8.35 0.94 0.584

B 4,000 IU 16,500 TU 8.4 0.92 8.33 0.69 0.821

C 4,000 TU 29,000 TU 9.1 0.54 8.95 0.71 0.489

D 4,000 TU 29,900 U 8.2 0.75 8.28 0.81 0.793

! Value are least squares means.
" 10: dark brown, 1: light white (NH eggshell color fan).
S.D.: standard deviation.
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Fig. 2. Vitamin D3 contents in eggs obtained from laying hens
fed vitamin D3-enriched diets.
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