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Effects of Mineral- and Vitamin- Enhanced Supplementation on Egg Production, Egg Quality
and Concentration of Calcium and Phosphorus in Serum of Spent Laying Hens

S. O. Shin, J. H. Cho, Y. J. Chen, J. S. Yoo, H. J. Kim, Y. Wang, Y. Huang and I. H. Kim'
Department of Animal Resource & Science, Dankook University

ABSTRACT This study was conducted to evaluate the effects of mineral and vitamin-enhanced supplementation on egg pro-
duction, egg quality and concentrations of calcium and phosphorus in serum of spent laying hens. A total of 240 (72-wk-old) Hy-line
brown commercial hens were used in the current trial for 4 weeks. Dietary treatments included 1) CON (basal diet), 2) ESS1 (basal
diet + Egg shell strengthen 0.1%), 3) ESS2 (basal diet + Egg shell strengthen 0.2%) and 4) FESS (basal diet + Fe egg shell
strengthen 0.2%). During the overall period, egg production was increased in CON and ESS2 treatments compared with ESS1
treatment (P<0.05). Egg shell breaking strength and final egg shell thickness were significantly higher in ESS2 treatment than CON
and FESS treatments (P<0.05). Egg yolk color index was significantly lower in ESS1 treatment than other treatments (P<0.05).
Moreover, Haugh unit was significantly lower in ESS1 and FESS treatments than CON treatment (P<0.05). Mineral- and vitamin-
enhanced supplementation did not affect either egg shell color or calcium and phosphorus concentration in serum. In conclusion,
mineral- and vitamin- enhanced supplementations of laying hens diet are helpful in improving egg shell breaking strength and
thickness by supplementation of Egg shell strengthener 0.2%.

(Key words : mineral, vitamin, egg shell quality, egg shell strengthen, spent laying hens)

M = (Kang 5, 1996), AFF #e], Ae]4 89l 944 a1 ¢ 4
H So] 3747 Q<lo] 9] H(Roland, 1988), Yzt I3k
A Aol lojx] Lubz o7 AMA o] F=IAE o) S MHE JUH A FE Ca, P, Mn 2 Zn 52 v
7] YA E FH o= el ArE STME AR T4 g3} Hg S £ 4= 9ok
Sl @ &HlRfe] Aol HIFo] E o Ao g 2 Al Cad 4ol 7P & JFS vAe J4F 8lolH
< Ak A B3 S8 A F shuelty e Al (Roland, 1986), Cao|] H-=&}d Akeh-g-o] #&te 1L Wzto] gF
o Fa3t 9| FH o, dzpde] Bk AAH o}x]= A7} WA THBar 5, 2002). Bar 5(2002)2 AR
&S fste 7P 2 Qlolth AEHE olys Ay Ul Cag 5% FF7HA S7MIAE Ao FEFS HHA]
o] t& Fr#A| L, Akt o] o]2 A B vS 4 oA o] SRdE|dckal B askeith NRC(1962) 2

S}ET] Hester 5(1980)2 A& AFdANA 4.77%2] Agto] Ca #F FFL& 225%2 F2 FFo|o, NRC 7N
SEALE gt Ao= Bugh ul glom, AiE AT 7.77% (NRC, 1994)cll 4= Ca AF <] 3.3% FolH, SH=A}
7} AL Well A g5l o}(Roland, 1977), AR AIE & & FIEF(2002)9] A A $719] Ca 8T 3.8%= Ab

o] Y FTHAusticet Nesheim, 1990). Aol 2b 58 sty tlBo] A Zrsle AL UE
WP GF= PIAE 890L FAF Al o3k FF Wil lTk P& Ca T ©]8-ES S7M171P, Mabe 5(2003)
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473 ARF AR BT
A& A= 1) CON(basal diet), 2) ESS1(basal diet + Egg
shell strengthener 0.1%), 3) ESS2(basal diet + Egg shell strengthe-
ner 0.2%) % 4) FESS(basal diet + Fe Egg shell strengthener
0.2%) % 47) A2 S st 2|2l 5xbE, RhE 124 Aheh
&5 7|2E sto] A wix|E AT

A 7259

2. Al AlER} ALRF ZiZ|

A AEE S5t 979 AFE 24 NRC(1994)
AL BFES 7|22 1] 2,904 keal ME/Kg, 15.45% CP, 0.70%
lysine, 3.23% Ca, 0.61% PS T-HES 3} S H(Table 1), &
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Table 1. Diet composition (as-fed basis)

Ingredient %
Corn 50.36
Soybean meal (CP 46%) 18.70
Wheat grain 10.00
Limestone 7.50
Wheat bran 5.00
Animal fat 4.44
Corn gluten meal 2.00
Tricalcium phosphate 1.40
Salt 0.30
DL-methionine 0.10
Mineral premix” 0.10
Vitamin premix® 0.10

Chemical composition®

ME (kcal/kg) 2,904

Crude protein (%) 15.45
Lysine (%) 0.70
Methionine (%) 0.32
Calcium (%) 3.23
Phosphorus (%) 0.61
Available P (%) 0.35

Y Provided per kg of premix: 25,000 mg Cu, 40,000 mg Fe, 60,000
mg Zn, 80,000 mg Mn, 1,500 mg |, 300 mg Co and 150 mg Se.

2 Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000
IU vitamin Ds, 10,000 mg vitamin E, 2,000 mg vitamin Ks, 50
mg biotin, 500 mg folic acid, 35,000 mg niacin, 10,000 mg Ca
pantothenate, 1,000 mg vitamin Bs, 5,000 mg vitamin B,, 1,000
mg vitamin B; and 15 mg vitamin Bi,.

9 Calculated values.

e AN AR 7IRE T il AR Skl AElTEE
A
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Table 2. Composition of egg shell strengthener

Egg shell Fe egg shell

Ingredients
strengthener  strengthener

Mineral (g/kg)

Calcium 67.0 67.0
Phosphorus 55.0 55.0
Zinc amino peptide chelate 40.0 40.0
Manganese amino peptide chelate 40.0 40.0
Copper amino peptide chelate 7.0 7.0
Iron amino peptide chelate - 20.0
Vitamin (1U/kg)
Vitamin A 2,500,000 2,500,000
Vitamin D3 500,000 500,000
2 Azt 22

A FAL 243 Asked A7 A, zz 2 F5A
ol 30714 Rk ZHel olgAT ¥t B v
ZJ=A(Egg shell force gauge model 11; Robotmation Co. Ltd.,
Japan)E ©]-&3stH o, *7z} 7= Dial pipe gauge(Ozaki
MFG. Co. Ltd., Japan)S o]-&3}a] Wzbo] o ehyt, ok o
FoR 2 =335k9 ) G2he Eggshell Color fan((F) %
AR R AFR)S o838t S8t -2 Yolk color

fan(Roche, Switzerland)S ©]-8-3}e] *3}9] A_ﬂ TE =331y

). Wd3HA|SE Ozakirte] oAz Wale] =o)9) 274
< =A3to] Sauter 5(1951)2] Wl 2oJ3te] Fato] o]

S 33| AF o2 ro] AlLtslth Haugh unit Haugh
(1937)2] HFH(HU = 100 x log(H — (1.701 x W*¥) + 7.57)).
2 W aH) GeW)S T2l digste] ek

3 o A4t

27 ) Ca} PEL Z43l7] ate] AR AN %
Aol HEg Y= 1054 Adste] 27g el A vacuum
tube (Becton Dickinson Vacutainer Systems, Franklin Lakes,
N))E o]-8at] A& 5 mL HF 3 5 4 TollA] 2,000x g=
3047 W4l et °*f LS A o83t e

H ¥4 W Ca & P e As A8t #417](ADVIA
120, Bayer, USA)Z =43 t)

4. SH Xz|
& AFE = SAS(1996)2] General Linear Model procedure

= o]g-3}] Duncan’s multiple range test(Duncan, 1955)% =]
gt B 1] FodS HAsATh

OW mulg gl HEpd kA o] H7EE A
E‘rﬁlf’% e B o) H]xl% 43k2 Table 30 JERAS
F A 717 ek Ak A2 gtel] F92<
x}OM AR, 2~4F 2 AAAE 717 e A
o)z 2 ESS2 A7t ESSL Ao} vlwste] f-o &0
2 =7 UePgtHP<0.05). Y=o AA A1F 717 ok A
T 2roll Fol ARl ztol7t §llTh. o]t & 5(2005)2 LWt
A Algel 4w FHEAE F7F FoA Adegd AT

ZHll frelF zhel7t itk Bastg o, daoA=
2Tt Zbol| freld oz AN P<0.05), EF T FF

7ol e ade YeREA ertthal B skt Kuhl &
(1977)2 ZF FF(25~3.0%)° wWE e 9 dEo] 2t
o]7} gltkar B3l o™, Castillo 5(2004)9] Aol A]
T T £5(2.96~4.82%) 2 FHo| w}E Ale-g-o] F9F
Q1 zpol7F vrERHA] e3skth

Table 3. Effect of mineral and vitamin enhanced supplementa-
tion on hen-day egg production and egg weight in spent
laying hens

Items CON' ESS1' ESS2' FESS' SE?

Egg production (%)

0~2 weeks 8048 79.05 8071 8202 151
2~4 weeks 75710 7060° 7479 72380 124
Overall 78.10° 74.82° 77.75° 77.20° 098
Egg weight ()

Initial 6324 6553 6468 6444 079
2 weeks 6251 6121 6047 6118 123
Final 6204 6380 6239 6208 1.09

Difference (0~4 wks) —-1.20 -1.73 -2.09 -236 139

! Abbreviated CON; basal diet, ESS1; basal diet added egg shell
strengthener 0.1%, ESS2; basal diet added egg shell strengthener
0.2%, FESS; basal diet added Fe egg shell strengthener 0.2%.

% Pooled standard error.

2 Means in the same row with difference superscripts differ (P<0.05).
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Ag)te} Bt fojdoz A YERSTHP<0.05).

W2 FAE A TRAIAL B AR 250l A Al itel]
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Jackson 5(1987)> Ca <2 3~9%71A] 1L5%H F71A]
AL FAA] ARz et dte] BTt fojFeg
ZYatgdoka Bastgom, Bar $(2002)2 AL U] Ca &
S 24~25%AN X 36~4.0%= Z7MANHES Wt AL
NA= Ak ATk As W AA 744 Cas S7HA1E
o dztdo] {20 g A E ATk Bl (Mehring$} Ti-
tus, 1964; Walter <} Aitken, 1962)E & A&7} FALSE 272
eIt FF 5(2004)2 AFAlol] 8HaF A 13(FeSO, -
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Wtk Buste] 2 AJQe Agolst AE YER I

ALg U Mg FF0] U o Gdzbd o) #3HE Ho|n
(Waddell 5, 1991), Mabe 5(2003)2] B arol| A% Akghi- Ao
Mn, Cu ¥ zn 59 I v FEHS F7F FFA 37

N Y

o

N

Table 4. Effect of mineral and vitamin enhanced supplementa-
tion on egg shell breaking strength and egg shell thick-
ness in spent laying hens

Items CON'  ESs1' ESS?' FESS' SE

Egg shell breaking strength (kg/cmz)

Initial 351 354 347 372 014

2 weeks 331 327 3100 372 016

Final 328" 342 378 345° 014
Difference

-023° -012* 031° -027° 017
(0~4 wks)

Egg shell thickness (mm)

Initial
Sharp end 0362 0362 0.361 0.368  0.005
Middle 0368 0367 0363 0367 0.005

Large band 0362 0359 0359 0369 0.005

2 weeks
Sharp end 0.352 0364 0.352 0.358 0.005
Middle 0350 0350 0.341 0.347  0.005

Large band 0347 0346 0344 0352 0.004

Final
Sharp end 0341 0.353® 0364° 0.331° 0.005
Middle 0.345° 0.353® 0364° 0.340° 0.004

Large band 0347° 0351% 0362 0.340° 0.005

! Abbreviated CON:; basal diet, ESS1; basal diet added egg shell
strengthener 0.1%, ESS2; basal diet added egg shell strengthener
0.2%, FESS; basal diet added Fe egg shell strengthener 0.2%.

2 Pooled standard error.

47 Means in the same row with difference superscripts differ

(P<0.05).
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Table 5. Effect of mineral and vitamin enhanced supplementa-
tion on egg shell color, egg yolk color and Haugh unit
in spent laying hens

Items CoN'  Ess1' ESS?*  FESS'  SE?

Egg shell color

Initial 983 993 956 1007 021

2 weeks 9670 829 841 909" 031

Final 1056 1094 1028 1044  0.30
Difference

0.73 1.01 1.08 0.01 0.32
(0~4 wks)

Egg yolk color

ol A7t FA <1 2ol 7} gliTt. sHAIR, ¥kl
SholX= ESSL A e]77h ke A2]7rh wlaske] frof o
2 7P S JERGTHP<0.05). S-S #A) A1E 7|7
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o2 A VERSRTHP<0.05).
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Table 6. Effect of mineral and vitamin enhanced supplementa-
tion on calcium and phosphorus concentration of serum
in spent laying hens

Initial 792 808 778 787 010
2 weeks 635" 748  740° 743 013
Final 785 745 766 774 020
Difference . b . .
-007 -063° -012°0 -013 017
(0~4 wks)
Haugh unit
Initial 80.68 8620 8230 8498 240
2 weeks 8516 8723 8568 8622 164
Final 8745 8428 8400 8448 130
Difference
677° -193° 171® -051° 211
(0~4 wks)

Items CON' ESS1' ESS2' FESS'  SE?
Calcium (mg/dL)

Initial 2820 2612 2518 2662 131

Final 2697 2380 2559 2505 155

Difference -123 -232 041 -157 1.80

Phosphorus (mg/dL)
Initial 7.13 6.61 6.03 6.65 0.37
Final 5.77 4.62 5.68 5.40 0.47
Difference  -1.36 -1.99 -035 -125 0.58

' Abbreviated CON; basal diet, ESS1; basal diet added egg shell
strengthener 0.1%, ESS2; basal diet added egg shell strengthener
0.2%, FESS; basal diet added Fe egg shell strengthener 0.2%.

? Pooled standard error.

> Means in the same row with difference superscripts differ (P<

0.05).

! Abbreviated CON; basal diet, ESS1; basal diet added egg shell
strengthener 0.1%, ESS2; basal diet added egg shell strengthener
0.2%, FESS; basal diet added Fe egg shell strengthener 0.2%.

% Pooled standard error.

% Means in the same row with difference superscripts  differ

(P<0.05).
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