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& 57 AN E

O Ax 4 ¥y

2 AlPE 199 ROSS 308 ¢, Q) 660 T FAIEAIL, Al JHAl AlFS 39.240.1g2. %
AFFAIE 2 57 A SR Al A= 1) CON (Basal diet), 2) EP1 (Basal diet + 1% Egg
by-product), 3) EP2 (Basal diet + 2% Egg by-product), 4) EP3 (Basal diet + 3% Egg by-product) =
a0 AelE ekl A" 1Rk, vk 15574 el o] wjA] aklvh Aol AREE
2 -3 FAE (Egg  by-product)>  Fol7]#l @EEMAY R A Al E o

Ararglon], Az By B g Baasel e St

ROSS 308 ol & 3
AT HAE 43S

ANEE Gl

& - &k A= (Egg by-product)e] AzFHel wE AAtEs dobry] gl Az

A 2 - 9= Ul E. coli challengedlo] E.coli %S 73] Table 1] YeER A Th,




HAYTHEZ AES

P 2stES 5457 Sste] AlE T8 744
A EZA A EE (Cr0)S AFEW 0.2% #H7}ste]

Fol 420 F wuE B AAT F 60T AF

Ao o] &tk AR URMEF FTAlER EFE Cr AOAC (2000)°] A+

g A= 259 2 FEA (3BY) AHETHE
K:EDTA Vacuum tube (Becton Dickinson Vacutainer Systems,
Fraklin Lakes, N))& ©o]&3lo] & 2mLE A3 & A&

gl 227] (ADVID 120, Bayer, USA)E ©]§-3}] WBC,

RBC % lymphocytes ZA}s}Sitt.



(5) &7 F4

5AATe] FAE SAsk] AT

K

o

e A7 (Model CR-210. Minolta Co., Japan)S ©]§3te] 7 71549 ME 17

Sitt ojuf ETFEAES L=89.2, a=0.921, b=0.783°.% 3S}UT} HF

1)

(water holding capacity)> Hofmann 5 (1982)¢] Wyl o2 A WAz} &9 WA n&S
71538tol 54 shlem, pHe 7hE5S A3 5 pH meter (77P, Istek, Korea)E A}H-&-31o]
Sttt A EFdrop loss)< AlRE 2cm FA0] A RSFoE AP T

polyethylene bagell 2ol 4C WA 72A17F Bt A 24A17F, 48A17F 2 72A17F &

4. TAA=
B A=+ SAS (1996)2] General Linear Model procedure & ©]-23F] Duncan’s multiple

range test (Duncan, 1955) = * 2]sle] H7ke] [F-4d& ARtk



1. A
AbEU] Qe3tshe] HI7PF FA19] AR ol v A= P Table 20 YERUITH 119 H
Atg Q5o Slo] EP3 A2 77} CON AHelg-Hth oA o=® BHA eyttt (P<0.05).

2597 SAIZl ol EP3 A7k EPL AT Hul foA o2 £ UEkst I (P<0.05),
At Q& 9le] EP3 AE|F-7F CON, EP1 % EP2 A FxHTt foAo=m uA
bt (P<0.05). AN E7IZEEE ARl 9lo] EP3 AE T CON ARt
oA o® #=A YEsa (P<0.05), AFE Q& %le] EP3 A&7} CON, EP1 % EP2

Al ro fo]d 07 yA e (P<0.05).

AbE Qevbete] H7E7F A9 Gga Askael VA= JF> Table 3o HERA AT
AUA AshEel 9lof EP29F EP3 A 2]-7F CON ARyt FojH o2 57 Yebstth
(P<0.05). 1&ut A=3k A &skgel o A7 FoHd AolE HEREA

okttt (P>0.05).

3. 839

et
o,

AFE Qenpeke] H7P7F SAS] Al FA wAE JFES Table 40 UERH U
ol Wy o] glo] 35U H el EP3 A&7k CONF EP2 MRt fro4ow
= HER AT (P<0.05), 254 T el oA ATt oAl AolE HERA]
oSkl (P>0.05). dAW Adret ®Eat el ol At [FY2Q AolE

e A gkttt (P>0.05).



4. 7] A
AbEY Qemtgtel HUbE A9 o 546 wX &= dFE Table5 ol HERAT 7
B, 290, B, 7heS " 53R 9lol A3t foFl AolE vEhdiA eksket
(P>0.05).
5. 54 54
F S Table 6 ° LEFHSITE A%

Arad] Qedbghe]l H77F SA1Q] Al w A=
o Qo] 24, 48 L 72 A| 7ol EP2 9} EP3 A 277} CON A& FHt} Fold oz v

8 AlFtel= EP3 Ael7-7F 7 $HA UERRtE (P<0.05), 1Eut

w

3] 4

Jm

et (P<0.05).

oAl pH, W wEle] glolA] Ael ik fo M Aol 2 e kT (P>0.0)

6 A4 &4
APEW Lespeke] HIPE A9 BAG ZA e vlA= 9FE Table 7 o HERSITH
AHE 1%37HA 1 AR SUbE AL 1kg SAle]l Zed AbEEA ¢

ALRH S AR

sl A= EP3 Al F7F 1,004 Yo7 74 A e



Table 1. Effects of egg by-product on nutrient digestibility in broilers®

Items, % CON EP1 EP2 EP3
Dry matter 75.88 76.59 75.25 76.33
Nitrogen 63.77 64.74 64.00 64.60
Energy 79.24 80.32% 81.30° 81.09°

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON +
2% egg by-product powder; EP3, CON + 3% egg by-product powder.

“Standard error.
*PMeans in the same row with different superscripts differ (P < 0.05).



Table 2. The effects of egg by-product on growth performance in broilers*

Items CON EP1 EP2 EP3 SE?
1-11d
BWG, g 243 250 254 250 5
Fl, g 382 366 384 356 10
FCR 1.572° 1.464° 1.512% 1.424° 0.041
12-25d
BWG, g 752" 744 759 793¢ 12
Fl, g 1226 1207 1242 1208 13
FCR 1.630° 1.622° 1.636° 1.523" 0.019
26-35d
BWG, g 704 715 698 726 13
Fl, g 1,286 1,293 1,296 1,313 12
FCR 1.827 1.808 1.857 1.809 0.024
1-35d
BWG, g 1,698" 1,709% 1,711% 1,768 21
Fl, g 2,893 2,866 2,921 2,877 23
FCR 1.703° 1.677° 1.708° 1.626" 0.015

Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.

“Standard error.

*PMeans in the same row with different superscripts differ (P < 0.05).



Table 3. Effects of egg by-product on nutrient digestibility in broilers®

Items, % CON EP1 EP2 EP3 SE?
Dry matter 75.88 76.59 75.25 76.33 0.42
Nitrogen 63.77 64.74 64.00 64.60 0.70
Energy 79.24° 80.32% 81.30° 81.09° 0.93

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.

“Standard error.

*PMeans in the same row with different superscripts differ (P < 0.05).



Table 4. The effects of egg by-product on blood profiles in broilers!

Items CON EP1 EP2 EP3 SE?

Red blood cell, 10%/ 1.0

25d 1.98 2.01 1.97 1.98 0.03

35d 2.05 2.08 2.00 2.08 0.03
White blood cell, 10/ 0

25d 323.6 362.5 345.3 329.4 13.6

b ab b a

35d 332.6 355.7 329.0 398.7 17.4
Lymphocyte, %

25d 82.0 76.7 775 83.4 3.06

35d 83.2 80.2 89.5 85.0 4.05

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.

? Standard error.

2P Means in the same row with different superscripts differ (P < 0.05).



Table 5. The effects of egg by-product on relative organ weight in broilers®

Items, % CON EP1 EP2 EP3 SE?
Liver 241 2.38 242 2.49 0.18
Spleen 0.14 0.14 0.15 0.15 0.02
Bursa of Fabricius 0.17 0.18 0.17 0.17 0.02
Breast muscle 18.61 18.93 18.20 18.51 0.51
Abdominal fat 1.57 161 1.67 1.77 0.16
Gizzard 1.03 1.01 0.98 0.99 0.04

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.
“Standard error.



Table 6. The effects of egg by-product on pH and meat color in broilers!

Items CON EP1 EP2 EP3 SE?
pH 5.56 5.61 5.58 5.56 0.03
L* (Lightness) 57.81 55.74 55.85 55.08 1.03
a* (Redness) 14.28 14.01 14.78 14.92 0.65
b* (Yellowness) 12.71 13.52 12.60 12.38 0.67
Drip loss

24 h 3.39° 2.47% 2.23° 1.70° 0.34

48 h 6.90° 5.59 4.26"™ 3.64° 0.57

72h 9.25° 7.30® 5.62" 5.71° 0.97
WHC?, % 19.99 18.62 18.76 17.87 17.87

Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.

“Standard error.

*WHC = water holding capacity.

*PC\Means in the same row with different superscripts differ (P < 0.05).



Table 7. Effects of egg by-product on feed cost/weight in broilers*

Items, % CON EP1 EP2 EP3
Feed cost, won/kg 670 671 672 673
Feed conversion ratio 1.703 1.677 1.708 1.626
Feed cost per 1kg BWG, won 1,141 1,125 1,147 1,094

'Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON +

2% egg by-product powder; EP3, CON + 3% egg by-product powder.
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Haugh unit> A=t 52 A7) (Egg multi tester;

Touhoku Rhythm Co. Ltd., Japan)E ©]&-35}¢]

A3k, A= W A=Al (Egg shell
force gauge model |l ; Robotmation Co. Ltd., Japan)S ©]-&3lo] =431, Wzt 7= dial
pipe gauge (Ozaki MFG. Co. Ltd., Japan)E ©]&38}o] Fz}o] ofuty FdH 2 FUiE

T 99.5%2] AJokg NaClS 20L9) =of z}7; 14429, 1764g,
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1} of] A

4) €9 54
g AFA= AFIANY FEA G AgTE de®E Addbste] olshd
FAIE o]&std  2mle] IS AFHI F KEDTA  vacuum  tubeo]  Hotb
A5 AR 7] 2 WBC,RBC % lymphocyte3HaFS %A} o
(5) ¥ 7 A3hEk
T HASE 7hA9 <> FTRA (67) AAAE Fx 2009 AFHSEA] 20Tl A
+7}2~ HA] FZ (GV-100, GASTEC.Co. Japan)E ©]-8-3Fo] NH3, H2S, 2! Mercaptanel tj s+
AA % (No. 3L, No. 4L ¥ No. 70)& ©l-&3ato] 7k &g S st
6) BA4d =4
A A AEVIERMY T OAbRRE, T AREAFAZTH AR S AR
Alxbst & 1) Abstels o AbER|E AlAbsESAT
4. FAA
B E A5 SAS (1996)°] General Linear Model procedureE ©]-83Fo] Duncan’s multiple
range test (Duncan, 1955)= =] 2]sle] H7ke] F-94 S A3



AbEW S @eubete] HI7P7E AbEAS ARl WA= FFS Table 7o YERASIH
Adbge] glol 4Fake]l EP3 A7V CON AH7Htr fedow A vebsa
(P<0.05), HA|7|zFE<tel EP1¥ EP3 A 77} CON AFHTt FoFOoz #A
YE T (P<0.05). W 9lo] 15kl EPL 2@ G-7F CON @ -xwth fozo=
= WEsE L (P<0.05), 452kl EP3 A 2]+-7} CON# EP1 A2l 4-Hth oA ow =7
e T (P<0.05). T3t @A 7]7Fseke]l EP3 A 27} CON, EP1 % EP2 A& Ht}h
frelsl oz 7 uEbsa, EPL¥ EP2 AHEl9'E CON A THt foXoz #/
UERRtE (P<0.05). L dEARRAFAZC M= ATt foHd Aol
UER A 2 3ket (P>0.05).

>
i
i
o

gtere] H7b7b Abg A 9ok Aa 43S W= 93-S Table 89

eI AdE, da 9 oollyA] &skael Qo] At #9149l AelE HEREA

3. A% &F4

APEY Qeuteko] HI7P7F AbREAI Y Alsk Sl A= &2 Table 90 YERU AT
w&kare] glo] 55:akell EP3eF EPL A2+ 7F CON A g7 Hu Foldo s w7 yebstnt
(P<0.05). w3}alof Qlo] 2FAke| EP29F EP3 AHZ|G7F CON¥ EP1 A FHrt}h
fFeAo® =A Vebsa, EPL A F7F CON A T-Htt Aoz H=A Jebstth

(P<0.05). 352k, 4Fx W 55xfo| EP1, EP2 4 EP3 A7} CON Az Kt}



FolAoz =4 YeERgth (P<0.05). Wzb AEell o] 2ol EP29} EP3 A F7b
CONT} EP1 AHETRUT Fodo=z =4 YelRth (P<0.05). d7 FAol 3l 25
EP2 H277F CON AHzl7Hu FoAo=z FHA uYetil (P<0.05), 4Fxfol| EP2
A7k CON, EP1 4 EP3 Au7ith fojHow ¥ dehwtth (P<0.05). 9
55 kel EP1¥} EP2 A 2]77F CON A -Hu foldoz =7 yett (P<0.05).
H|Zof| 9lo] 253Fe]| EPL1, EP2 % EP3 A7} CON Hu|tHrT} foxoz =y
UERSE I (P<0.05), 55FAFel EP29} EP3 A @47} CON Azttt fodoz =7
LreRsETE (P<0.05). WEH el haugh unitell $lel Al 773F o249l Apol & vrebdiA] Fght

(P>0.05).

3

4. @

et

AbU Qest@e] H7bE kgl dol SA ] v A 93 Table 10 o thehgith
ol A¥T, WA B PEy FFe] glo] AT KA Aol UehhA

okort} (P>0.05).

5. B oH E4
AbEU @edhdte] 7L Ab@Al o] AR el w A= 9EFS Table 11 o JERA ST
31 ammonia, total mercaptan %! hydrogen sulfide 2ol Qlo] A& 7F A<l 2ol =

LR A 9ESkTE (P>0.05).

6 BAE 4
AR Qemhetel Wb ALY AAA EAel vAE 43S Table 12 o
e QITE AR &S AldRAbE 1%E 74 1 98 S7HE A, 1 7] Alke] Absn] g9

A= 18U R BE A7t sdsHA vE Sl



Table 7. The effects of egg by-product on production performance and feed intake in laying
hens'

Items CON EP1 EP2 EP3 SE?

Egg production, %

1wk 93.07 94.87 94.03 9457 1.40
2 wk 93.93 96.55 93.47 96.98 1.05
3wk 94.82 94.82 96.52 96.12 0.99
4 wk 93.91° 96.15% 95.04% 96.98° 0.82
5 wk 93.72 95.85 95.25 95.84 0.82
Overall (1-5 wk) 93.90° 95.65 94.86% 96.10% 0.48
Egg weight, ¢
1wk 62.1° 63.1° 63.2% 65.1° 0.8
2 wk 61.1 62.8 63.1 63.0 0.8
3wk 61.8 62.3 63.1 64.1 0.9
4 wk 62.1° 61.8" 63.7%° 64.4° 0.7
5 wk 60.7 63.1 61.0 62.3 0.8
Overall (1-5 wk) 61.6° 62.6° 62.8° 63.8° 0.3

Feed intake, g

1wk 106 105 104 108 1
2 wk 104 106 108 108 1
3wk 107 107 105 107 1
4 wk 105 105 109 109 3
5wk 105 107 108 107 2
Overall (1-5 wk) 106 106 107 108 1

Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON
+ 2% egg by-product powder; EP3, CON + 3% egg by-product powder.

“Standard error.

“’Means in the same row with different superscripts differ (P < 0.05).



Table 8. Effects of egg by-product on nutrient digestibility in laying hens*

Items, % CON EP1 EP2 EP3 SE?
Dry matter 74.94 74.94 71.06 74.78 0.55
Nitrogen 62.19 61.27 61.63 63.42 1.29
Energy 81.20 80.88 81.07 81.42 0.43

Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.
“Standard error.



Table 9. The effects of egg by-product on egg quality in laying hens*

Items CON EP1 EP2 EP3 SE?
Yolk height, mm
1wk 8.30 8.55 8.36 8.39 0.15
2 wk 8.45 8.51 8.61 8.41 0.23
3 wk 8.62 8.81 8.74 8.49 0.15
4 wk 8.57 8.34 8.56 8.19 0.16
5 wk 8.19° 8.22° 8.00° 8.60° 0.12
Yolk color
1wk 7.45 7.80 7.75 7.70 0.22
2 wk 7.40° 7.85° 8.50° 8.25° 0.12
3 wk 7.15° 8.66° 8.65° 8.55° 0.16
4 wk 7.55° 8.75° 8.70° 8.60° 0.11
5wk 7.40° 8.20° 8.50° 8.50° 0.12
Haugh Unit
1wk 89.29 90.06 94.49 89.99 1.01
2 wk 91.16 91.35 91.43 90.66 1.22
3 wk 91.46 93.05 92.46 91.76 0.89
4 wk 90.57 90.52 90.71 91.07 0.88
5wk 88.34 88.81 87.95 88.57 0.82
Eggshell strength, kg/cm?
1wk 3.286 3.321 3.567 3.469 0.145
2 wk 3.178° 3.264° 3.912° 3.791° 0.154
3 wk 3.763 3.555 3.796 3.841 0.139
4 wk 3.146 3.333 3.294 3.219 0.123
5 wk 2.867 3.040 3.170 3.084 0.105
Eggshell thickness, mm™
1wk 39.3 39.3 30.7 40.3 0.4
2 wk 39.1° 39.8% 40.1° 39.7% 0.3
3 wk 38.5 38.6 39.6 39.4 0.4
4 wk 39.5° 40.0° 40.8° 40.0° 0.2
5 wk 38.9° 39.7° 40.0° 39.4® 0.3
Egg gravity
1wk 1.093 1.092 1.093 1.092 0.001
2 wk 1.093° 1.096° 1.097° 1.096° 0.001
3 wk 1.097 1.096 1.097 1.095 0.001
4 wk 1.094 1.087 1.093 1.093 0.003
5 wk 1.092° 1.095%® 1.098° 1.096° 0.001

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.

“Standard error.

*Pe\Means in the same row with different superscripts differ (P < 0.05).



1

Table 10. The effects of egg by-product on blood profiles in laying hens

Items CON EP1 EP2 EP3 SE?
Red blood cell, 10%/.¢ 1.93 1.99 1.85 1.89 0.08
White blood cell, 10/ 4.0 324.2 346.7 302.0 322.5 29.2
Lymphocyte, % 82.5 84.0 84.8 85.3 3.08

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.
“Standard error.

Table 11. The effects of egg by-product on excreta gas emission in laying hens

Items, ppm CON EP1 EP2 EP3 SE?
NH; 17.00 16.67 16.00 16.33 0.98
R.SH 0.33 0.33 0.33 0.33 0.21
H,S 0.33 0.17 0.17 0.17 0.20

Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON + 2%
egg by-product powder; EP3, CON + 3% egg by-product powder.
“Standard error.



Table 12. Effects of egg by-product on feed cost/egg in laying hens!

Items, % CON EP1 EP2 EP3
Feed cost, won/kg 460 461 462 463
Total feed cost, won 122,875 123,142 124,574 126,010
Total egg production, egg 6,761 6,887 6,890 6,919
Feed cost per legg, won 18 18 18 18

! Abbreviation represents: CON, basal diet; EP1, CON + 1% egg by-product powder; EP2, CON +
2% egg by-product powder; EP3, CON + 3% egg by-product powder.
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