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ABSTRACT This study was conducted to evaluate the effect of iron reinforcing agent on the performance in laying hens
for seven weeks. One hundred ninety eight 30-wk-old Brown Tetran layers were assigned to 9 treatments: control containing
45 mg Fe from iron sulfate per kg diet (FE-45), FE-90 (control multiplied two times), FE-180 (control multiplied four times),
YM-45 containing 45 mg Fe from yeast mutant, YM-90 (YM-45 multiplied two times), YM-180 (YM-45 multiplied four
times), YF-45 containing 45 mg Fe from ferritin containing yeast, YF-90 (YF-45 multiplied two times), YF-180 (YF-45
multiplied four times) in the experiment. Each treatment had four replications of 6 birds each. In the average egg production,
the YF-180 was highest and the FE-45 (the control) was lowest; the YM-180, YF-90, and YF-180 were significantly (P <
0.05) higher than the control. In the comparisons of egg weight and egg mass, the YF-180 was significantly higher (P <
0.05) than the FE-90 or the control. In the FCR, the YM-90 was highest and the YF-45 was lowest. There was no significant
difference between the control and YM-90 although the YF-45 was significantly (P < 0.05) lower in FCR than the control.
In the eggshell thickness, the YF-180 was the thickest and the FE-90 was the thinnest; the YF-45 or the YF-180 was
significantly thicker (P < 0.05) than the control. In the eggshell strength, the YF-45 was the strongest and the YM-45 was
the weakest; the YM-90, YF-45, and YF-180 were significantly stronger (P < 0.05) than the control. In the cholesterol level
of egg yolk, the control (FE-45) was the highest and the YF-45 was the lowest; there was a significantly different (P < 0.05)
between these two treatments. In conclusion, in case of adding organic iron to feed for layers, it gives improvement on
performance of layers and develop chemical composition of eggs.
(Key words : Fe, yeast, egg production, eggshell thickness, laying hens)
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(Bezkorovainy, 1989; Bothwell et al., 1979; Finch and Hueher Ao 2 A7|=Ho| gir). A Fe /= = AL 1 FF
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Monsen, 1988). & Aol o) 744 7152 s B4
29l B7ldolu, i gwt 2 A FoF BEEL
249 28-S e gedoz 398 9L ) S
Jajel 7%, Aage] ATHE A8l B2 HF 432
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532 UriSung, 1997; Kye and Paik, 1993; Nam and Ly,
1992).

7HEe] Al H7iEE Ee A 12" 2 H/MAZ O
RBE o]g&5qm glon, o] AU F4E0] vuy gn
Ex2 ujdo] Bold AS, EYH BF Foll L&A}
HAE 5 QA7) 2ol Bl heme’d ©HF EHQ ferriting
et FEAUANA He] Frdol £& H s A
ge] /el Basitt & A7 A-F, &0 1 AA
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o] &5t A A M v 73 N 2 HE Uldo)
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3l31 o] & Alg o] A7 o3 AP S FHS AU1EE
g3t ARE At 71ES A Fsted 1 840
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FUele ot Ha]e(fenitingg o] &3 2 AR
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ojt}. Wt £ AldE E A7t HotE ALRE AR
o] A&3t] WA E AT 35 A A= IF
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1. SASE, MEYA Y ARz

FAFELS 30573 244 HEH A 198545 FAIF}
Ak FTAE A= 258 3G A cagedl| A 73 ALS
soH, Al AR 2 BS AR AN ES St &A1Y
o] AEALR widrET dL FFE Table 1] YEARUTH
AldAtg e FAAE F71ekA] ¥3 NRC(1994)9] 37|
FdAr L FF o] 7| ZARE st NRC <
2k Al 12(FeSOs - THO: FE)E AHSStl A RE A%
2l Fe 45 mghkeS 78t A2 @ iz @ (FE45), Fe 90

mg/kg A7Fer AT @ (FE-90), Fe 180 mgkg 713t X
- @ (FE-180), Saccharomyces cerevisiae R100 (yeast mutant
s YM, 2 3 200 mgkg)e HET] A T 7IEL2 45
me/kg AL M2l T @ (YM45), 90 mgkg H7Het X2} T
® (YM-90), 180 mgkg F7IgH 22l ® (YM-180), Sa-
ccharomyces cerevisiae 2805-a7 TYFHLAG-1(ferritin contain-
ing yeast ; YF, 2 3% 500 mgkeg)S 72| 2 FF 7|E
o2 45 mgkg A7F AT © (YF45), 90 mgkg 713}
A2l 7 @ (YF-90) 2 180 mg/kg 713t 22|+ © (YF-180)
2 g Z oMeTF 4y, vhET 674 olojujA|ste] 2 A
& PRSP A @l AVSH Saccharomyces cerevisiae

Table 1. Formula and chemical composition of basal diet (%)

Ingredient (%) Control
Com 65.59
Wheat bran 6.50
Soybean meal 16.00
Corn gluten meal 2.60
Salt 0.30
Vit-min mix' 030
L-Lysine - HCI 0.04
Methionine 0.07
Limestone 7.73
Tricalcium phosphate 0.87
Chemical composition”

ME (kalkg) 2,750

C.P (%) 15.01
Lysine (%) 0.69
Methionine (%) 0.30
Ca (%) 325
Avail. P (%) 0.25

! Provided following nutrients per kg of diet : vitamin A,
9,000,000 TU; vitamin Ds, 2,100,000 IU; vitamin E, 15,000 IU;
vitamin K, 2,000 mg; vitamin By, 1,500 mg; vitamin B;, 4,000
mg;, vitamin Be, 3,000 mg; vitamin By, 15 mg,; Ca-panto-
thenate, 8500 mg; niacin, 20,000 mg; biotin, 110 mg; folic acid,
600 mg; Co, 300 mg; Cu, 3,500 mg; Mn, 55,000 mg; Zn,
40,000 mg; I, 600 mg; Se, 130 mg.

2 Calculated values.
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R100Z 15F7F<] AR 5 dFUE & Ad%e] 718 %5
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TYFHLAG-1& ferritine] nE &2 HAHE A2 a22
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AR e NI F ANE F AB5E BAFE U
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Fol, WA, Fut 9 gt 5.2 ZA3ch

2) AHzte| siebs x4

wale] x| ubat B4 Alg 5 g9 Folch -&<¥(chloroform
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DHsle] A Lolx 3087 wukgk th3 Buchner 37|12
A F, AN E BAA R {72 FFHF 70 mE 7t
T F AA8 233 vhe, WAGT)ANA 2743 EeE
W) 7}R] ¥R 8 F, ol 22 3] AR TEZ7](35C))
A EFAETE FE5AE AT &4 FATPAE PRA]
71 T 5% sulfuric acid-methanol 3 mlE 7} A& oE)
23 mlE 33] FF3d Aavtxs A2A7] v A o
HZ 100 ;g2 A GODS 6200, DONAM)E EA3815)
t}. B3} cholesterol £-43-2 Folch et al.(1957)2] ¥Whgo g &2
Ml on, Zk Ao Alg d3-g 30 ume] A& 3l
et 2 4 AAS T & A% F A EE AHEgrh
AR 2 g8 20 mle] WEET 40 mle] SRR E S 72
A7) 3, Aste] GARYAA 5T FHokd /&
A(0.88% B3MLF) ¢k 20 mE Hrlel] FAN F, o
A&, S5 AdE AAZ vhs, AAEF7IE ol %
3l 22X ES AAS T A BAE 33k F
29 A F22¥E0F 10 mE FEA AL
FE(RHAIHE o] 83l Wd3te] FEiH|EE Z3
ok Alghy BEA ek B-A2 [CP (Inductively Coupled Pla-

sma, Spectro-telame, PLAME)2 &3 3l5icth &edAle &
a4:(1992)2] o] lahH AAlelA o, Bl AR
T AEFEA AT2E L B 2087 &2 AL o %
skl e, 1914 537px1 9] a1 v vy, 2: e,
3: BRol}, 4: £, 5: v ¢ Fh2 53 SR (Stone et al,,
197002 ¥, M2, tF, 4%, T FEHU "k
AABYT.

3) EAIXz

B AloA AdolA =tge] EAx el SAS Statical Pa-
ckage Program(SAS, Institute, 1995)0l] o]ale] BAMRA S 4
Aetgom, Mel Pazte] $94 2% Duncand] T3
AL o] 83le] 5% FEAA AAEA.

g g

1. A2, HE, MEE AIRMFE Y AT E
£ AgoiM e ZF M AEE, @ F, e ARA
Hgk 9@ AR Q78S Table 20 Velidch Aarge
YF-180 X277} 71 A vEom, &+ FE457} 7t
e AR Bo AT foAE BEATHP <
0.05). AT 2T FE45ETE YMS} YF 2] 7}t =4
Uel} §24 5(1990), Gerendia et al.(1992) 2 Lim(1992)
o] A sl SAAERE HIIE AAEEe] /A g
AgEnet {FARE Z2BE Ak 7 AeE e
YF-180 2] 7} 714 Eskon, FE-90 X &+7} 71 w2
b5 B M7 KA E EATHP < 0.05). A
< YF-180 M7} 7H) 2 Aheae Bglon, FE452
Vg e S BHo X]te] folab UAJTHP <
0.05). ALE A3 B YF-180 A2l 77} FE-45 ARt &
A Ve o, FE-90 X 2] = FE-45 X gl 1t} A Jet
v we A S Bl APt felaE BokP
< 0.05). YM2} YF A 2|7+ FE-459F FE-90 M2 TRt} &
e HHFFE HYgon], ol= Peppler(1982), Cantor et al.
(1983) 2 Hughes(1987)= A RH|FEL AlR || H718S o,
7134 SRAAZA 28-E st AR HHAZFE FMIIY
T Bt fARIR T AlR 8788 YM90 ATt 74
A e e, YF-45 A7 b 22 Als 87 &0
2 Ho] Hg73te] foAE HYKP < 0.05). AlR 878

1) RNA Inc., 319 College of Industry. Kyung Hee University. Suwon, Geonggi-do 449-701, South Korea
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Table 2. Effect of organic iron supplementation on egg production, egg weight, egg mass, feed intake and feed conversion ratio of layers

FE (mg/kg) YM (mg/kg) YF (mg/kg)
Item -
45 90 180 45 90 180 45 90 180
Bgg production (%)  82.81° 87.30™ 87.08™ 87.40™ 86.23% 88.86% 91.75% 93.73% 93.96™
Egg weight (g) 59.81° 59.70° 60.57% 62.20% 60.56™ 62.30% 61.51"° 61.92% 62.97"
Egg mass (g) 49.53° 52.01¢ 5277 54.51% 52.23% 55.38™ 5778 58.16® 59.47
Feed intake (g/b) 120.91% 117.53° 12630°° 13231  135.14™ 12961 121.63*°  131.48™  138.86"
FCR 2.44% 226" 239" 2.32% 2.59° 2.34% 2.11° 227 2.33%

*¢Means with different superscripts in the same row are significantly different (P < 0.05).

& YM$} YF A&) 77} FE-459} FE-90 Al Rt /A
A3}E By e, ol FAZRE ATA 0 AR §-34
E(1990), Lim(1992) ¥ 19} x5} HT)

2. AZrEH 9 e

Z} A7 G2, G4 =€ Table 39 YeRA]E
G2 = YF-180 A 2] 77F /M FAS) 2, FE-90 Ag
T4 78 @ GAEAE B ATt foAkE B
tHP < 0.05). 7 FRWE Hrt FFo] F7igel met
b7 Sl SANRE A%E Bl ¢ AEE YF45
2277} 71 B A Jeled, YM45 A3 e 7 B

et M2 77t felaE EHTHP < 0.05). YMS}H YF A
2] FE-459} FE-90 M| FxRt} =yl 733 AdS B
=8

3. ot Mg

Zt &l 8 33 A== Table 40 JERIQTH A==
YM-90 A 2]77} 718 T Al el e, YF-90 A&7} 7t
7 @A el A 7zte] feAE BYTHP < 005). 24
=& YF90 87} 718 wA Jeb o, YF-180 A2+
7F 7V @A vebst) 28y el 73§93 Aeols B
o]x] gkgit}. BT M= YM-90 A2}t 71 ko,

Table 3. Effect of organic iron supplementation on eggshell thickness and eggshell strength of layers

FE (mgkg) YM (mg/kg) YF (mg/kg)
frem 45 90 180 45 % 180 45 90 180
Eggshell thickness (im) 336% 329° 342% 340% 349® 352% 359° 349® 364°
Eggshell strength (kg/em®)  2,720°  2,972° 2977 2,598  3,294° 3396 4,506 3352  3,570°

*° Means with different superscripts in the same row are significantly different (P < 0.05).

Table 4. Effect of organic iron supplementation on egg-yolk color changes in layer fed with ferritin supplementation

FE (mg/kg) YM (mg/kg) YF (mg/kg)
Egg-yolk color
45 90 180 45 90 180 45 90 180
L 47.18™ 4828 48.46™ 47.33% 48.60° 47.09% 47.17% 4697 47.49™
a -1.66 -124 -1.62 -1.52 - 1.61 -1.41 -1.55 -1.21 -1.79
b 50.52* 52.49° 52.24° 50.06° 52.58° 50.93% 50.64% 50.84% 50.49®

*° Means with different superscripts in the same row are significantly different (P < 0.05).
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YM45 A TN 1 R BUEE Bo A7)

s
o)A AojE HITHP < 0.05).
4. 32 FHE (Haugh unit), HHi=0], =HZH &
ob ol Tt R ZYAEIE

2 AR A ok FUE, dege], ¢, At
2 S35k 33 F A B2 Table 5o Uepisich 8¢ &

HEE YM-180 A8l #7} 7H8 Eskor, YF-180 X277}k
7V @A ek o, e gte] folFQl Aol fisich
4l Fols YMH180 ATt s EA JERse,
YF-90, YF-180 A g]FollA 713 WA Jehskout, a3t
9] fojate Holx] ettty dAe YM-180 A& 77} 7t
F =%kom, YM90 XA 7Y @A et A3t
o foJaHE ERATHP < 0.05). R FE-180 A el77}F 7H¢
=glom, FE-45, YM-90 387, YM-180 X &7, YF-90 X
27 2 YF-180 X 2] oM Eulo] VENR] QAA| T X
g7zt o zelE YERIATHP < 0.05). ke
YF-180 2] 77} 71 9k oH, FE459 A 7 @& A3}
g B A7t oA BAThP < 0.09).

7 Agd 33 ZH 2HE S FE45 A7t 7t
2} A JeERten], YF45 X877} 73 @A vyeht Ag)
F3ke] feolH zgo]E B (P < 0.05).

2

Zr A dE@ AT S Table 69 YeR]ATH
A2 XA F oleic acidEs YM-45 X277} 71 5k,
YM-90 X2l 7t 71 B Jebgo {98 Aol Hoj
ATt AdAL] A, ALBW R 2402 ARt

Cw Ao

5.

Ae &

YT AZAY AP ] Be

FEFE T o=
22 A A THGuenter et al.,, 1971; Sim et al., 1973; Huang et
al, 1990). £3] Sim et al(1973)& AL2W T Aol &
¥ linoleic acid(C18:2 w6, LA)FEo] Z71d4E W3ta)
A Z219] linoleic acid7} Z71gcky Bauslgiont, B Ald
oAM= FelFQl zte]lE BolA] HFUTh

6. tEl 27|28 Eat

ZF A2l @3 U £7)8 3 Table 79 JERAA
T} Cal YM-90 HaFol|A 7} Egton, YF-180 A&t
7} 74 @A JElT P2 YM-90 A2l 71 &
gkom, Fe-45 M e]77t 71 2A UEsith Few Fe-45 A
77t 71 wgton, YM-180 X277t 7Y Be dEe
otk
7. TsAAL
o] &5 ZHA tlg Ax)= Table 8o el
th H5AA 23 938 YF-45 X7 YF-180 X2+
7t #skom, YM45 A8t 7Y B AiE B Xg
TF7te] /oA AolE HATHP < 0.05). M2 YM-45 A2
T7F EA JERGon, YM-90 XA 7HE BA e
U X 77ke] el zo|E HATHP < 0.05). thEA L
YF-45 A 2|77} 71 %o, FE-45 X277} 74 Wk
o, M]3k frolA Alol= Heolx] stk WAl(FHE
FE-180 X 2] 77} 71 #3kom, FE45 Hel 37} 71 @&
FAE HFou 94 it TEAEY Jzze
YF-45 g7t 7b3 et o, YM-90 X &7t 713
TP < 0.05).

o

Al

Table 5. Effect of organic iron supplementation on Haugh unit, albumen index, eggshell color, blood spot, meat spot and yolk

cholesterol of eggs

lem FE (mg/kg) YM (mg/kg) YF (mg/kg)

45 ) 180 45 90 180 45 90 180
Haugh unit 56.30 54.53 64.01 59.13 56.78 74.89 64.11 52.94 52.36
Albumen index 391 3.96 4.46 427 4.05 5.41 470 3.81 3.81
Eggshell color 35.13°  30.63° 3455 3080 30.08™  39.10° 31.11% 33.60™  34.70™
Blood spot 0.00° 0.13* 0.18* 0.07% 0.00° 0.00° 0.06® 0.00° 0.00°
Meat spot 0.20 031 027 033 0.38 0.40 039 0.50 0.57
Cholesterol (mg/g)  13.82° 1284° 1295 1339 12.65" 13.22% 12.57° 12.79% 12.60"

*“ Means with different superscripts in the same row are significantly different (P < 0.05).
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Table 6. Effect of organic iron supplementation on egg yolk fatty acid composition of the egg-yolk in the experiment (%)

Fatty acid FE (mg/kg) YM (mgkg) YF (mg/kg)
45 90 180 45 90 180 45 90 180
14:0 0.41° 039 238"° 0.42° 2.97° 0.71* 039" 034 118"
16:0 27.68 2742 24.69 29.27 21.08 27.24 27.99 27.52 2242
16:1 (©7) 3.72 3.03 2.94 2.30 6.13 2.68 3.28 2.46 9.50
18:0 7.93 8.50 5.57 8.38 6.60 7.93 7.81 8.27 6.40
18:1 (09) 41.28 41.31 36.52 44.19 30.07 39.87 43.98 41.71 3329
18:1 (07) 2.46 2.63 9.46 0.00 10.48 3.87 1.72 1.97 7.47
18:2 (w6) 13.14 14.62 1193 9.83 17.93 14.28 12.68 15.35 11.56
18:3 (06) 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.04 0.00
18:3 (@3) 0.26 0.25 0.85 0.74 0.27 0.33 0.26 0.24 0.68
20:1 (@9) 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.40
20:5 (@3) 2.09 1.85 4.88 1.61 4.47 2.93 1.59 1.59 5.21
22:4 (06) 0.00 0.00 0.00 311 0.00 0.00 0.00 0.00 0.00
22:6 (03) 1.03 0.00 0.30 0.16 0.00 0.00 0.31 047 1.88
SFA' 36.02 36.31 32,65 38.06 36.13 35.87 36.19 30.65 30.00
USFA® 63.98 63.69 67.35 31.94 63.87 64.13 63.81 69.35 70.00
USFA/SFA 1.78 1.75 2.06 1.63 1.77 1.79 1.76 2.26 233
** Means with different superscripts in the same row are significantly different (P < 0.05).
! Saturated fatty acids, ? Unsaturated fatty acids.
Table 7. Effect of organic iron supplementation on egg-yolk mineral composition (mg/kg)
FE (mgkg) YM (mg/kg) YF (mgkg)
Items
45 90 180 45 90 180 45 950 180
Ca 688.38 867.11 921.73 732.14 926.41 912.38 781.52 709.52 654.74
P 2,232.87 2,489.54 2,611.74 2,401.47 3,206.09 3,408.91 2,663.60 2,663.17 2,278.22
K 796.24 866.34 1,132.24 963.86 1242.27 1528.23 1147.80 605.43 907.17
Na 1,625.14 1,672.34 1,762.21 1,739.34 1,705.43 1,744.75 1,623.40 1,632.72 1,776.92
Mg 157.70 170.00 171.54 163.48 162.40 175.46 149.65 154.63 145.80
Fe 55.17 55.41 62.72 64.75 67.36 70.34 60.76 65.65 69.17
Mn 0.93 0.88 1.02 0.88 0.87 1.08 1.00 1.02 0.64
Zn 12.39 14.76 18.13 13.55 17.85 19.70 14.85 9.86 11.27
Cu 227 1.72 2.68 4.75 2.7 242 2.39 1.29 1.38
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Table 8. Effect of organic iron supplementation on sensory evaluation of egg

tems FE (mg/kg) YM (mg/kg) YF (mg/kg)

45 90 180 45 90 180 45 90 180
Appearance 3.03% 3.67% 3.23% 3.53° 287 3.10% 3.37% 3.33% 337
Color 3.23% 3.13° 333" 3.63° 297° 3.00° 3.06° 3.30° 3.20°
Juceciness 2.96 3.03 3.06 3.23 3.03 3.17 3.50 3.07 347
Texture 3.40° 3.53% 297 3.23% 297" 297 3.46° 3.06™ 323%™
Flavor 2.83 343 4.03 3.30 3.00 2.96 3.00 3.20 330
Overall acceptability — 3.46™™ 330 3.73° 3.63% 2.93° 3.26° 3.76% 3.36 3.36™

** Means with different superscripts in the same row are significantly different (P < 0.05).

§ 2

B Ao B2 FH AgArE A7 AtaE A
g3l P 2 ADY A 2P viAe TS
Brretazt AT AR 3058 2N g ER A
A 1987 FAISA2H, AIEALEE NRC(1994)9] 2het
A G 27Tl 250 7| 2AIRE WS, Bt A
18 (FeSOs - THO: FEYS A-38led AJok 3 P42 Fe 45
mgkgS A71e U1 (FE45), Fe 90 mgkg A7} A2l
2 (FE-90), Fe 180 mgkg H7}s Hel7 @ (FE-180), Sa-
ccharomyces cerevisiae R100 (yeast mutant ; YM, & 3H=F 200
mg/kg)S 2o 2 8F 71F o2 45 mgkg I71E Me
T @ (YM45), 90 mghkg H7FE A=l © (YM-90), 180
mgkg M7V A2l ©® (YM-180), Saccharomyces cerevisiae
2805-a7 TYFHLAG-1 (ferritin containing yeast ; YF, & 3}3F
500 mgkg)E t2To] H T 71 E 45 mghkg e
A7 @ (YF-45), 90 mgkg RV AT ® (YF-90) R
180 mgikg M7 M2l @ (YF-180)2 3 2 92|+ 4t
B, wBT 654 QeleixIste] 733 ARIAIEE F 5]
O 22 2HE AL F AU AEEL YF-180 X
T7F 718 Eken, dETEFE45)7t 7 WA veht A
273t KA BTt (P < 0.05). GEI A&EHS YF-
180 ATl FE90 Ae]+ B tZ2THFE-45)9} ¥ wsle
FoHez2 A H/HEJAR @ < 0.05). ARLTFES
YM-90 X277} 7HE k3, YF-45 X277t 7B Bste.
o, AYFLAE FARHE EATH (P < 0.05). dAFAE
YF-180 2|77} 7% T 2™, FE 90 2|7 73
g Ul el 77ke] o XHE HSITHP < 0.05). Wz} 7

TE YMAS A7t 7 A em, YM45 Mot 7
oA A2t FoAHE BITHP < 0.05). &3} chole-
sterob& T ZHFE45)7} 7H =3ken, YF-45 28] 77} 7}
@A Vehg M7t foH 2ol & EATHP < 0.05).
AEHOE, f71H S AL Al NS A5 A
BA AL PRI, AvS F3EHH 7N A]
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