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The Study on Treatment of Poultry Waste by Earthworms, and the
Effect of Feeding Earthworms Meal on the Performance of Broilers
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and Laying Hens, and Safety of Meat and Egg

Son, Jang Ho

This review was conducted to the study on treatment of poultry waste by

carthworms, and the effect of feeding carthworms meal on the performance of
broilers and laying hens, and safety of meat and egg.

1.

The pro-environmental chicken house was building in Dasgu National University
of Education, Daegu city, chicken wastes will be turn into high quality compost
by vermicomposting uses earthworms in the house.

. The earthworm meal (EWM) has a high proteinic content and a balanced amino

acid and fatty acid profile, thersfore most feeding applications has been
evaluated with mono-gastric animals.

. The dietary supplementations of 0.2 to 0.4% EWM were effective in improve

digestibility of crude protein of diet resulted improved broiler performance in
broiler chickens.

. The supplementing 0.2 to 0.6% of earthworm meal in the laying hens diet,

improves the laying performance and egg quality, especially ratio of egg yolk
n-6/n-3 fatty acids contents.

. As, Cd, Cr, Hg and Pb were detected at level of 4.41, 1.23, 1.18, 0.00 and

3.39%pm in earthworm meal, respectively, but those were not detected in the
chicken meat and egg. therefore supplementing 0.6% of EWM in the chicken
diet, it still did not affect meat and egg safety.

. These results indicated that vermicompositing uses ecarthworms good a subject

matter in the pro-environmental animal husbandry.
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Al 83 AFT AF 59 st AAF o]5F 47 H3A AR HE ZE
SES /& B AASEE Ak 2006dE U] A7 Y FALTFL 5%
H AR, o) FAAFTE FA A4AL, o TANFY < 134 e 22 =R
$2tete] FAA #et ol 29 &S SHEEA sFer g Fag 9L &
3 Yo AT o] F FH4F 44 9 mFAFF AL FHRAY & oM THS
E4% da7 xR U 0064dERE FE FET AFE A8 FAFHEA
AlRe 8 WEL 7R Hisl g AYdle 2 F4E 52 vk B=E AL
BEO 878 AFse /M £ ol LFEN AL £44 4F57) AT RolthE
AE, 2008). 2B FH A5 £ FUle o)# T S79] A4, gk 2 A3ER 4
=50 HE ¥71EQ REe) i FHAE Tl ZolAR e dPL fU1Ed 2 &
71540 d@ A&EA 23 2AE e 7St AvkAZ F3 145, 2002; 154 3¢
5, 2003; ZJF, 2003). FFEAY ol AV FEE ZIANAA ALVt
Y 858 il= Ao 4. 8§74 4 A 4L E2007d9E FENY 444
= HlE %Y B PP FEES AUF Ao Ee H4 71 AotKa&AE, 2007).

QgJo g og kZigle] BARAY T AA Yo IXE Fud gxizichd
WTO, FTA & DDA 9] FA7} o] Zed mdex A4 Ue 42 & ¢ AT
T AL FAFY FUYY HE 71X FHB-E AQAEENE F835] A4 & 5 UE Ao
o APolg EEY 7FER E SHERY Y] T4 2L #7714 H7E A (vermi-
composting2> A AF 2 F&H glor, FAF SHAAE B} A WEd v A
frEldt AeE Ruma JokelFA, 1995, =% F, 196, FHE F, 2003, FEE,
2005). A FElUEe A= A8 297 T34 2L /714 d7E A P 47 fE
59 o] duty o s FEH fovt FAFAQ SHI A&y e AT olHe F
oA BL EAF-] Yl e dFelt sAT A HolE /&3 olHF 774 H
7189 A7 W 233 FFLFo] o, o] HF Fo DA FH A= FAHE =T
rEAg o] ol F714 HIE AEE WH F 7P 187 FHQ PR v XA %
Hel Aoz FrpEn Qokelel B3} HED, 2002, FH S, 2005). tSo] B 44L&
Aele ARl 3 0.4 Axe] Holg dF st vl 8] AR AP o7} |7k 3,000
~5,000m}2]) 8] W 4o] 7lEaltHEdwards, 1994). 8 &&= g 71X AHA o] &3 UA
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g, Agole AAA 3.,0009F(F-duzE 6006F) 02 B4 ojrjiy} A= ExIt
BAZ AAshd g4 AL 70-30%F A Aoz A A Stewart, 2004).
o], v Fo| Ao} Ath= AL Fo] ZFd= Fo] o} F&Hol dvht B ABAS
o] el A=7HE Avsle Ao W& B AoV AEAtE AL Mot TEI=
F< sk Aol & & UTHe|eF, 2002).

£ A7 E AolE o] &3 AL A PE # o] FFoA YEE Aol E o
B8 SA (broilen)s}t @A (layen)2] A4k 2 A4kE A@e] A #F NEEd )
M Alsdn.

I. X|Ho|S 0|8z

L. Aol &3 AL A

A #ole] Ho] AL @hel AL(AAH], CN)E] Bl &o] w)- FAasA d¥t3oz A
Hole] Bolz HA zzi0] HE #7114 HrE W) @dulzt 10/ o]dhs Hojok gl F
Baa 2QF 2005, FRS 2005). AR Sov AAEE] /474K &A1&}~ of| 2ol (EL-
Ashry et al, 1987, ££7% 20032) HAEL AH AHo|dA ZFFE AL HRAsitin
g & Aok watA AR Aol HelgE A =8, F, ﬂ]m Yoz gla)A wsid
@AnE A KA F de &Y FAQo] 8FH AT AR XHo|L] Ho|z
g837] A 7 AT e FAR FH FAYo] o|FoiF

@ A)Pole] kAol & A v FAE viHe] 10em HES Fol|2 7T

@ FASA 24 FHA Ao o] e o 714 FE£3] HHET

® 109 A= 717bE<t WY 23 A= B8 FE3 P Eo

@ AHYolg UHAIZY} AH & PHAA W= 71 AF el Aol e APl
EHE 52 Zo] 44AUT oW 9] HlE2 4A 100kgdl] E£HE T AYo] FHE
3 FA 10kg¥ & Aol kg FE F, 100:10:19) vl =T} HEE 24

@ 444 AHold £7] ARE F7) A FAFE] AEHA F& A=Y ¥ &
& 149 1-28] A= 3§ HEo

® @9 FAL 59 A% HEH FA9} Aol EHUE To] ALLHA EHHAA
FARB ] FAHY 7128 THlLH EHES AA A3 AFo)x FAF HA
BA Aol A2 @G F-a
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@ of 540 o]Fre] $AH4] EEIEvE WojEW AF o]/ MA AART e AL ¥4l
& 45 3t

® Aol FAFA xPole WA FIe] $2A F. AEE FEUH

© ALs FTE BEe Qrvd tigo] ol dd FA g 20% o]Esl HEE
e A0 WEES:

sl @ Wd 713 Fig 15 AL AP e|F o]§8 ARAFA/E BT & At

Fig. 1. The deslgn drawing and a bulldhg of pro—amircnmental chicksh housa In Dasgu
National University of Education, Daegu city.

2. AA(8RAgH e Arb

TS e il TEY A B T, d9ndy Jdage s §EEe 2RAS
B AFe] F4FFig L2 FaREls] ZE£47 AWBAE 23 2802 AER
A& ¥, §Fde SEo] YA, ol Fde AMe]7) FHHR 2 gl AHele §
A4 delAe AXE ez o] HAAHT, o] ARE FHA AR} AME Hn @
Eoldle RHEE 44 A2 LT g =24 97RY fAY dTadr ae
A g WEEE ¢ o R 4= ¥ gl ¥ YodE 71l + gl el
+ A7el7l fYstA A glom, Ao R BAR F94] T 128 f)p ulg
o #3 W FE et Lo g

Table 1& 2§A AAHE TE £ /A AAle] nigos 4% oy fEH9] A
WEl7} 5 Ammoniz, HaS W VFA 5§ &AF AR AA|%H:

4L v 1-28o] HMH Fp2EH7](Gastec GV-100s Japan) o] -®3fA AG/AAA}
2 wg, F RHo) YA 30cm FEL] wo|9fA] LA900-10:00), e (13:00~14.00) B
AY(17:00~180008] 38 SHH el g WTAl e} FTxeaE el S84
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ARAAAL 788 B FE AFLE 2035 QrHkem?). 140 2H/NE2L F
31, Ammonia= 6, 7 € 8ge 3.20-520ppm3}, 11, 12, 1 E 29e] 1.0-4.9ppm A =7} A
EH%eH, 2L 77t VFAR B Olppm A= FESEHUAG 2 2 9 Rde
Ammonia®} VFAE HEHA &t B9 ol HFEFAVIAILS)E AF o= Al7]d
= ZEHA g4tk o2& FX= gl 3lojA 25ppm ©]3e] Ammonia FEE AIRT &
2] AEPAHo| VL G3S n| AR grerhe o]HAe] B i (McKeegan et al, 2000)E.0} v}

Table 1. Ammoenia, hydrogen sulfide and VFA gas emission from pro—environmental chicken
house with earth worm

NH; (ppmm H:S (ppm) VFA (%)
0 day (March) ND! ND ND
30 day (April) ND ND ND
60 day (May) ND ND ND
90 day (June) 520 + 0.15 ND 0.01 + 0.01
120 day (July) 470 + 0.15 ND 0.01 + 0.01
150 day (August) 320 + 0.25 ND 0.01 + 0.00
180 day (September) ND ND ND
210 (October) ND ND ND
240 (November) 1.00 + 0.05 ND ND
270 (December) 490 = 035 ND 0.01 £ 0.00
300 (Janwary) 460 + 0.25 ND 0.01 + 0.01
330 (February) 440 + 0.20 ND 0.02 £ 0.01

Values are means of three times (+ SEM) at day for measurement.
1. Not detected.

& iAo A FAF AR S dFHEA S AFHAAE /15 O goe =
A & JE 820 F9 he]AT Fig. 1614 AAIF J&H AAM = o|HF 44
o gk Fo] gitk= Zo] & d7E T84 &+ ANUTE Table 1914 YEPA Ammonia
2 VFAQ] #& @A7EA FalA AT Z|Eo] obdE & F lon, FH 4T
Ammonia$} VFA7} & B AL Fete] AEdE 3 482 & € FvA7|= F7)9
o]Zo] AFoz AL Ad &7 2 Ao XFPele] T (Bdwards, 1994)7}
4 vF AH2 HHE £ YL Aotk Stewart(2004)F A Fo] BHES i} o
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AZED FAL AN & A7 A APolz A% AR Az 2 o 33
AN AR IR BHEES TAG hHUA ] FESNA EAE mFGT A2t

m. X[ZHo[2ZHEWM)e] 20{=2 QI8 SA|(broiler) %
A2t A(layen 2| A4ARMO] Zist odt

HZ =4t H1V)E QIF B g Bzt e AlA ZASeA AdFHes ¥y
He 2F5H T ¥ F. &F HEAH A B3 FUbE Ereta §72
AH|Fo] F7)El= F 8 olf= ¢lTte] Aol B dadt did 53], dd s 74
Bl o4t T8 Ao SFEHAN A FHo] FIIUen, Alge] HHE AT AA
29 @ w4 S0 §7) GROI LRANAE o)e 47 A AL AL A
As7] AN AANTF ARG oJoISAW ol2B AN A BAe Bk o}
u=ike] AL HH 5L AT =go] JUF o E df - Wol] AT7H A= AL &
> TSRS, 2005 BV FFVNAS YA BN FAHCE 714 YE R
o] ol F FEEAA 2 F& AR A L ALAHo|x AL FTFY Aot} F A
Fols] ZE WAHTdwards, 1994, AFolS] BE FASE FAe BHATilon, 1983
Latsamy, 2007) S22 Q1814 o] 3 AL AEANLE o] FPs4o] ol AT
oM Aole) MRS 2M 5ol 28 AASIgTh B3] ol R YAMEAA
22 WULUOE |85 JRTshmeals] P02 SF5o] ARE ATAME ol
(fish meal)2] FLFE A|Ho] EH{carthworm mea)E YR8} E o A& Fornt =
& ARAge HuRRew, o AHo] EAE THNe DuAs ke 4T} A T
39 olvlmgel BF 58 T2 AZAD] S LB lsined} ZHE oRE
methionine, cysteine, phenylanine @ tyrosine®] @8 2 AlR & 7| &AL FIA|F|= glutamin
ol N dde FHor BN OH(EFF, 2004), 71 9 IFAWA4Hlong chain
fatty acids) R FH-8 mld|E §H Yaqub, 2008)2 B} AlE B AR} A HriEe o
§ F9 shpolh mapA o] R HokAe 2449 e FAT A4 ol A
ALE AT Yaqub, 2008). g Zhorses), ZN(dogs), 1] (cats) R E7|(chinchillas) 52] w4
FES o8¢ d=E Aol U(carthworm powden)®] HIE 449 =Eo|X| 7 o|n] AT
B3 =gtk Mclnroy, 1971; Antonello, 2007). ©]F A& 400kg?] Whorses)S o] &7 =¥ o]
Fe) ke 99 39 A% £29 7o, 3 UL AR 279 01-02%0] ke
Fe] AFo] Bae] F9F Thorses)s] SKFe] F2)% F7} Fol HaFHolH IY Alw
AFF 7 Wi FLFY AHoED Frlx KA AA7) 31E 7Hsdo]l AeE AA
STk Wb B ATdAE ZAH 5 nddN 4RHoE B4 S5 % Az
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W3l WE LS B FGA HoHg S = A (broiler) B A A (layenE 0] &3 A
o] EH(earthworm meal; EWM)&] ALE 7 ol Hag 43 7w ¢ ALEE 249
712 3}gEct

1. AFole] dubdE EA(¥A AEdeEMY 7154 # vla

Table 2 AYo] FAS) B2 Y AFo] B olrlt 4] sl EAF 23}
& Uehigit A®ole] EAe ti= 237} FELE FAH S & 5 e, A
E7|=0o g YalAo] 62.7%, A MNEE 16.0% 28 23 83take] 14.8%2 et} o)
F AL FASE opvindte] 2L T F FH Ul oen, 53 Agolr|ingle
glefo] o o]F FAALE A B3] F83F lysine, methionine, cysteine, phenylanine B
tyrosine2] w¥ B AR 7]5A4E FAATIE glutaming] o] AL E B A&
Rk Bt ol AF F)F 145%] AFHE vy FEe AN FHL
7H F J& 7FeAE AABIRT olH# AHo] FAE T AEY B4 d¥=
o] A9] Latsamy(2007) ¥ Yaqub(2008)9] BRI etE #A5 43S vehiA, A Fo)g AL
B3 F AHolg Hold & A Fo| A2 Wi Antonello, 2007)2] el e B8}
I FAE T FALY F9F Aole ge M5 E AAEFIY

Table 2. Chemical composition and aminc acids contents of earthworm meal

Item Item
Chemical composition Alanine 8.71
Moisture (%5) 723 Valine 8.06
Ether extracts (%) 16.0° Isoleucine 6.70
Crude protein 62.7 Leucine 10.70
Ash (%) 14.8° Tyrosine 344
Amino acid contentsa (%) Phenylalanine 5.06
Aspartic acid 10.74 Lysine 6.87
Threonine 4.40 Histidine 2.57
Serine 378 Arginine 532
Glutamic acid 15.28 Cystine 0.94
Glyeine 6.32 Methionine 1.11

* All values are expressed on a dry matter basis.
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2. AY|EHEWM)S A717F &4 (broiler)8] AaHgdl mRe %

B d7aAes 7439 87 Arbor Acre Broiler F-ZP83 12048 37] A E]Fte] 4ukE-0
2 FAEAH 7| 2ARE Sea-UTE 32 AV|0-3F)E 2 A 21.0%, ME 3,200
kealkg AFEE, F7)(4-75)E 299 A 190% ME 3270kealke 459 ALEE Fo3t4th
A@7e d27 AT (EWM 02% H7h) 9 A 2EWM 04% H7hE R8st 2}
Z+o] AT 3054 wjA ST

Table 3. Effect of feeding EWM on performance in broiler chickens

Imitial weight | Final weight | Weight gain | Feed intake Fead / Gain Mortality

(® (& (@ (® (%)

(2™ 3" week)

Item

Control 177.1 828.7a 651.6b 977.4b 1.50 0.01
0.2 171.2 865.9ab 694.7ab 1,055.9ab 1.52 0.01
0.4 170.7 887.4b 716.7a 1,096.6a 1.53 0.01

SEM 11.2 28.7 223 37.9 0.03 0.01

(4th ~T® week)

Control 828.7a 2,211.9a 1,383.2¢ 3,170.3¢ 2.29 0.03
0.2 865.9ab 2,332.8ab 1,466 .9b 3,367.2b 229 0.02
0.4 887.4b 2,500.2b 1,618.8a 3,555.7a 220 0.02

SEM 28.7 67.7 319 353 0.06 0.01

(22~ 7™ week)

Control 177.1 22119 2,063.8¢ 4,147.7¢ 201 0.04

0.2 171.2 2,3328 2,191 6b 4423 1b 2.02 0.03

0.4 170.7 2,500.2 2,365.5a 4,652 3a 1.97 0.03

SEM 11.2 54.9 524 62.4 0.04 0.01
Values are means, a, b, ¢ ; P<0.05. (&5 el FH| 2003)

£ a7e AHo| £ A7t SAY A% € Al F dU%a o880 R 9%
& ZAKEL7] A AAEHA
Table 3:& R|#o] g 02 T 0.4%2] H7}7} A9 WA nHs Ggke] tHx =



AHol& ol &F AEA WY, APl A=s H AihEe kA4 i

Al Astoltt. &4 27] R FIAE Fo 25, FAF 2 ARHHFE 04% Ao §
@ AEFF g2 " 02% ASFEG Fo8tA FAFSHCHP <0.05). A FIe AR
87EF EHEL % Aolrt AFHA FTh

Table 4. Efficiency of nutrient utilization of diet by feeding EWM

Treatment
[tems Control SEM
0.2 0.4
Starter diet
Dry matter 7237 73.44 73.31 1.31
Crude protein 64.34b 67.36ab 72.26a 273
Crude fat 86.48 88.46 89.69 2.47
Crude ash 31.44 32.26 3451 1.70
Finisher diet
Dry matter 71.06 72.70 72.72 1.52
Crude protein 61.79b 63.47b 69.0%a 1.01
Crude fat 80.27 81.14 83.92 1.28
Crude ash 40.32 41.65 42.37 2.00
a, b P<0.05. (&A59 ZF 2003)

Table 4% R|FPo] £@e] {7} F971 AT G2 o] &4 e T HafA
ZAIG sttt £7 7] 2 3] AARFE S EF A Alge] dEA8Ee] Aol
€ 9A4HA g3t 2H U AARF A Z3E AL AP £2 AF 4 oA
718k Aol AAE AT AFo] B 04% 7Ll Alg F ZudA 43ge
AFo| £ 0%(W2F) B 02% FH7FFEG F231HA AHH AP <0.05).

AEH o2 SAALRY 04%2] AFHo] BEE F7IF AAEF A AT 2Ny o]
4858 RE3A AANAXP<005, AFE FEIA AHAE 7Heidel IAHALT

3. AHNEHEWM)Y A7t AEA(layer) 8] AAHA vXe 9

B aFoME 55599 24 QYA (HyLine) 36055 34 APTel WEOR 5F B
o} ZAEY} 7RAIRE &4 05 93 2aE 160%, ME 2,800kcalkg AFRS
Fofshgich. ARTE UET HT 1EWM 03% 7D D T 2A0EWM 0.6% A7H2
2R ZAzte RATF 12054 WA HY
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Table 5. Effect of dietary EWM on laying performance

55~56 ~57 ~58 ~39 ~60 55-60
Traits
Weeks ---
Egg production (%)
Control 79.72 80.44 7877 78.00 77.00 7895
EMW 0.3% 82.41 83.78 82.66 81.40 81.21 82.29
EMW 0.6% 81.41 82.98 82.43 81.64 81.56 82.01
SEM 0.77 0.83 0.80 0.95 0.90 0.85
Egg weight (g)
Control 63.23 61.30 62.37 62.56 63.27 62.55
EMW 0.3% 61.21 61.80 60.96 61.48 63.11 61.71
EMW 0.6% 62.83 62.00 60.77 61.72 62.47 61.96
SEM 0.21 0.14 0.26 0.30 0.20 0.22
Daily egg mass (g/d)
Control 50.4 493 49.1 488 492 49.4
EMW 0.3% 50.4 51.8 50.4 50.1 513 50.8
EMW 0.6% 51.2 51.4 50.1 50.4 51.0 50.7
SEM 0.40 0.42 0.37 0.44 0.39 0.41
Feed intake (g/hen.d)
Control 1412 1388 139.9 142.4 1446 1412
EMW 0.3% 138.6 141.0 143.2 144.4 141.4 141.7
EMW 0.6% 138.6 142.7 142.1 142.7 143.6 141.9
SEM 432 5.27 4.46 4.52 3.39 439
Feed conversion (Feed/egg mass)
Control 2.80 2.82 2.83 2.93 294 2.86
EMW 0.3% 2.75 2.72 2.84 2.88 2.76 2.79
EMW 0.6% 2.71 2.78 2.84 2,83 2.82 2.80
SEM 0.30 0.34 0.39 0.38 0.29 0.34

Values are means. (&3F, 2003b)

Table 5t ABEA BF 19 42T ARHAT L ARELE SFTY NG $
T AHOE U SS-0FFAAGF ST AL FARA K4 A%
92 FRAT 03% ® 06%8] EWM 747 BF PR F7bse A%l dFHN
ARk ATl Aolst AANA gkt £FEQBHE S-OFFAAG T
QAN Aol FE 02% Wb HE AREY F/E BF BRFY BFYF 4
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=AY wE P38 02%e] AFe] FUFHrt ARrt Q1L 7MeAS Hastgoks
ZZ, 2004). Pt op e} v ] Atg o] 0.5%] AFo| Fke] A ks o 6% A7 A&
TR} & AFEH dF9 V= B HoQtHA A, 2001). WS 24FES] E
719) AlrduAgon AFelRT A stedE ERH AT (Orozco Almanza et al,
1988). o]AF H|Heo] F @HAL ot FYo| T2 AEVL E=F FolM(Sabine,
1988; Latsamy, 2007) 58] 288 ANE EA7}L 18 AFo] Atz A7z
22 B8 ¢+ Atk SFRY A AWYLE T BT FFS EWM 03% 2 06%
H7V7 R HsiA 059-084g A% ¥ AFE UYEAA T 99 HF AFF
(daily egg mass) 0] EWM 03% 2 0.6% 7l &J8)A ZE71ale Ado] 914 H 0] 83
o2 o] £ 03-0.6% F7lel 3 A4 FRA 597 9FEGw & 5 AT 4
o]/ glutamic acid= AlR ] FH|E F3A|7]7] W&o ALRS] 7|54 FA4 BE HAF
o] F7HPeppler. 1982) 7}l A=At o] F o|FE £FT 4 F2AR/2003) K
A9 A A APe] AlRd AFolA AFGe] £ 02-04%8 A7le ARHAF
9] F71 A Alg o] vilE A5e FUME AF A4MAY S olfE, AHolfd v
A PR 2 EL glutamate(Table 2) 9 AlE 2] 4388 A Orozco Almanza et
al, 1988) W& Ao E FHFHE £ 7T & 5F9] A7 B¢ EMW FH7}
o & ALEAHTL AFAA 2, 3 D 4FHd), AAZERL A7 BEAAHQA K=
AAQYR] AT F7} B MG AT dFHIAG

V. X|IHO[REHEWM)2| HVIZ MMzl HZte| M= H
ASZEE ARe| e do] njxX[= FE

HEAY A i Aot A7t A mElA wss] 21471 7157 4Ee] 7]
FE2 5T Folghe Bik Rl X 99HU 52 dolA AA7e2E F
9] 715z HuALE A 4FF AoFe] ERHAAT @80l ASHAAL A=
FZ. 2008). BF ol &5 FAMNEAMEE ol gHARE FATE FAFE 59
7] f8i4 AHSFHo A& HES T AFE FA FYAE T2 AATAPAA o] &
g T e S AARATHA F 599 FA A= AE g3 rFEAFe] A0
B8 HETEAY T 40AA BAA BelE HAE = e HEAR R A
T F ol loAgks FAZE 2AE LA dE AL EHL=R o]0
7Fed-E 7HAE AAM AZOIERZEWME o|83)A A A5 Alge H49
AEE vi¢ F88 72994 -8 53] £ a7 o8-8 XFo)Y A4A 7 AF
o8] Hol& AL vge] Eg ALtk dRFHOo 2 Yol dd AV AFTHES ¥
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o] AT £3AZ] F FHEER vl&3= 43 FHE /A= FEZ £ A7 9
|8 AF ol A F3 ARE o] &3ldA A4tA AFololct Bl opF} o]
g Aol 43 R QM AFol= Hol A wepA Fo] 472 d FHE @
2] 3} (Antonello, 2007) HIS Blo] Fd v]Fo2 XTHE = Y= FFHFYAAE AFH |9
B o dge s £ZF rlgAdo] EokScheuhammer, 2003).

2 a7 Ao REEWMSE o}§&3taix] At AR Atzdd 4 Asd
AT FFEEHE B3l A o859 dAAS FHenA AT

B @7 e 555H e 24 FBFA|(Hy-Line) 36058 37] AP 49802 55 F
g FA)ETHTable 69 At m & 7057 o] AFA, 005 FA3tH AT 0.2%] EWME
718 A ARARE S4aUlRe 95 T 160% ME 2800kalke RS
T3 AlRTE dET, AHo| &% 03% & 06% F7t FHE Tt 42ke A
g3 12054 A 23t

Table 6. Effect of dietary supplemental EWM on the fatty acid composition of egg yolk

Fatty acid 0.0% 0.2% SEM t-test
C14:0 0.31 0.30 0.30 NS!
C16:0 20.19 2291 2.01 NS
Cle:1 5.70 498 0.41 NS
C18:0 8.31 727 0.45 NS
Cl18:1 42.41 2533 578 *
C18:2(n-6) 15.20 2546 2.00 *
C18:3(n-3) 0.22 318 0.59 *
C20:3 4.56 3.99 1.00 NS
C22:1 0.01 ND® 0.01 NS
C22:5(n-3) 0.01 ND 0.01 NS
C22:6(n-3) 1.36 4.01 1.77 *
Total 98.28 97.43 0.89 NS
USFA’ 09.47 00.95 0.73 NS
SFA? 28.81 30.48 0.54 NS
USFA/SFA 2.41 2.20 0.07 NS
n-6/n-3 9.56 3.54 0.47 *

Values are means of 5 egg yolks. (£=7F, 2004

"NS : Not significant, *ND : Not detected.
*USFA: Unsaturated fatty acid, * SFA: Saturated fatty acid.
*P <0.05.
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Table 6& EWM 02% 718 AR & 4AF T 438 A dR39 APy 24
UERAQLTE EWM 0.2% H7te] Sls) wgFol 18:10] H-2)8kA] 228t AHP<0.05), ¥
2 182 & 1838 §98HA Z/FFETHP<0.05). $H EWM 0.2%¢] H7}= Qla|A v
Fo| DHA22:6) HI&o] #2317 Z7FtAchP<005). et I8 Fol Tapxate) u)
& 9 BEIAAWY HgL A Trhe] Fol AFE R Gtk FAOS WHOo| A A%
SHe SRA 718 ol EQ A 2L 639 HIZ} 10:1-512 AU, B4
NAE 4:1-10:12 FAS ] lkHirata et al, 1985; o]z}, 1994). B SAF-o|A) 0.2%2]
EWMS] 87}2 9829 n6n39) ¥z} ¢ 41 A= 2T L BFQ ARF9 101
(7% 5, 197K ¥gkt) ok Yo BAE TASE LI L TR wulY
FH(Yqub, 2008)0] AT AAE 183 D 226 AWke] FFEIATAL F37 580 RS
o HPA ARl EWM 02%9¢] H7He 43g 2 983 nohn3 ¥ES AHAL 75
Aol AF= Ak

Table 7. Effect of dietary EWM on physical contents and egg quality

Traits 0.0 0.3 0.6 SEM

The physical contents

Whole egg weight(g) 62.00(100.0) | 5895(100.0) | 62.52(100.0) 1.17
Egg white weight(g) 38.49( 62.0) | 36.82( 62.5) | 39.20( 62.7) 0.46
Egg yolk weight(g) 16.17( 26.0) | 14.75( 25.0) | 15.44( 24.7) 0.16
Egg shell weight(g) 8.09( 12.0) 7.38( 12.4) 7.68( 12.6) 0.09
The egg quality
egg shell thickness{um) 403.50 406.00 415.00 6.78
egg shell breaking strength(ke/cm® 297 3.19 3.29 0.15
egg volk color 9.90 10.30 10.50 0.22
egg white height 7.15 6.79 6.51 0.42
egg shell color 3325 34.35 33.50 1.67
Values are means. (&35, 2006)

Table 78 EWMS] 7t & A& 39 94 44 R A& AL vaste ve)
At Ad FA g4 =84 2 @92 ¥34F 9 FAe 44 AL FAY 2.0~
62.7%, 247-26.0% B 12.0~12.6%2 AR on, o]5e] 1t ukAq] A 3
244 Z UEiL JAK[ATHUIR FA S, 2005). AR 397 2L EWMe] AT}l
e} fo @ Ael= AFHA FAT

A FHE AR 2HE FAHsHE T8 8%00] =Y, HFLE2H9 7IAE T4
N71eH % W< Z a8 THLessonT Summers, 1991), AH@A] AFE6] EWM 03-0.6% A7k
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H2te] Fx, 54, A B A AN TE o] Table 6& F3fA H4H oA o] £
# Ao FAE TSk TR vE R ZFATI0] dEE 3 A= 4G Ho
K Yaqub, 2007). 28yt EWMS] F7F B A/t F719 webr whfa(egg white
height)y= A= 7] AA=A A Table 83 Fig 2914 1ieldl EWMe] 71
o HUs9 2 EWME] A7l miatA 3 AF1dA A= 2felrl AAHA GHAT
Ad F Azlo] F7HE, S HUs & EWM H7171 vl 270 vsA mE 32 FL
velllol EWMS] H7He Ald AdE B ERAE ¥A & A E AdE oA
Eg EWMS| ¥7to] whE dvlme] i) HUs 3o ME Ak #Ad4ol A& 714
& FE3 AzHAAL, o1F o] Fopo] diE TA HQ REAH AAHE F714Q0 4
Tage] 7oA.

Table 8. Effect of dietary EWM on egg quality(haugh units, HUs)

1d 8ds 15ds 22ds

Traits
0.0 03 06 0.0 03 0.6 0.0 03 0.6 00 03 0.6

HU 102.5 | 101.6 | 97.8 839 81.0 80.5 775 | 690 | 66.4 | 684 | 626 | 626

Values are means. (#=%%, 2006)
1200
1000
500 0.0%
HUs 60 W 0.3%
D08%

400

200

0o

1d Bds 15ds 22ds
Starge period

Fig. 2. Effect of storage period on haugh units(HU) change of egg fed a EWM powder
suplemental diet(22%fS, 2006).
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Table 9. Heavy metal concentrations of EWM and egg

As Cd Cr Hg Pb
The EWM

Traits ppm

4.41 1.23 118 ND 3.39

The egg

0.0% ND ND ND ND ND
0.3% ND ND ND ND ND
0.6% ND ND ND ND ND

Values are means. (&35, 2006)

Table 10. Heavy metal concentrations of EWM, Meat, Liver and Kidney

Traits As Cd Cr Hg Pb
EWM 4.41 1.23 1.18 ND 3.39

0.0% ND ND ND ND ND

Brest 0.4% ND ND ND ND ND
0.6% ND ND ND ND ND

0.0% ND ND ND ND ND

Thigh 0.4% ND ND ND ND ND
0.6% ND ND ND ND ND

0.0% ND ND ND ND Tr
Liver 0.4% 0.21 0.31 0.21 ND 0.32
0.6% 0.78 0.22 0.96 ND 1.02

0.0% Tr ND Tr ND Tr
Kidney 0.4% 0.48 L.67 0.64 ND 1.92
0.6% 0.81 1.32 1.12 ND 2.00

Values are means.

Table 99} 108 A}EZ EWM & 03-0.6% H7} Fo= 54t A Yoo Z4|Fd] ASH:=
FElFFEol AdH A% T A& AdRE ZAE dIeltt
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FEeTG 2P0 7IESAEY F5 & MGRA dE APl & £
L ZAGE 7oA E=4 SR AT As, 36.00ppm, Cd 1,45ppm, Cr, 19.40ppm & Pb, 13.25
ppme] ASHJ BTt 7150] ofmg ZoA YAHE AlRE HFI}AEA A
o|7} oA §{AH =ZHAEA et FEH9 AE At 29 £ AT EY
% 7€ B A714H71E9 #HF AuAR AFole] B Foe FEE0] £35ol2
7V o] Ad7EAHES FiA Eva AdEed AH o7t AEshe EYEY pb
o] 19ppmY S AFole] B Fole Pbel o] H 865ppm7tA] A oA k=
ZAFH 3(Scheuhammer et al, 2003)8} o]#E QAR E 8740 APol& FAoz A7)
7k e =84 (Woodeock)e] A7]dA a0 $32 7FsAdxE BatE QoK Carpene
et al, 2005). F3&] X|Ho|& FAog 3= kB9 FR(Woodcock)d] ¢, Cde A3,
Cu ¥ Tex 7H3e]| FE F2o] Hm(Carpene et al, 2005), Pbe= WFo] Be] SHHAT
(Scheuhammer F, 2003)x= Har} glon, A5 oA = FF4Y F2 AHole] Ho] 4
%9 FE5FH A0 AAHA IS ¢ F Atk FH Stoewsand F(1986)2 Cd
3ppmo] HE2E EGAAM AET AHo)E vF] Almd AE 7ELR 60% Fx A8
o 653 FAF A3 wFe Y Lere C7t FEHA BT sifern] £ HiioA
=, Ao o] 8 A FHO|BEEWM)ZE AS, Cd, Cr 8l Pb7} 2het 441, 123, 1.18 ¥ 339
ppmo] AEE QA THTable 9), X Pl T 0.4-06%F 5657 F§ @A 2] AP Table
9 2 FA¢ 71ESH HEE{Table 100 A& feA AAE 4717 {3 F55 HEH
A gtk 28y SA419 A7 2 e 9-T AFE JHA AR oA AP
o|EWEWM)E] 65318 FHE QIsiA A FFE] AFHYTHTable 10).

AEFHo R & 479 e {7 9 AA Y AR A ALRE Fol] 0.4-06%2] A|F
Ol EREWM)E] H7t= A5 AT #3l FI50 FAHSHA gold P F EWME
Hi A4E A" L A8 S50 4HE seidel les AARERIG

dEF R Y 8F I JAAT AQEA WIE 7isieA Q1S HF fo@ oy
AE Qg AdoA] ¥ AR Fol#ar & 4 ok 2y AFFH FHET
2 Ade] HEo $4E AZst= @3 IS AdLHE EFoIRet 7Y F
7tk ClEolM TP S vk 43U Ao |UTY ZFsiA Ledr] AlFst
frt £88 FYFFE FAHA ¥e 9 a3 vHE RARS ¢ give 39
A4S AT BFEREY FYUol AA, ALKHoRITE AL AF3] FAH Ao
ot BFEEY FHol AHolE F& Aol T Y EH]UTE £ Tl A7 o)
g 08§ 715EY o]&, ol& FIA ALE AH)E AL AIRHeE e 4F 4
& B FREEY SAMFER SN A7 ele E§ 7S AASIEY F d
T FL 977 9453 0E o|Fo|AA et BFEEF FTAFET F4hd A
Holo] #go] Z dgtez AHEIE JdFch
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