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SUMMARY

Part 1. Study on nutritional approach to produce the low cholesterol egg

Experiment 1 was conducted using 250 Lohmann Brown layers (50 week of
age) to evaluate the dietary effects of probiotics and natural product on the content
of egg yolk cholesterol. The layers were divided into five treatment groups and
fed commercial diet or experimental diets containing 1.0%, 3.0% garlic powder or
0.3%, 0.5% probiotics for 8 weeks. No significant differences were observed
among groups in egg production and egg qualities. Haugh unit in groups fed
probiotics was significantly higher than that of control. The contents of egg yolk
cholesterol in groups fed diet containing garlic powder were reduced by
13.5-20.0% as compared to that of control, but not significantly. The expression

of VLDL receptor mRNA was not influenced by dietary treatment.

Experiment 2 was conducted using 210 Hy-Line Brown layers (563 week of
age) to evaluate the effects of combination feeding of probiotics and essential trace
minerals on the content of egg yolk cholesterol. The layers were divided into
seven treatment groups and fed commercial diet or experimental diets containing
oligosaccharide, probiotics, selenium and copper for 6 weeks. There were no
significant differences in egg and eggshell qualities between groups. The contents
of egg yolk cholesterol by combination feeding of probiotics, selenium and copper
were significantly reduced by 14.7-23.5% as compared to that of control. The
expression of HMG-CoA reductase mRNA was significantly decreased by dietary

treatments.

Experiment 3 was conducted using 280 Hy-Line Brown layers (60 week of
age) to evaluate the effects of combination feeding of probiotics, natural product
and essential trace minerals on the content of egg yolk cholesterol. The layers were

divided into seven treatment groups and fed commercial diet or experimental



diets containing probiotics, garlic powder, selenium and copper for 6 weeks.
There was no significant difference in egg production between groups. Haugh
unit in groups fed diets containing probiotics, natural product and essential trace
minerals were significantly higher than that of control. The contents of egg yolk
cholesterol by combination feeding of probiotics, garlic powder, selenium and
copper were significantly reduced by 13.5-29.8% as compared to that of control.
The expressions of HMG-CoA reductase and VLDL receptor mRNA were

significantly decreased by dietary treatments.

Part 2. Study on the production of high quality egg enriched with beneficial

nutrients

Experiment 1 was conducted using 350 Lohmann Brown layers (67 week of
age) to evaluate the dietary effect of organic or inorganic selenium and copper on
their transfer into eggs. The layers were divided into seven treatment groups and
fed commercial diet or experimental diets containing organic or inorganic
selenium and copper for 5 weeks. No significant differences were observed
among groups in egg production and egg qualities. The contents of selenium
levels were linearly increased as dietary selenium level increased for both
sources, but selenium content from groups fed organic selenium slightly higher
than that fed inorganic selenium. The sensory characteristics of eggs were not

influenced by dietary treatments.

Experiment 2 was conducted using 160 Hy-Line Brown layers (38 week of
age) to evaluate the dietary effect of supplemental types of lycopene on its
transfer into eggs. The layers were divided into four treatment groups and fed
commercial diet or experimental diets containing 10, 20 ppm synthetic lycopene or
1.7% tomato paste for 6 weeks. The yolk colors were significantly improved by
dietary synthetic lycopene, although there were no significant differences in
eggshell qualities and Haugh unit. The contents of lycopene in egg yolk and liver
in groups fed synthetic lycopene were significantly higher than that of control

group.



Experiment 3 was conducted using 240 Hy-Line Brown layers (50 week of
age) to evaluate the dietary effect of supplemental levels of types of taurine and
carnitine on their transfer into eggs. The layers were divided into eight treatment
groups and fed commercial diet or experimental diets containing SLP, synthetic
taurine or synthetic carnitine for 6 weeks. The egg weights in groups fed diets
containing SLP or synthetic taurine tended to be reduced. No significant
differences in eggshell qualities were observed among groups. The contents of
taurine in groups fed diet containing synthetic taurine above 0.04% were
significantly increased than that of control group. The contents of carnitine levels
were linearly increased as dietary carnitine level increased. The sensory

characteristics of eggs were not influenced by dietary treatments.

Experiment 4 was conducted using 120 Hy-Line Brown layer (52 week of
age) to evaluate the dietary effect of various levels of folic acid on its transfer
into eggs. The layers were divided into four treatment groups and fed
commercial diet or experimental diets 2, 10, or 50 ppm folic acid for 6 weeks.
The yolk colors in groups fed diets containing folic acid were significantly higher
than that of control group, although there were no significant differences in egg
production and egg qualities. The contents of folic acid in egg yolk were not
increased by folic acid supplementation. No significant differences were observed

among groups in the sensory characteristics
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Table 1. The development of value—enhanced egg production

A W& AN EA
1930| AR 22= VIR AR 20= FFE S7F () Sosaki %
Lo51| AR SI% AR vlER By, £3 F7b (A1) Denton &
1061 | AHES @l ARy wlER A $F F7 (v1F) Hill %
1063 | 7T VIR By S Ak (w5 Polin &
1965 | AW BIERL E 5 A8k (7)) Bortor &
1968 | A BIERY] By & 738} Jeroch
Lo | AR wele® FE 4 (m) Brewert
17| SL= ARl s AR e EA (AR) 3
Joo| o= B Az 53 2 (@) {RMEl
Jogg | FIEFL E she rE e aa 24 (A1) $Fon
1988| 92 48k A 'PURIEGG'SH 205 el 4SS (35 [Felimele}
1988| 21713 A A3 ARAZ FRIT (97, B ea




A% 0§ A A
1989 | WIEF E. D, Bprt Z8he ge A H3F) Felupelo}
1980 | MiBBEA =7 o8 LT FA(A FBF) Feluhselo}
@ e} HEMY E7F Zetd dF ZHsHE As5E A
1990 | "Heartland's Best” A3t (v]5) C.REgss
1990 | S7h -3 A FBE Skt FA (B AEE:
Ao AAD FARDINA S5 EHI Az, aked | Tk A,
IO 41 =ete] 2z anA5el /8 A8 (87 whel 5
1909 QH|7}-3 A Wake] ZA3tE AP "Designer Egg” &4 ShHEl=H
ek, vl =, @) A4
1908 | Amdel el E s Gl e v FA AN () e R
ulzolol 2}
1999 | CLA A|¥4F 78t Al ALt (v]=, i) =2y o®
Aii &
SE
; oFo] 4 3
2000 | A& AT AL (L) o 3 A
ik
™
2002 | ATATE ol§F AZA 2T AT (27 stk
2002 | ehebr| B B8 A AL (3 LA
- - Biotech
2003 | Hi&E st A A (=) o] izufo] Q.

Table 2. The classification of value-enhanced eggs
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e © A D, E, By, By, By, WEEE

FFa skt FE=4 11, Se, Fe, Mn, Zn
A4} : LNA, EPA, DHA, CIA, ARA

W AgA s By FA, A=g, AAY, 015734, ZEhto]2] =
71 = ¢4, L-7I4 "
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Al A A ZUzdE AR S AT AR - dF AT

(A 1 Al-3A)

Lo gga 2 AR BEFTt AR 2A2HE el VAL 9 (2Y D)
AR D P

) A3 A=

NGB ZA ALESE o (F)Futo] Qo FFekon whEE 9.92%9

_H
e
i
R

T, 16.66%°] =M 0.49%9] =AW, 8.04%° 2AF 2 14.36%< 3% 5
3 2e AWARS TR ATh Probioticst (F)Aol BT ol A B o
AT, FROIF, FATE, FEHAT, LRF, WAT Sol £FE BFATA ol
2) 29 As
SFF - TS V22 o] thAalol Y A 2800kcal/kg$} 16.1%9] A 1d
i 7le Ggae] £ NRC 7319900 REE /2R Wgste] oz
ARE AHESG AT ARE BhEREe 2wy $F dAse] 1% 2 3% ¥
b Al e AdS AAIskITE (Table 1-13 1-2)
Table 1-1. Experimental design
Garlic powder Probiotics
,,,,,,,,,, % -
Control - -
T1 1.0 -
T2 3.0 -
T3 - 0.3
T4 - 0.5
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Table 1-2. Formula and chemical composition of the experimental diets"

Ingredients (%) Control T1 T2 T3 T4

Corn 62.52 62.52 62.52 62.22 62.02
Wheat 3.00 2.00 - 3.00 3.00
Lupin seed 4.00 4.00 4.00 4.00 4.00
Soybean meal 13.96 13.96 13.96 13.96 13.96
Rapeseed meal 2.00 2.00 2.00 2.00 2.00
Meat meal 3.00 3.00 3.00 3.00 3.00
Limestone 9.51 9.51 9.51 9.51 9.51
Dicalcium phosphate 0.55 0.55 0.55 0.55 0.55
Salt 0.25 0.25 0.25 0.25 0.25
Tallow 0.80 0.80 0.80 0.80 0.80
Choline-chloride (50%) 0.08 0.08 0.08 0.08 0.08
DL-Methionine 0.07 0.07 0.07 0.07 0.07
Mineral mix” 0.10 0.10 0.10 0.10 0.10
Vitamin mix® 0.10 0.10 0.10 0.10 0.10
Phytase 0.06 0.06 0.06 0.06 0.06
Garlic powder - 1.00 3.00 - -

Probiotics - - - 0.30 0.50
Total 100.00 100.00 100.00 100.00 100.00

Calculated value of basal diet
Dry matter, %

Crude protein, %

Ether extract, %

Crude fiber, %

Crude ash, %

Ca, %

Available P, %

Met+Cys, %

TMEn, kcal/kg

88.80
16.10
2.95
3.40
11.97
3.86
0.50
0.65
2,800

! Control, garlic powder and probiotics free; T1, 1% garlic powder; T2, 3% garlic powder; T3,

0.3% probiotics; T4, 0.5% probiotics.

2 Mineral mixture provided following nutrients per kg of diet: Fe, 48mg; Zn, 60mg; Mn, 72mg;

Cu, bmg; I, Img; Se, 0.18mg; Co, 0.24mg.

? Vitamin mixture provided following nutrients per kg of diet: vitamin A, 12,000 IU; vitamin D3,
3,000 IU; vitamin E, 21 IU; vitamin K3, 2.4mg; vitamin Bl, 1.2mg; vitamin B2, 4.8mg; vitamin
B6, 2.4mg; vitamin B12, 0.02mg; niacin, 15mg; pantothenic acid, 10mg; folic acid, 0.3mg.
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A 3Fe 8FA 22 ATs Fekste] F&Ent HE F homogenizer® WSS
A A Zol AR o]§stdorn, AOACE 4

1993; Mark %, 1996) % Folch W(Folch &, 1957)& =t ow, gas
chormatography (GC, Hewlett Packard packard 5890)E Ab-&3&to] W3k W Z¢ 2

= e A8

(1) Extraction
TAE W3 208 Hale] Az 20uje] M F3E Folch-$ 9 (chloroform
methanol = 2 @ 1, v/v; Folch &, 1957)& % 7}8F31th. Homogenizer (AM 77 model,
Nissei) & ©]&3te] 5000rpme 2 Ao 5%3F 23} 3 on, o3x(No. 541)
of Zg7|E ol&ste] APFEYN FEIAS YT §F FEI 2mls HAJPoH §7)
EAE A Centrifuge tube (Pyrex No. 13, 16mDeoll &4 24 oz H7|&0S

A FAE A AE ves S8

(2) Saponification
Aa 3ol o& f7] &ulE 3T FTAE S absolute alcoholdll A}-&-3f 3}
e of7]e 5% NaOH< Iml& F7Fsto] water bath(WB-1LEEx ol <)ol A 7
sk e & ARoA S AZ o™ hexane bmls H7F, 3%
A2 71 (HA-1000-3, ##E—pE %)l A 3,000rpm o= 1583 A8 392
H 2mle] AEFdS #3}o] Silanized® 1% centrifuge tube (Pyrex No, 13)°] 7|
al

Ao oz §718ME Az

o
(@)
=2
X
—
> N

(3) Derivatization
1ml®] dimethylformamideE centrifuge tubeol] 2] A& A]7]iL, hexamethyl-
disilane 0.2ml¢} trimethylchlorsilane 0.1mlS #7}8F & &85t A0 1583
w281 21| internal standard(0.1%6, 5a-cholestane/heptane)®t & 10mlS H7F &
Fatdvt. AR 7oA 285, 3,000rpmo 2 A EEE & F FFAS AMFH st

microvialoll %% t}.

(4) GCE ol &% ZFe=HE 4
30mx0.25mm idx0.25um film thickness(SACTM-5, Supelco) fused silica
capillary column¥ detector FIDE 723 GC(Hewlett packard 5890 series II;
Hewlett packard 6890 series injector)E& ©]&3}o] A&t} Carrier2% helium
gasE o] 83, 27 229 HEF 2xE 280T, detector %= 300CE A A5}

Atk
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ul) HMG-CoA reductase ¥ VLDL receptor®] mRNA @& &

(1) A 8=
A 8F FTaA ZAT JA A FFe] AF-E 2 FH S} diethyl pyrocarbonate
(DEPC, SIGMA Aldrich, USA) A 2]3 BeA gz AHstn dAdLrz 55 4
EN 71 Fo deep freezer (-72 T)oll A B #3l¢d).

(2) Total RNA F=
RNA®] F%2 Chomczynski®t Sacchi (1987)2] acid/guanidinium/phenol/
chloroform® (TRIzol® reagent, Invitrogen'™, USA)S $&3le] 71 %z o2 HE
total RNAS FZE3F3ith Total RNA F%9 d 342 RNase free condition®] A
Z1 2 = et

(3) RT-PCR

23 total RNAE DNA contaminations WA37] €138k 8 nlel total RNA
of 1 w0 DNase(RQl1 RNase-free DNase, Promega, MADISON, USA)®} 10x
reaction buffer(RQ1 10x Reaction Buffer, Promega, MADISON, USA)E ¥ & %
37 ColA 1A%+ E<¢t incubation 3Fe] total RNA W DNAZ AAZ T 1 we
stop solution(RQ1 DNase Stop Solution, Promega, MADISON, USA)¥} 3&7F W&
3o} DNaseS 843139 th. Accupower® RT-PreMix (Bioneer, Daejoen, Korea)
2 o] &3} complementary DNA (cDNA)ZE 3439 th Reverse transcriptione
2.0 1g9 RNA template?} 2.0 pg2l oligo(dT)is primer (Bioneer, Daejoen, Korea)E
= Ry 50 W=, cDNA &34 (42 T, 60%)3} reverse transcriptase =34 374
(94 C, 5¥)oz FHH A

Housekeeping gene?l glyceraldehyde-3-phosphate dehydrogenase (GAPDH)<$};
HMG-CoA reductase®] primer?] sequence¥ Table 1-3¢| YER ST

dolxl ¢cDNAE template® 3to] PCRS G383ttt 05 e Tag polymerase
(5unit/ut, Takara EX Taq"™, Takara EX Taq'™ polymerase, Takara, Japan), 2 ul
°] 10x buffer (10x EX Taq™ buffer, Takara, Japan), 2 x02] dANTP mixture (7
25 mM, Takara, Japan), 1 pg2| template, ZZ}2] primer 1 pg (25 pmole) ¥ 135
wel 37 FHRTE T8 TFste] F 20 we] vES 3= PCRES A AISHA T

HMG-CoA reductase mRNA®°| 3t primeret GAPDH mRNA9| W3+ primers
AbEet JF4 PCRS &3l DNAE %35l 1.7% agarose gel (Takara, Tokyo,
Japan)ell A A7) %S 33Utk DNA marker®t #7]9% % DNA bandZ H]

Y
W3sle] target gened S Feld & image analyzer (Bio—capt ver. 99.4, Vilber
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Loumat, France)& A}-&3lo] GAPDH®] DNA band®] optical density (OD)%k3}
HMG-CoA reductase OD#ts =432, GAPDH® DNA band®] OD#koll ot
HMG-CoA reductase OD#ke]l Aofzko = Hlu, ZAFSFA U

Table 1-3. Primer sequence of GAPDH and HMG-CoA reductase

Gene Primer sequence Pmd(lllacl;t) size AFoIé%al Cycle

Sense  AAGCTTGTTTCCTGGTATG
GAPDH 264 55 25
Anti-sense AGTTTCTATCAGCCTCTCC

Sense  ACACGCTGTATAGCAATCC
HMG-CoA 157 63 40

reductase  apti-sense CCGTCAGTTCTTTATCCAA

Sense ACCTCACAATTGATATTGG
VLDL 161 55 40

FECePlor  Anti-sense ACAAGCATGTTTATCATCC

! xwmm nEsg 79
of me WsE x4

BN

>,

QL

2 ol
F

o ©
=

sk,

6) A =4

RE dojA Ao thi FA AL Statistical Analysis System (SAS, 2002)¢]
General Linear Model (GLM) Program= ©]&3}o] A& EAHEA A o] &
el Foxt7t 1A= W Duncan® multiple range test® o]&3to] 22719 #9
& 7439 tH(Duncan, 1955).

=
=
—
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Table 1-4. Effects of dietary probiotics and garlic powder on the feed intake, egg

performances and liver weights of laying hens”?

Control T1 T2 T3 T4
Feed intake, g/hen/day 138.2 136.9 1385 137.4 137.6
Egg production, % 81.2 74.1 789 75.1 76.0
Egg weight, g/egg 66.0 66.2 65.1 67.1 65.2
Egg mass 53.6 49.1 514 50.4 49.6
Liver, g/100g BW 1.97 2.19 2.23 1.94 2.13

v Control, garlic powder and probiotics free; T1, 1% garlic powder; T2, 3% garlic powder; T3,
0.3% probiotics; T4, 0.5% probiotics.
? Mean (n=20).

2) vd @ drpEel] MAE 9

AR AE 0 ARA D shsRwe] Wrbh v Rz
tal Table 1-591 A5}

UARE, GAEA L dFA AL A 2 Aolr} gl AoE vehdo

v, AdAet vteiRdS Fo el wel Haugh unit7b F28tAl S7FstAY F7138t

d

14

s

3

ofk

o

= 4TS JERRATHP<0.05). tFERTS 3% FEo® Foldld T2 Ag oAM=
gz 9 T1 Al Fel vl& Fo38 #o] glo] Triste 43S Bl v, A A
Ho] (T3 2 Tl A E dAHA thFETFo vl&] Haugh unit X7 5984 S7}
st Aot #EE Sl
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Table 1-5. Effects of dietary probiotics and garlic powder on the egg and

eggshell qualities in laying hens”

Control T1 T2 T3 T4

Eggshell strength, kg/cm” 3.27 3.18 3.07 3.23 3.13
Eggshell thickness, 0.0lmm  36.71 36.76 37.78 36.25 37.20
Yolk color, R.C.F 8.26 8.22 8.18 8.22 827

Haugh unit 71.38" 71.80° 72.55% 74.41° 74.18°

v Control, garlic powder and probiotics free; T1, 1% garlic powder; T2, 3% garlic powder; T3,
0.3% probiotics; T4, 0.5% probiotics.

Means within the same row with no common superscripts differ significantly (P<0.05).

a-b

3) Ao} o] WAL 4
EA AR W BTA R vhEREe A7 29 W F2A2dE FE, GOT
% GPT $40] v1x1= 9ol ths) Table 1-69 A3k
ol mste] ARASE ThEE RS Fold BE Al AF F ez
FEF R BasE AFE iAo, #9% Aol muad %54

. o

Azl & Apel7t gllow, GPT FACAM %= tha
Azl froldh Abol= AAHA skt A A A =
Z

i
(ol
)
@)
.%
o
o
o >

ob

) A& ad

ol g% =tl(Lumeiji, 1997), ol& &4 S AAF 2 & A 2325 H

Fevhd AtAs vheEEe] o7t A or #AAQ 9FS dEHlA = &

Ao AZhe

METd % ks FEES w5 oy AN dF EdUEEe] Wl o
A= ANtE Adso] HuHAAY Reddy (199D whsfo wof Fo 84 2
d2EE o]l WakehA ehthal sl ey, Qureshi S(1983)2 vk FE&&
o3k AANAM dF ZulAEHIEC] 30% ol AT Eisiit e Te
Holgh FAF AT e vhE T H7F ol wet vidstel 43 ZdUsHE] 3
28 tHChowdhury &, 2002). ol=lgh A3te] Aol= whzo] A 34 Fol A
S B3I sk allicin 5o 4 G=ol FH-5-¥= <ot
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Table 1-6. Effects of dietary probiotics and garlic powder on various blood

profiles in laying hens"?

Control T1 T2 T3 T4
TOTAL-C, mg/dl 125.88 115.29 113.24 114.61 107.53
GOT, U/dl 146.76 168.50 147.30 139.97 155.58
GPT, U/dl 11.94 7.58 8.88 9.37 9.20

v Control, garlic powder and probiotics free; T1, 1% garlic powder; T2, 3% garlic powder; T3,
0.3% probiotics; T4, 0.5% probiotics.
? Means

4 A E W FezEE d ¥
AEA AR W Al 2 oeba e HUF A" 2 3l U sHE el

n) x| d&ko] t)s] Table 1-7¢] = A13F%Th

gl vAE o

oot

O

hEREE FoAF AT T2)o0 M= ol vsf ¢ S =eE 3Fdol
daste Aol BEE] JeEp o, AIREe] Welzk AN AR {3 Aol
o= maehA Xtk T1 R T2 A2lyeld A7t 5o F+ ¢ f 2~
He d5> dddom 135-20% A% #4% Aoz yeyrh 43 3524
tiztek Al Apolzh fll ot Al el (T3 5 Th)elM = 8FAke] b =4
ZHE gl vzl vlel tha fhaske Aarh fFEdG. 4 Ul SHSHE
e Aol wE FdFel fle AR HER

ThEREE F AdATE T dFelM FE e aEEe] feod gavt
A=A, Chowdhury 5(2002)& vhsE%E& o $Eo2 H7F A0S o
& 2 Aldlstel grashe Ade wEsdn

o
2

]%]_]: T

= 1.0% FTo= Fgog A3
==

5,

1998). ¥FH Reddy &(1991) v}

2o rm
(r do oot -

A 714 ki sk B Ao 4
T fﬂz?-oﬂ 8 2 o 20/74x1 ﬂAo}L
3t

Fl
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Table 1-7. Effects of dietary probiotics and garlic powder on contents of egg

cholesterol in egg yolk of laying hens!?

Control T1 T2 T3 T4
3wk cholesterol, mg/g 14.72 12.74 12.23 14.01 14.68
8wk cholesterol, mg/g 14.41 11.34 11.56 13.70 11.49
liver cholesterol, mg/g 2.04 2.22 2.23 2.06 2.22

v Control, garlic powder and probiotics free; T1, 1% garlic powder; T2, 3% garlic powder; T3,
0.3% probiotics; T4, 0.5% probiotics.

2)
Means

5) HMG-CoA reductase 2@ VLDL receptor®] mRNA #&d o] nx&= g
2EA Als Wl A 2 ortsEREe] 77 HMG-CoA reductase ¥ VLDL
receptor?] mRNA &d 3 o] v = Jol| thal] Figure 1-10] 8 A8t}
AtAl 2 owpsEde] ¥y Folo whE HMG-CoA reductase= thz7oll H]3le]
T2 AgFoAM thih #astesE Aoz yeytow T3 Hr7bfolA E7hsls Aoe=w
#2212} VLDL receptorell ik AwtA] 2 mlsdde] 432 gle o
2 #FHAT. oo ik Bk AAF 7HdS drIfsiAE Wil B R #olE =
F2° mRNAS 2&S Aol & Ao AR HY

ot

T1 T2 T3 T4 Control

HMG-CoA reductase

Figure 1-1. Expressions of HMG-CoA reductase and VLDL receptor mRNA
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6) Al nEAC WA= T

Table 1-8&= AvtA] 2 vhsde] H7b7F Alghe] REAG] v
af LFER QAT

nEEE 3% 979 2E 7R 2 149 A 2] Haugh unit= thE7o H&
o3l koW (P<0.05), A FAFH(T3 @ TN E Haugh unit7} o =9
v &) Z7bsl= AES el At Alere] Haugh unite BE 7)7to] ARE4E A
et webA A AdEE dAdsts Ax7E 2 5 th(Williams, 1992).
Haugh unitell &2 mlxe 943 Qdas 28 BA A vH(Naber, 1979), HIEFT]
C, E % Aguyzz & Hdd dtstEde] b F4o] Ao =g dArke= A
T A7 B aEQtk(Keshavarz, 1996; Sahin %, 2003). ¥ A7 AoA Tx3 A
FAFAA Fitst JES FHste viERgS AEA AR H7F F99S W
o] AAE7F o & &4 1 v} Aoh(Lim 5, 2006). vk W9
absh Aol o8 Aol REAdo] FUkeE Aew AZtEM, A @A FIbrt

a o3

A 3
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Table 1-8. Effects of dietary probiotics and garlic powder on the change of

Haugh unit during storage at room temperaturel)

Control T1 T2 T3 T4
7 day 65.45 65.53 70.43 70.42 70.64
14 day 60.01° 61.81° 69.14° 62.85" 62.37°

v Control, garlic powder and probiotics free; T1, 1% garlic powder; T2, 3% garlic powder; T3,
0.3% probiotics; T4, 0.5% probiotics.

@D Means within the same row with no common superscripts differ significantly (P<0.05).
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2. MAEA B FRFEEY EFFot A FHUzHE ol A= FAEE 2)
7h s R RN

D) A8 A=

ANEZA AFESE S8ad
o 2Ey|o}o| A FFHESLT} probioticsE 1L
o, AT Fol EFHE =

rlo

()b 9 2
=

aoty B dgAolty FElv YagETYgF @ﬂ/‘MW ?H
AA FAE (CuSO4 - 5H0)E 1Al Ea3te] H7bsldon, ALg3 Algds 34
T2 o]l¢lel 30ppme @4, 70 ppme #H, 40 ppme FT A H 0 g

Fasta ek AdUES (F)olAutel oA FF el gt

2) A3 Alg

S - OFES 7122 8o gAY A 2800kcal/kg et 16.1%69] 2wkl 1¢
i 71 gAY 7S NRC 8731994 ¢ e s 7| 2AM 85 E wigste] dz=
AR E AFESEATH AT AlRd e &8ads 0.1%% 25 H7EsE 3 probiotics
0.3%, T2 100ppm, A#HY- 03ppm= FH7Fet T1A ], probiotics 0.5%, T2
100ppm, A# Y4 0.3ppm< H7F8k T2 27, probiotics 0.3%, 72 200ppm, A ]
Y% 0.3ppm= 7}k T3x 2 7, probiotics 0.3%, -2 100ppm, A # 4% 1.0ppm=
2 7be T4 2]+, probiotics 0.5%, T2 200ppm, A# Y3 1.0ppm< H7Het T5H
T 2 probiotics 0.7%, T2 250ppm, @Y 15ppm= 713 T6HZ+E F
AEe AASEATE (Table 2-13 2-2)

Table 2-1. Experimental design

Oligosaccharide, % Probiotics, % Copper, ppm Selenium, ppm

Control - - - -
T1 0.1 0.3 100 0.3
T2 0.1 05 100 0.3
T3 0.1 0.3 200 1.0
T4 0.1 0.3 100 0.3
T5 0.1 05 200 0.3
T6 0.1 0.7 250 1.5
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Table 2-2. Formula and chemical composition of the experimental diets"

Ingredients (%) Control T1 T2 T3 T4 T5 T6
Corn 65.52 65.12 64.92 65.12 65.12 64.92 64.72
Lupin seed 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Soybean meal 13.96 13.96 13.96 13.96 13.96 13.96 13.96
Rapeseed meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Meat meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Limestone 9.51 9.51 9.51 9.51 9.51 9.51 9.51
Dicalcium phosphate 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Tallow 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Choline-chloride (50%)  0.08 0.08 0.08 0.08 0.08 0.08 0.08
DL-Methionine 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Mineral mix” 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin mix” 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Phytase 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Oligosaccharide - 0.10 0.10 0.10 0.10 0.10 0.10
Probiotics - 0.30 0.50 0.30 0.30 0.50 0.70
Copper - 100ppm 100ppm 200ppm 100ppm 200ppm 250ppm
Selenium - 0.3ppm 0.3ppm 1.0ppm O0.3ppm 0.3ppm 1.5ppm
Total 100.00  100.00 100.00 100.00 100.00 100.00  100.00
Calculated value of basal diet
Dry matter, % 88.80
Crude protein, % 16.10
Ether extract, % 2.95
Crude fiber, % 3.40
Crude ash, % 11.97
Ca, % 3.86
Available P, % 0.50
Met+Cys, % 0.65
TMEn, kcal/kg 2,300

T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1% oligosaccharide
+0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1% oligosaccharide + 0.3% probiotics + 200ppm
Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + lppm Se; T5, 0.1%
oligosaccharide + 0.5% probiotics + 200ppm Cu + 1lppm Se; T6, 0.1% oligosaccharide + 0.7%
probiotics + 250ppm Cu + 1.5ppm Se.

Mineral mixture provided following nutrients per kg of diet: Fe, 48mg; Zn, 60mg; Mn, 72mg;
Cu, bmg; I, Img; Se, 0.18mg; Co, 0.24mg.

Vitamin mixture provided following nutrients per kg of diet: vitamin A, 12,000 IU; vitamin D3,
3,000 IU; vitamin E, 21 IU; vitamin K3, 2.4mg; vitamin Bl, 1.2mg; vitamin B2, 4.8mg; vitamin
B6, 2.4mg; vitamin B12, 0.02mg; niacin, 15mg; pantothenic acid, 10mg; folic acid, 0.3mg.

3)
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y-Line Variety Brown At&7] RS o] &3le] TUs W9 Jbgh
A 254 Aol Ao BF 7/ Al 3nEo = F 2105E Awsle] 253 duk A
I AR R AH[ALS F o™ penTd AbEE o] FASIEE AfuR 3 F A g o]

gotlon, 6573 ddS A

4) AV B
43 15+ B9 ADsact

W 3d 2 oG

4% 15 BUs At

) Al W ZeUzHE 3
A 2, 4% 6572 T8 A 4 Aol AR AlTs 7 Al A 2kt
S AFH3ske], 2+ W TOTAL-C, T4 X] v 21X A (phospholipid) & 7352,
534 W cholesterol ester, =4 A ﬂc"rﬂ =7 ~H Z(free cholesterol), 21X & ¥
Ak oju] 1+ e Ade=E E]r° FHO F71E AAsIA oM,
LA (1,500rpm - % 15m1n)0}°4 e AArh oA Aol
g% A7A BE(-20C) R#AeFATh Foleh 5(1957)9] WS &-83h
sAEE FESRLH, An (19979 WS S838te] IATRO SCANMK-6
TLC/FID analyzer, Iatron Laboratories, Inc., Tokyo, Japan)o. & 7+ 2 &34 v 2z
AAIEE o s A AT
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=

Oll
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A

A 3 g

mBL rlo I

rlo j&

X 401'

=]
o

ofv & 12 mﬁ& et

(1) FAH =
v 2 d8H g AP FEFE Folch 5(1957)9 Wl 7]x3te] a3kt
Folch &% (chloroform : methanol = 2:1, v/v) 10mlo] & = 7HZF 1g& 3]
gol&4= 108 &4) 05ml¥  WHHEEFE2(0.1% cholesterol acetate in Folch
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solution) Iml& ZH7Fstdth A-ollA] 533 #A8gt & o %] (Whatman No.541)
£ ol &3] AFadrt. @A AAE 98 dolF Imls H7bete] £3Fg & 9
A E2 2 71 (HA-1000-3, Hanil industry, Korea)el A 4% 2](2,500rpm=10min)3F 3
aspiratorZ o] g3te] FE=HZ oA AL, 32 NARE AN EINE o] 85
A HEAZAT B F Folch solution 1mlg H7tste] Ag8)d 5 o=
o7 ARgaFith

Zo

"

(2) AAEEe] 9
ZFZ NS microdispenserE ©]-83F9] silica gel chromarod(CHROMAROD-SII, Mitsubishi
Kagaku Iatron, Inc., Japen)oll 1x5 spot st Al 1 H7H-& % (hexane : diethylether :
formic acid = 60ml : 10ml : 0.1mDe] Sojgli A= WA 9emel ol 74 17
AAAZAIL, 60T Zato] SEBA 283 AzxAZY. Ax F A 2 ARE
(benzene : hexane = 40ml : 40ml)o] Eo1d+= A7ME oA 10cm =ol7hA] 2%}
AMAZ F 60C 7AZ7|o A ThA] 28-7F 7 2 A o

(3) IATRO SCANE o] &3t A A& #4
1, 22 ANS S8 Ea¥ 2 AEEEE JATRO SCANS o] &3&to] #2433
t}. IATRO SCAN9 B4 ZAL Table 2-30] e uvl9} 2o},

(4) 7t AARE e A

IATRO SCAN®] FID& ez A7) wjiEed A
Ne Aasy] A8 =49 WAy o RS dud AFae f4skdn 4 A
3 AR FAE A8 =AHI T Estar o]E Folch €9 (chloroform

oh
ol

methanol = 2:1, v/v) ImlE &3A AT AEH EFEFARLENY AHAE T=c
=

Table 2-4°] Yelyigdtt FFEFAELAS 9o Wy FUsA Fdsho]
3 g

chromatogram< AUt A EH WEEEZEZDY peak HAHH (Ax/As)E 3
AR WEEFEADY] FTH(Wx/Ws)E F3lg o ofgel w2l upe} 7+
2 FHo] 7t AHAEHo FqFS AAtst

Bl Fmg/g) = (Wx/Ws) x WFEEEd(mg) / A E(mg) x 10
274 Wl FFmg/d) = (Wx/Ws) x WFEEED(mg) / A E(mg) x 100
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Table 2-3. Analytical conditions of TJATRO SCAN

Operation condition

Stationary phase CHROMAROD-SIIT
Mobile phase 10ml
1st. hexane : diethylether : formic acid 60ml : 10ml: 0.1ml
2nd. benzene : hexane 40ml : 40ml
Hydrogen flow 160ml/min
Air flow 2000ml/min
Scanning speed 30sec/scan

Table 2-4. The contents of each component in standard solution”

Cho.E Cho.A TP Cho PCD

mg/ml
No. 1 12.00 1.0 7.50 2.00 12.50
No. 2 6.00 1.0 3.75 1.00 6.25
No. 3 3.00 1.0 1.88 0.50 3.13
No. 4 1.50 1.0 0.94 0.25 1.57
No. 5 0.75 1.0 0.47 0.13 0.79

V" Cho.E: cholesterol palmitate; Cho.A: cholesterol acetate; TP: tripalmitin; Cho: cholesterol; PCD:
L-3-phosphatidylcholine dipalmitate.

) HMG-CoA reductase®t VLDL receptor®] mRNA 2d =5 A=

A3 19 L3 WHo® RTE Adstglon, dojxl cDNAE template® 3}
o] 2 real-time PCR7”]7](Rotor-Gene RG-3000, Corbett Research, Australia)Z A&
3} real-time quanitative PCRS 33}t Real-time PCR2 SYBR Green¢| ¥
¥ mastermix (QuantiTect SYBR Green PCR kit, Qiagen)E& A}&3}9 reaction
volume 2002 Br3o] A AlEt9]om PCR 2712 95TolA 154, 94TelA 15-30%,
60T A 20-30%, 72ClA 3024 & 408 WH&E3slo] SYBR Greend IFF#HS =
At o, melting curve ©AE 65Col A 95CT7HA 02CTH &EE Hojd
ZFS =A3sle] GAPDHY HMG-CoA reductase @ VLDL receptors] ® ]
¢35l th. Control® house keeping gene$l GAPDHE A}-&-3}9] normalize
o] #= A Agste] 2P zw =23} (Table 2-5 3 2-6)

il
ot
o

_41_



Table 2-5. Primer sequence of GAPDH, HMG-CoA reductase, VLDL receptor for
real-time PCR

. Product  Anneal
Gene Primer sequence size(bp) () Cycle

Sense AAGCTTGTTTCCTGGTATG
GAPDH 264 60 40
Anti-sense AGTTTCTATCAGCCTCTCC

HMG-Cop  Sense  TCCCTGAACCCTCATCTTTG

reductase . 250 58 40
Anti-sense TCTGCAAGAATACGGCTCCT

VLDL Sense ACCTCACAATTGATATTGG
receptor  Apti-sense  ACAAGCATGTTTATCATCC

161 58 40

Table 2-6. Real-time cycler conditions for the lightcycler system

Cycle Cycle Point
Hold @ 95°c, 15 min O secs
Cycling (40 repeats) Step 1 @ 94°c, hold 15-30 secs

Step 2 @ 60°, hold 20-30 secs

Step 3 @ 72°, hold 30 secs,
acquiring to Cycling

Melt (65-95°¢), hold 45 secs on the 1st step, hold 5 secs on next steps, Melt
Hold2 @ 25°c, 1 min O secs
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DAEAAZ 2 & A mA s JEF

AdA Ats W S ad, AdA, e 2 Addee] 53 597 AR A
W Aol m A= gkl il Table 2-7° A8t

At H FANA = Agztel] & Aot gl oy, Abes, W 9 dAba A =
A ke Folg zpol7t A HAT AFES T1 Aol 7 =% T3 %
T4 A2+ A iz, T2 2 T6 Ag ol v3] FostA =& ZAE Heusl
thodT2 T2 Aol 7hd wgkem, dix, T4, TS5 9 T6 Aol A&
ofstAl wrkrt. AAFS RS e T6 A7 & Aol Hls] FolstA 3
2%k Aow yetwth Fe] A TRl A= Azt 2 Aol b gl
AbEA ALE dlell A Al E g Aol e o Aol FostA Frke A
o= yetsth(Panda &, 2003). 7]7He] AbFAF M= A S wole Ahehe o
Al &7 Qo A cH(Kurtoglu 5, 2004). 2ol FHo] AldoAE AR W
250 ppm FEZHA = A& SAAR] ZHE e AR RH(Pestiot Bakalli, 1998),
250 ppmeS ZIsH ALBEAHFH T AbFEEo] A A (Pearce 5, 1983). R
Atz AYYES 038ppm (Utteback &, 2005 %= 051ppm (Jiakui®t Xiaolong,
2004) FEoR F7F Fud ATAMRE AARAHAES & A 2A dFE v
2 A 2okt Payne 5(2005)2 A YRS 3.0 ppmeZ F7HAA S W dFo] F7t
st E37F AdSdvar e dledl, ole B AP AIotes gzl Aom Ayzd

= < ° =l

A A, ?LE] =2 Ay

2) a2 Gz v xE g
EA AbR W ey, A, e 2 Adyee] 53 39971 34d 2 937
3] Table 2-89 A&} t}.

I
G2, Wd2F7), Haugh unit 3 W34 25 At & #ol7t gls 3o
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Table 2-7. Combination feeding of oligosaccharide, probiotics, copper and selenium on feed intake and laying performances

in laying hens!??

Treatments Control T1 T2 T3 T4 T5 T6

Feed intake, g/day/bird 122.59 +0.66 126.78 £2.82 125.70 £4.02 125.78 +6.64 125.06 +2.84 127.70 +4.09 115.70 +9.13

Egg production rate, % 69.27 +1.39° 7562 +1.17"  69.97 0.46°  73.88 0.68" 7268 +0.82>  74.20 +0.47"  69.30 +0.85°

Egg weight, g/egg 67.13 023  66.18 £0.25" 6565 057"  66.15 +0.17"  66.85 +0.56°  67.02 +0.17°  66.08 0.17°
Egg mass, g/hen/day 4655 +1.08"  50.01 £0.75" 4588 +0.31° 4888 +0.51* 4853 +0.49°  49.70 +0.38"°  45.78 +0.59"
Liver weight , g/100g BW” 1.88 +0.11 1.77 £0.10 1.87 +0.03 1.73 +0.08 1.85 +0.05 1.76 +0.05 1.79 +0.03

v T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1% oligosaccharide +0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1%
oligosaccharide + 0.3% probiotics + 200ppm Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + lppm Se; T5, 0.1%
oligosaccharide + 0.5% probiotics + 200ppm Cu + 1ppm Se; T6, 0.1% oligosaccharide + 0.7% probiotics + 250ppm Cu + 1.5ppm Se.

P @¢ Means + SE within a row with no common letter are significantly different (P<0.05).

9 BW=body weight
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Table 2-8. Combination feeding of oligosaccharide, probiotics, copper and selenium on egg and eggshell qualities in laying

hens.l)’Z)’S)
Control T1 T2 T3 T4 T5 T6
Eggshell strength, kg/cm’ 3.10 +0.25 3.10 +0.06 3.23 +0.17 3.03 +0.15 320010  323+023  3.07 +0.19
Eggshell thickness, 0.0lmm 36.77 £0.61 37.43 +0.13 36.13 +0.48 36.37 £0.38 36.53 +0.74 37.23 £0.48 36.67 £0.54
Haugh unit 8467 +2.93  89.03 +0.25 8677 +0.12  87.77 023 8327 +0.34 8817 +0.61  85.87 0.15
Yolk color, R.C.E” 761 £0.45 8.30 +0.25 7.87 +0.12 8.07 +0.03 817 £003 817012  7.73 +0.03

v T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1%6 oligosaccharide +0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1%
oligosaccharide + 0.3% probiotics + 200ppm Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 1lppm Se; T5H, 0.1%
oligosaccharide + 0.5% probiotics + 200ppm Cu + lppm Se; T6, 0.1% oligosaccharide + 0.7% probiotics + 250ppm Cu + 1.5ppm Se.

2

’ Means + SE (n=8)
¥ Roche color fan.
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3) @ Aol mA= 9%

AA AR W e, AstAl, e s AU S5 Fovh 2 49
HE 8 92 84 @40 vA= gl i) Table 2-9¢ A8kt

4% & FdU2HE, HDL-C % HDL-C/total-C H& R5F Aol Fol3 A
ol 7} AR A &gkt). Kurtoglu 5(2004)2 AHAS Fol3k T FAAY dF 29

L
|=]
Z2HE 2 2A4A4 =57t §oltA BFasg vt B89 2 Panda 5(2003) 9 A

WA AAFAS FAE Al AL Folo o T ZHlAHE

b
Aste HRSAT Tele Wbt AAANA WF U BAAHE FEE FaA7

o1 (Pesti®} Bakalli, 1998) °l+= 2o A& drelMz &ld v ohLim &,
2006). HDL-C #xo| tairs Walelr] gevs Anel Zrhsits A7 2%
Busglen, ¥ AyYdodr= HDL-CO F=7t ¥stetA] @Fo=A Lim 5 (2006)
of A dypet dA ek F AgelM = AtAl, el ® AU s B St

=
0% 2o2HE B0 2 JFL WAA FLozA o]5S w FIPd o] Ho
AT ATNSHE & AAGA Wk, ol B Fold oF wsAE wEA

dS Fal qraloF & Aol
GOT 3 GPT &dolA = Heztel 2 Zo]7h Ao, oj= AY 1olA &4
Aok HlaA w2 FEo] sead, AdA, 7o 2 AUy

& Foirt AbdAe Al A wkgo &S mAA] e Aoz AZLHITH
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Table 2-9. Combination feeding of oligosaccharide, probiotics, copper and selenium on various blood profiles in laying

hens."?"”
Control T1 T2 T3 T4 TS5 T6
Total-C, mg/d{ 12883 £3.64 13098 £2.76 13765 +£1.95 12580 £2.10  131.05 +3.98  130.26 £5.95 12547 +5.78
HDL-C, mg/d¢ 50.67 +0.97 50.11 +0.52 50.14 +0.89 49.71 +0.98 50.74 +1.14 50.31 +0.96 50.43 +1.54
HDL-C/TOTAL-C 0.41 +0.02 0.38 £0.01 0.37 +0.01 0.40 +0.03 0.04 +0.02 0.39 +0.01 0.39 +0.02
GOT, U/L 20873 £8.67 206.79 £7.62 20544 £6.33 19840 £10.32 207.05 +8.43 216.83 £5.42 218.40 +8.96
GPT, U/L 10.95 £1.67 9973 £298 12777 +290 1210 #6550 11.62 £1.81  11.25 +4.65 10.3 £0.40

V" Abbreviation : Total-C, total cholesterol; HDL-C, high density—cholesterol; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase
v T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1% oligosaccharide +0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1%
oligosaccharide + 0.3% probiotics + 200ppm Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + lppm Se; TS5, 0.1%

oligosaccharide + 0.5% probiotics + 200ppm Cu + lppm Se; T6, 0.1% oligosaccharide + 0.7% probiotics + 250ppm Cu + 1.5ppm Se.
Y Means = SE (n=8)
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Table 2-10. Combination feeding of oligosaccharide,

triacylglycerol and phospholipid of egg in laying hens"”?

probiotics,

)

copper and selenium on contents

of cholesterol,

Control T1 T2 T3 T4 TH T6
__________ mg/g [
2 weeks
Cholesterol 1458 £1.75 13.44 £1.33 11.68 £1.18 12.15 +0.83 10.34 £0.62 11.43 £1.22 11.34 £1.09
Triacylglycerol 204.86 +3.27 200.45 +4.01 192.30 +5.34 19254 £10.23  191.55 +2.12 190.51 +2.53 196.03 +1.08
Phospholipid 69.52 +4.29 66.83 £1.74 66.60 +3.42 63.49 +2.54 67.44 +2.34 67.94 +3.54 67.02 +8.41
4 weeks
Cholesterol 15.70 +0.89" 13.09 £0.68™  10.08 +1.43° 1377 049" 1143 £1.32™  11.67 £1.07° 1258 0.70"
Triacylglycerol 196.43 £2.97 18474 £157 18522 £223 17966 £9.12 18572 £253  187.74 266  186.40 +7.72
Phospholipid 73.97 £3.96 7551 +1.84 71.04 £5.12 7823 1697  79.71 £3.67 74.36 £3.15 79.28 +7.72
6 weeks
Cholesterol 13.63 +0.98" 11.63 +0.58" 10.46 +0.46" 10.71 +0.83" 1151 0.73" 10.42 £0.47° 10.75 +0.58"
Triacylglycerol 199.74 +1.97 201.29 +1.73 198.25 +5.65 200.85 +4.30 201.62 +2.66 201.21 +3.92 201.84 +2.41
Phospholipid 80.05 +4.28 76.67 £3.12 75.74 £2.40 69.47 +1.01 74.07 +3.72 72.89 +0.47 7471 +2.53

T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1% oligosaccharide +0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1%

oligosaccharide + 0.3% probiotics + 200ppm Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + lppm Se; TS5, 0.1%
oligosaccharide + 0.5% probiotics + 200ppm Cu + lppm Se; T6, 0.1% oligosaccharide + 0.7% probiotics + 250ppm Cu + 1.5ppm Se.

? @¢ Means + SE within a row with no common letter are significantly different (P<0.05).
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Figure 2-1. Relative levels of HMG-CoA reductase gene expression”

v T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1% oligosaccharide
+0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1% oligosaccharide + 0.3% probiotics + 200ppm
Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + lppm Se; T5, 0.1%
oligosaccharide + 0.5% probiotics + 200ppm Cu + lppm Se; T6, 0.1% oligosaccharide + 0.7%
probiotics + 250ppm Cu + 1.5ppm Se.
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Figure 2-2. Relative levels of VLDL receptor gene expression”

v T1, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + 0.3ppm Se; T2, 0.1% oligosaccharide
+0.5% probiotics + 100ppm Cu + 0.3ppm Se; T3, 0.1% oligosaccharide + 0.3% probiotics + 200ppm
Cu + 0.3ppm Se; T4, 0.1% oligosaccharide + 0.3% probiotics + 100ppm Cu + lppm Se; T5, 0.1%
oligosaccharide + 0.5% probiotics + 200ppm Cu + Ippm Se; T6, 0.1% oligosaccharide + 0.7%
probiotics + 250ppm Cu + 1.5ppm Se.
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3 MAEA, AAED D GEYBA THH AW BA2HE FPol vR e
9% (8 3)

D AE A=

ANg2A ALE3E nts 3258 alicin o] 7.82% 0% (T) of 3Z o] 3z of o] o] A
TEERon, FEle YAkETdF Al FaE AA A2 (CusSOo4 -
SH:0)E WAl #3fste] H7tstdlt. ddwe (F)olAute] oA Fadrt A9
of ARgg frabdt S (F) Aol =E T olo A FFHkol A3}t

2) A8 A=

SFg - dFets VxR %}04 Aol g A 2800kcal/kg et 16.1%6¢] Zerwld g

o
I 71EF YA 5 NRC 7319940 $=s 7| 2AM 8 E wjgste] iz

CAYT AFRE AR 05%, teEFEE 05%, T8 125ppm 2
A Ue 1lppm= H7Fsk T1AEF, FAHF 1.0%, vtsF=5 05%, 78 125ppm
2 AYYs lppme H7FgE T2A 2, AR 05%, mtEFE= 1.0%, g
125ppm % AdYE 1lppmS H7F3k T3A 8+, oﬂ"& 05%, "F=F5E% 05%, T
7 250ppm 2 AUy lppm= H7FSE T4x 2, 4t 05%, vts3F55 05%,
T2l 125ppm 2 A#YE 2ppmeS M7 T57<1F4?, bt 1.0%, vEFEE
1.0%, 8] 250ppm % A#H Y 2ppmeS H7MS T6AZ T2 HAFS HAASHAT
(Table 3-13} 3-2)

Table 3-1. Experimental design

Probiotics, % Garlic extracts, % Copper, ppm Selenium, ppm

Control - - - -
T1 0.5 0.5 125 1
T2 1.0 0.5 125 1
T3 0.5 1.0 125 1
T4 0.5 0.5 125 2
TS 0.5 0.5 250 1
T6 1.0 1.0 250 2
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Table 3-2. Formula and chemical composition of experimental diets”

Ingredients (%) Control T1 T2 T3 T4 T5 T6
Corn 65.52 64.52 64.02 64.02 64.52 64.52 63.52
Lupin seed 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Soybean meal 13.96 13.96 13.96 13.96 13.96 13.96 13.96
Rapeseed meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Meat meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Limestone 9.51 9.51 9.51 9.51 9.51 9.51 9.51
Dicalcium phosphate 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Tallow 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Choline-chloride (50%)  0.08 0.08 0.08 0.08 0.08 0.08 0.08
DL-Methionine 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Mineral mix? 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin mix” 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Phytase 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Probiotics - 0.50 1.00 0.50 0.50 0.50 1.00
Garlic extracts - 0.50 0.50 1.00 0.50 0.50 1.00
Selenium - 125ppm 125ppm 125ppm 125ppm  250ppm  250ppm
Copper - 1ppm 1ppm 1ppm 2ppm 1ppm 2ppm
Total 100.00  100.00 100.00 100.00 100.00 100.00  100.00
Calculated value of basal diet

Dry matter, % 88.80

Crude protein, % 16.10

Ether extract, % 2.95

Crude fiber, % 3.40

Crude ash, % 11.97

Ca, % 3.86

Available P, % 0.50

Met+Cys, % 0.65

TMEn, kcal/kg 2,300

v Control, commercial diet; T1, 0.5% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se;

T2, 1.0% LAB +0.5% garilc +125ppm Cu +1ppm Se; T3, 0.5%
T4, 05% LAB +0.5% garilc +125ppm Cu +Z2ppm Se; TH, 05% LAB +0.5% garilc

+1ppm Se;
+250ppm Cu +1ppm Se; T6, 1.0%

LAB +1.0% garilc +125ppm Cu

LAB +1.0% garilc +250ppm Cu +2ppm Se.

? Mineral mixture provided following nutrients per kg of diet: Fe, 48mg; Zn, 60mg; Mn, 72mg;
Cu, bmg; I, Img; Se, 0.18mg; Co, 0.24mg.

¥ Vitamin mixture provided following nutrients per kg of diet: vitamin A, 12,000 IU; vitamin D3,
3,000 IU; vitamin E, 21 IU; vitamin K3, 2.4mg; vitamin Bl, 1.2mg; vitamin B2, 4.8mg; vitamin
B6, 2.4mg; vitamin B12, 0.02mg; niacin, 15mg; pantothenic acid, 10mg; folic acid, 0.3mg.

3 AY =

6055 ¢ Hy-Line Variety Brown AtetA] ¢t S o] &sto] sAdg WA 9 Abet
A 27& AolA el BF T AT 4ukR o2 F 28075 Adele] 273 ARk A
I APERE AUEANS S oH, pend AFEE o] fFAISHESE AwiA] g F Ao o]
gt om, 6573 AdS AT
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Table 3-3. Primer sequence of GAPDH, HMG-CoA reductase, Cholesterol
7a-hydroxylase and VLDL receptor for real-time PCR

Product Anneal

Gene Primer sequence size(bp) ) Cycle
Sense AAGCTTGTTTCCTGGTATG
GAPDH - 264 60 40
Anti-sense AGTTTCTATCAGCCTCTCC
HMG-CoA Sense TCCCTGAACCCTCATCTTTG 950 e8 40
reductase  Anti-sense =~ TCTGCAAGAATACGGCTCCT
7a-hydroxylase Anti-sense ~TTTGATGAGGGCATCTAGGG
Sense ACCTCACAATTGATATTGG
VLDL receptor - 161 58 40
Anti—-sense ACAAGCATGTTTATCATCC
Table 3-4. Real-time cycler conditions for the lightcycler system
Cycle Cycle Point
Hold @ 95°c, 15 min 0 secs
Cycling (40 repeats) Step 1 @ 94°c, hold 15-30 secs

Step 2 @ 60°c, hold 20-30 secs

Step 3 @ 72°c, hold 30 secs,
acquiring to Cycling

Melt (65-95°c), hold 45 secs on the 1st step, hold 5 secs on next steps, Melt
Hold2 @ 25°, 1 min O secs
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Table 3-5. Combination fe?gi%r)lg of LAB, garlic extract, copper and selenium on feed intake, egg production and liver weight
in laying hens"?”

Control T1 T2 T3 T4 TS T6
Feed intake, g/day/bird 94.80 £7.95 107.02 £6.41  97.77 £+6.83  99.25 £4.63 103.34 +8.28 119.39 £2.77 115.69 £9.13
Egg production, % 67.73 £1.14 7228 +4.42  69.35 +4.79 6548 +6.12 6547 +553  66.85 £10.47 64.87 £6.51
Egg weight, g/egg 65.07 £1.78  66.07 £2.05 6598 +1.98 6490 £1.84 66.33 £2.13  65.47 £2.37 64.37 £2.10
Egg mass, g/day/bird 4413 +1.51 4788 £1.51 4598 £4.45 4277 £510 43.77 £4.83 44.92 £7.83  42.17 £5.39
Liver weight, g/100g BW 1.50 +0.07 1.48 +0.05 1.47 +0.01 1.51 +0.06 1.50 +0.03 1.46 +0.01 1.45 +0.02

{” Abbreviation : LAB, lactic acid bacteria.

2 T1, 05% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5% garilc +125ppm Cu +lppm Se; T3, 0.5% LAB +1.0%
garilc +125ppm Cu +1ppm Se; T4, 0.5% LAB +0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +lppm Se; T6, 1.0% LAB

- +1.0% garilc +250ppm Cu +Zppm Se.

¥ Mean*SE (n=8).

Table) 3;6. Combination feeding of LAB, garlic extract, copper and selenium on egg and eggshell qualities in laying
hens”?”

Control T1 T2 T3 T4 T5 T6

Eggshell strength, kg/cm” 266 £0.13 278 +0.11 256011 254009 283 +0.11 267012 289 £0.13
Eggshell thickness, 0.0lmm 33.71 £0.60 33.56 £0.53 33.73 +0.59 3248 £1.03 33.01 £0.79 33.75 +0.56  33.97 £0.59

Eggshell color 30.00 £0.75 2844 063 29.02 059 30.27 +0.62 2858 +0.80 27.84 +0.77 28.60 +0.73
Yolk color, R.C.F® 873 0.10"  8.80 +0.10¢ 887 +0.93™ 9.18 +0.09"  9.33 +0.10" 853 +0.10%  9.11 +0.09™
Haugh unit 88.20 +1.21° 88.29 +0.82™ 88.99 +0.93"™ 86.55 +1.05° 91.17 +0.98" 91.54 +1.01* 91.23 +0.77*"

! Abbreviation : LAB, lactic acid bacteria.

2 T1, 05% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5% garilc +125ppm Cu +lppm Se; T3, 0.5% LAB +1.0%
garilc +125ppm Cu +1lppm Se; T4, 0.5% LAB +0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +1ppm Se; T6, 1.0% LAB
+1.0% garilc +250ppm Cu +2ppm Se.

¥ Roche color fan.

a4 Mean values in a same row with no common superscripts are significantly different (P<0.05).
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Table 3-7. Combination feeding of LAB, garlic extract, copper and selenium on various blood profiles in laying hens??"?

Control T1 T2 T3 T4 TS T6
TOTAL-C, mg/dl 138.28 £6.15 132,99 £3.07 13898 £1.14 120.40 £3.51 133.44 +3.90 134.15+5.32 136.70 £9.24
GOT, mg/dl 113.73 £5.97 116.00 +4.29 110.70 £5.17 114.00 £3.77 119.26 +3.47 117.82 £7.88 113.73 +7.88
GPT, mg/dl 9.50 £2.49 9.40 #2.81 10.04 £1.82 10.18 +2.45 7.00 £0.81 8.54 £1.60 8.54 £1.60
S.0.D like activity 60.82 £6.30 56.62 £5.28 65.17 £9.72 65.01 +6.25 57.30 £6.44 59.81 £5.28 72.65 +5.68

V" Abbreviation : LAB, lactic acid bacteria.;, TOTAL-C, total cholesterol;, HDL-C, high density—cholesterol; GOT, glutamic-oxaloacetic transaminase; GPT,

glutamic—pyruvic transaminase.

2 T1, 05% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5% garilc +125ppm Cu +lppm Se; T3, 0.5% LAB +1.0%
garilc +125ppm Cu +1ppm Se; T4, 0.5% LAB +0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +1ppm Se; T6, 1.0% LAB
+1.0% garilc +250ppm Cu +2ppm Se.

Y Mean£SE (n=3).
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Table 3-8. Combination feeding of LAB, garlic extract, copper and selenium on contents of lipid fractions of egg in laying
1,2

hens
Control Tl T2 T3 T4 T5 T6
***** mg/g ———

2 weeks

Cholesterol 14.31 £048 1239055 1231044  12.85+1.19 13.00 £0.52 13.69 +1.61 13.50 £0.73

Triacylglycerol 20359 £2.66° 198.29 +5.76™ 19856 +3.60°" 187.47 +3.27°™ 202.97 +4.69"  182.86 +8.10™ 177.51 +7.61°

Phospholipid 67.28 +2.15™ 5500 +1.38°  60.84 +2.63" 60.68 +2.82™  71.88+2.84°  69.98 +4.65"  72.26 +2.70°
4 weeks

Cholesterol 1254 052" 11.35£0.69™  10.22 +0.36°  11.55 £0.49"™ 1276 047"  13.21 +0.22*  11.73 £0.18™

Triacylglycerol  200.97 +352*  192.66 +548" 200.14 +4.07" 179.21 +3.08" 203.11 +523"  196.92 +4.66"  192.63 +4.44™

Phospholipid 60.85 +4.09  60.63 +3.88  64.83 624  60.67 +4.95 6372241 6208 +369 6259 £3.83
6 weeks
Cholesterol 1324 £1.44° 1278 £0.42* 1115 £0.80"™  9.30 £0.63”  11.46 +0.70"°  9.84 052" 9.84 +0.53"
Triacylglycerol 19263 198  196.05+1.65 196.72 +4.22 181.88+2.97  197.08 393 19154 +554  188.34 £3.98
Phospholipid 71.87 £2.94" 6955 +2.17°  65.68 +2.44" 6524 293"  64.62 £2.90"  66.88 458"  57.32 +2.09"

V" Abbreviation : LAB, lactic acid bacteria.

? T1, 05% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5% garilc +125ppm Cu +lppm Se; T3, 05% LAB +1.0%
garilc +125ppm Cu +1ppm Se; T4, 0.5% LAB +0.5% garilc +125ppm Cu +2ppm Se; TH, 0.5% LAB +0.5% garilc +250ppm Cu +lppm Se; T6, 1.0% LAB
+1.0% garilc +250ppm Cu +2ppm Se.

¢ Mean values in a same row with no common superscripts are significantly different (P<0.05).

_61_



Table 3-9. Combination feeding of LAB, garlic extract, copper and selenium on intestinal microflora in laying hens”?

Control T1 T2 T3 T4 TS5 T6

Total microbes, log cfu/g 7.74 +0.03 7.64 +0.06 7.71 +0.01 7.58 +0.04 7.68 +0.02 7.71 +0.01 7.65 +0.05
Lactic acid bacteria, log cfu/g 619 +0.17¢ 671 +0.13°  7.03 +056°  6.74 +0.30™  6.72 0.03™ 652 +0.14°  6.90 +0.07®
Coli. forms, log cfu/g 6.78 +0.08 6.82 £0.04 6.62 +0.08 6.62 +£0.07 6.90 +0.08 6.78 +0.03 6.81 £0.07

Salmonella sp., log cfu/g 5.45 £0.10 5.27 £0.10 5.35 +0.16 5.22 £0.16 5.29 £0.07 5.27 £0.10 5.36 £0.06

V" Abbreviation : LAB, lactic acid bacteria.

2 T1, 05% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5% garilc +125ppm Cu +lppm Se; T3, 0.5% LAB +1.0%
garilc +125ppm Cu +1ppm Se; T4, 0.5% LAB +0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +1ppm Se; T6, 1.0% LAB
+1.0% garilc +250ppm Cu +2ppm Se.

a4 Mean values in a same row with no common superscripts are significantly different (P<0.05).
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6) FdlzHE tirtet #-E T35S mRNA 2d F3Fd A s 93

dEA AR Wl LAB, i FEE, g B Addee] & w7 3 ol 74 A
138 gtakol v A& Gl el Figure 3-1, 3-2 9 3-3¢] YeEUATt LAB, vt
FEE, 78 2 AYgyS T F9% 25 A T2 F HMG-CoA reductase
9} Cholesterol 7a-hydroxylase®] Hdo] REF At Aoz Uelyth daro
VLDL receptord] wae A3 1, 29 upzrixlz Wolrl & Aoz eyt
HMG-CoA reductase= A3 1, 20149 A3} FASH A U FU 2" E &F
o Fhet AdE oz vEeiyon, Y ~HE wid FH EFA F4Y A
#E cholesterol 7a-hydroxylaser Zdl2HE AP H=9 &4535420 HMG-
CoA reductase®] #Ha-¢} FAS 43S eI

™

[

HMG-CoA reductase

1.20
1.00
DB
0,60
040

0.20

|:|r|._-| i

Control  T1 T2 T3 T4 TS T6G

Figure 3-1. Relative levels of liver HMG-CoA reductase gene expression”

Y T1, 05% lactic acid bacteria (LAB) +05% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5%
garilc +125ppm Cu +1ppm Se; T3, 0.5% LAB +1.0% garilc +125ppm Cu +1ppm Se; T4, 0.5% LAB
+0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +1ppm Se; T6, 1.0%
LAB +1.0% garilc +250ppm Cu +2ppm Se.
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Figure 3-2. Relative levels of liver Cholesterol 7a-hydroxylase gene expression”

v T1, 05% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5%
garilc +125ppm Cu +lppm Se; T3, 0.5% LAB +1.0% garilc +125ppm Cu +lppm Se; T4, 0.5% LAB
+0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +lppm Se; T6, 1.0%
LAB +1.0% garilc +250ppm Cu +2ppm Se.

WLDL recaplor

ol T T2 T3 T i - TE

Figure 3-3. Relative levels of liver VLDL-receptor gene expression’

v T1, 0.5% lactic acid bacteria (LAB) +0.5% garilc +125ppm Cu+lppm Se; T2, 1.0% LAB +0.5%
garilc +125ppm Cu +1ppm Se; T3, 0.5% LAB +1.0% garilc +125ppm Cu +1ppm Se; T4, 0.5% LAB
+0.5% garilc +125ppm Cu +2ppm Se; T5, 0.5% LAB +0.5% garilc +250ppm Cu +1ppm Se; T6, 1.0%
LAB +1.0% garilc +250ppm Cu +2ppm Se.
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A2 A FaAdE g LHF7PHEA ARAddE A% A
(A 2 AlF-2A)

L 5718 == #7183 Ads 2 e H7F Al W Ads 2 e
o MA= fF (EF D

78 AU (e 37
BYL A FHLAT f7H FAE vl
FAFAAN AN TAE A G2

wokom, F71 e Ay
Ao A FEREk o, 7
AE] (CuSO4 - 5H0)E WA

fl

& 71Z% o] tiatel A 2800kcal/kget 16.1%9] Zewd 217
I 7)E G%ae] F£ES NRC &7#(1994)0] D=2 7 2A e S wjgele] gz
ALEE ARG AT HE T Al s f71E AdYR 0.3ppmes FH7FS T1 A&,
718 AdyE Loppm H7HE T2 A, 718 AduEe 10ppme H7Hd
T3 Ag+, F718 8 125ppm< H7kek T4 A2+, 718 72 250ppme 7t
3 T5 A+ 5% Hr7rsk A2, F718 8 250 ppm H7FE T6 A S Fol
23 E A8 (Table 1-1% 1-2)

Table 1-1. Experimental design

Organic Inorganic Organic Inorganic
Se Se Cu Cu
********** ppm —- oo

Control - - - -
T1 0.3 - - -
T2 1.0 - - -
T3 - 1.0 - -
T4 - - 125 -
T5 - - 250 -

T6 - - - 250
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Table 1-2. Formula and chemical composition of experimental diets"

Ingredients (%) Control TI1 T2 T3 T4 T5 T6
Corn 65.52 6522 6452 6452 6552 6552 6552
Lupin seed 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Soybean meal 1396 1396 1396 1396 1396 1396 13.96
Rapeseed meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Meat meal 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Limestone 9.51 9.51 9.51 951 9.51 951 9.51
Dicalcium phosphate 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Tallow 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Choline-chloride (50%) 0.08 0.08 0.08 0.08 0.08 0.08 0.08
DL-Methionine 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Mineral mix? 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin mix” 010 010 010 010 010 010  0.10
Phytase 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Organic selenium - 0.3ppm 1.0ppm - - - -
Inorganic selenium - - - 1.0ppm - - -
Organic copper - - - - 125ppm 250ppm -
Inorganic copper - - - - - - 250ppm

Total

100.00 100.00

100.00 100.00 100.00 100.00 100.00

Calculated value of basal diet

Dry matter, %
Crude protein, %
Ether extract, %
Crude fiber, %
Crude ash, %
Ca, %

Available P, %
Met+Cys, %
TMEn, kcal/kg

88.80
16.10
2.95
3.40
11.97
3.86
0.50
0.65
2,800

2)

3)

Control, commercial diet; T1, 0.3ppm organic selenium; T2, 1.0ppm organic selenium; T3, 1.0ppm

Inorganic selenium; T4, 125ppm organic copper; T5, 250ppm organic copper; T6, 250ppm Inorganic

copper.

Mineral mixture provided following nutrients per kg of diet: Fe, 48mg; Zn, 60mg; Mn, 72mg;

Cu, 5mg; I, Img; Se, 0.18mg; Co, 0.24mg.

Vitamin mixture provided following nutrients per kg of diet: vitamin A, 12,000 IU; vitamin D3,

3,000 IU; vitamin E, 21 IU; vitamin K3, 2.4mg; vitamin Bl, 1.2mg; vitamin B2, 4.8mg; vitamin

B6, 2.4mg; vitamin B12, 0.02mg; niacin, 15mg; pantothenic acid, 10mg; folic acid, 0.3mg.
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FAZIE dAS AAFE T GAE(1500rpm x 15min)ste] A S g o,
Arg ZH ~HE kit (29 2HE E kit, HDL-Z# ~H 2 kit, G5 A HS 2143}
o HAHog F FYsdHE 2 HDL-Fd2HE T=5 4330

al

g3 W9 glutarrnc—oxaloacetlc transaminase (GOT) % glutamic—pyruvic transaminase

(GPD) st#e  GOT-GPT kit (GOT-GPT =4 & kit, 95 A )= AFE-3Fo] v A4
Hog FAAY

eh) A o Adye 32 e

A 554 4 AHS d@ste] W3k 3 T homogenizer2 W3S A3}
Al ol Al =E o] &t om, FeElo A2 ICP FAHo=E HAGAeH T2
A8 dL2 1000ppme] ICPE T8 ZT8&AS AMgstdor dAE 3F &9&
25% AibgQom sAsAt AR dAEE AR Sge AAAFAEC HHFsto
Au 3]st A7l F 600C #7133k =ol A 2A12F o] 3] sH(3] W) AlZvh Wwyskar
HCIA:DE 20 ml ¥ 358 WA T 100 ml WlaZea3d B A8 Uy

No6 A2 o3grt. EAES ] Foh=v A3 334 4 A (Inductively
coupled plasma spectrometer : Jobin Yvon, Ultima plus, France)S Al-g&3lon &
A3 324754 nmol A A AT EEde BAEAHY w7l AFHAY Y
SEE A 3AGARE A= ZHdA AFEU oW matrixE 2.5% HAAF
o Far. 778 95 2AE Table 133 2T

T2 e (ppm) 42 (ppm) x 3] FH(ml)/A & (g)

Table 1-3. Analytical condition of HPLC for copper

Operating condition

Power 1000 Measure points 9
Plasma flow PI Calculate point 5
Sheath flow &£ /min 0.2 Integration time sec 0.5
Auxiliary flow 0 Entrance slit m 20
Pump speed 20 Exit slit gm 15
Aron humidification Yes Increment nm 0.003
Nebulizer flower 1/min 0.66 Analysis mode gauss
Nebulize pressure bar 3.0 Line nm 324.7154
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Ay e #42 ICP #AM o= AAstdon deys diae ¥ 258
5T)ell A Foprtr] wiio] Sas WAL & dv ndzdEaer Ags g A
e E& AAGAY. AR 1lg AEZE telflon vesseldl ¥ of7]o] HNO3 7ml,
H3PO4 ImlE ¥ F&3] S5 12413 A gt 2daEa s vhxlaz Yz Al
22 25ml flasko] ¥ 3 make-up 3t No.b6 A IFAE o 73} E%‘—’EE Ze A}

LS o] & AxsATE BAS & Zeh=v GAEFEF 24 A (Inductively
coupled plasma spectrometer : Jobin Yvon, Ultima plus, France)S Al-g&3lon &
A9 196.026 nmell A A e B BAEAY st dHAY TSl
QEE A 34GAR AL ZHA AP oW matrixis 25% A4t
oz gtk 717124 S $9 =2 Table 1-43 2t}

A Y2 g5F2(ppm) A4 X (ppm) x 3|4 F(ml)/Al 5 FH(g)

Table 1-4. Analytical condition of HPLC for selenium

Operating condition

Power 1000 Measure points 5
Plasma flow PI Calculate point 1
Sheath flow &£ /min 0.2 Integration time sec 3
Auxiliary flow 0 Entrance slit um 20
Pump speed 20 Exit slit gm 15
Aron humidification Yes Increment nm 0.002
Nebulizer flower 1/min 0.6 Analysis mode max
Nebulize pressure bar 3.0 Line nm 196.026
uh) ke 741%94 s AL
AY 554 A& AlTS desto] W&k H3I ¥ homogenizer® W3S A5}
A o ARE olEARH, ARE 1502 ame] AT FAZ 2okl 1HTE
old¥l W7 2H(HOBART, CG20-1, USA)¥o Fi FTALLE7F 45T o258 &
W fHo] stdate] HE FASET 72T E2dS uw Aol dA a7z 4
o)X #HeR7t ARRE ol&ston, ¥Rt Aol dv 6% BeHIF 8¢
S FAsY 7FE zE" AR Yiste] A= g T, ©rEA S 9 point hedonic
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6) A =4

RE dojxd A thdk EA XS Statistical Analysis System(SAS, 2002)<]
General Linear Model (GLM) Program= ©]&3}o] A& i EAHEA Aol &4
Aol foa7t 1A= wl Duncan® multiple range testZ o] &3le] A7+ #¢
XS #1438k A H(Duncan, 1955).
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= Gl dal Table 1-50 YEFHAT AR H T, AFds, &5 2 Akl
M= Aol 2 Aozt glolen, o) A FFolME= Aggtel fef g Aol

T BEEA okt

T8 H7t FES 250 ppme 2 AAAY dgA TN E b AL o] A st
A= A3 al Ankari &, 1998)2F g 3ol fiAuTh= A (Pestiot Bakalli, 1998)
b R RauEdou 2 Afdas FAAQ dFe] gle o yEwth
Payne 5(2005)°] A#HYUS<S 3.0 ppml & Z7IAAS W U=o] Zrtst= a7t

AT A=, F A= FFolA Freldk Aolrt WA HA G

Table 1-5. Effects of dietary Se and Cu on feed intake, egg production and liver
weight in laying hens"?

Control T1 T2 T3 T4 TS T6

Feed intake, g/hen/day 1379 1398 1364 1405 1364 1360 1389
Egg production, % 75.8 70.9 75.2 71.2 73.8 75.3 76.5
Egg weight, g/egg 68.3 66.1 68.8 68.8 68.3 68.5 68.9
Liver weight, g/100g BW. 1.87 1.74 1.75 1.68 1.79 1.85 1.75

Y Control, commercial diet; T1, 0.3ppm organic selenium; T2, 1.0ppm organic selenium; T3, 1.0ppm
inorganic selenium; T4, 125ppm organic copper; T5, 250ppm organic copper; T6, 250ppm inorganic
copper.

? Mean (n=8).

Bl
A= Gl tiske] g AlsSiT

=
A=, G2, F24) 2 Haugh unit
B AR 2A ® w

G2kl Fele Aol



UEtLA ettt Sedt Cu®l H7F FEI(F71H vs. F71ED)o ©WE FF= (= A
o Az AT

Payne 5(2005)= F718l Segs #7F w#o1dS Wl Izt JRdHEATGL 59
=), ¥ A3 A= Haugh unitell 2 W3k7E Sl Cug AF&AC 58 A+
A= FAE(Pesti®t Bakalli, 1998)3 W7} (Baleviel Costum, 2004; Mabe %,

2003)ell roldh F&Fe vAA = Aoz RuHA.

Table 1-6. Effects of dietary Se and Cu on egg and eggshell qualities in laying
hens"?

Control Tl T2 T3 T4 TS T6

Egg strength, kg/cm’ 3.02 3.05 291 2.92 3.49 3.06 3.07
Egg thickness,0.0lmm 36.88 3693 3713 3611 37.09 3648 37.65
yolk color,RCF 8.67 8.58 8.60 8.49 8.56 8.97 8.50

Haugh unit 65.77 6580 6350 6312 6580 6621 6588

Y Control, commercial diet; T1, 0.3ppm organic selenium; T2, 1.0ppm organic selenium; T3, 1.0ppm
inorganic selenium; T4, 125ppm organic copper; T5, 250ppm organic copper; T6, 250ppm inorganic
copper.

? Mean (n=8).

AR U F71E 2 R E Se9t Cufl Foivh "o AR w A= Gl dis)
Table 1-7¢] Yefigicth F Zd2HE 2 HDL-C % EF Azt & o]zt
dfom, 8 FEH A7 Py B JdFE = Aoz YEt GOT %2
GPT AolM = A gbol] & AFo]7k glich.

Lim 5(2006) % Pesti¢} Bakalli (1998)% Cu F¢ Fol &A712 o v 2
2HE vt fdaste A%E #Eed oy, B oA Al 1 ARAAe] A
3 AR F ZFUA2HE L HDL-CY FXoAd 2 Wdrzh veux @2k

=
274 &40 AR GOT 3 GPT #70AE Aeigel 2 Aolr} gglom, o=

i
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Table 1-7. Effects of dietary Se and Cu on various blood profiles in laying

),2
hens!?

Control  T1 T2 T3 T4 TS T6

TOTAL-C, mg/dl 9979 9129 9243 10095 9632 104.15 101.14

HDL-C, mg/dl 6.66 6.11 7.36 7.28 9.38 8.33 8.35
GOT, U/dl 208.81 19527 20760 196.69 20097 21149 202.92
GPT, U/dl 16.20 1658  14.73 1626 1550 1419 1521

Control, commercial diet; T1, 0.3ppm organic selenium; T2, 1.0ppm organic selenium; T3, 1.0ppm
inorganic selenium; T4, 125ppm organic copper; T5, 250ppm organic copper; T6, 250ppm inorganic
copper.

? Mean (n=8).

4) A v Se B Cu &l mAl= FF
Abs W 71 RO Sesk Cull w7t A® Wl ol F& ded ol
li= F&ol el Table 1-8° YEFAT. Cus= AR Wl H7leEol wet 571

(

H]
st Aol #EHAOU FoF Aol AFHA FUTh Sew AR W HIF
wol Fhskel wet AF W delgw fofshAl Frkek Ao vEbth T2 (7]
g)el T3 (FF71E)) A FolA= Se &5 Fwol 1.0 ppme = FUFA oL} Fe
gk zko] glo] T2olA tha =stth o= f71dH FER o FHol FrHEA F5
e ARt E&4US AlASkE Aol

AA AR ) Sedl FUF FH S W AT W Se ¥l Ttk AdE o
2 Aol = geld Bl k. Payne 5(2005) 78] ¥ F7]d Se ¥F =

]

of we} HlFste] Al Ul Se shFFo] Sl Rasta, F71E Sed o] &
S0 F718] Seoll W& =i sFTh HFH Jiakui®t Xiaolong (2004)2 F7] <}

_73_



F718] Seztol HolgolME & Aol7p glom AbghA oA
g AXE Aoz FZ3A Y. Utterback 5(2005)2 thF
Tl A W Se &#Fo] thxol vls) 2.8u) FFEha
Aok 2w AE F7EeE Aol Hlshd Mol go] thh w2 Aot

Se¢t= lzd oz ALE U] Cut AT W29 o]y =
3}tk Skrivan 5(2005) Cu’l Zn % Feoll wd] Az W] deo|7} nlg&2 ot
3t om, Bppme CuE: F7F &F o
AT W Cu FFel 26% A=W T7hstdvia ®astgich 2 AgeAME TS5 H7t
Tl A A W Cu kel dizTel Hs 30% 8% S7hst
o FFEL oy AT
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5) ™A 5 vA= FF
Abs Wl F71E B F71E Sesk Cull wol7k AlRke] dsd 54 vA= o
Foll et dakE Table 1-9o Yebidtt Algte] Fv] 3 dAl4 Aol
gkl 2 Aol glolew, o= f7IH R O F7IE Seok Cufl we7F Aitd A

Uod 5S4 #4490 FFS nAA des on g

e
lo
R

Table 1-8. Effects of dietary Se and Cu on the their transfer into eggs in laying

hensD’Z)
Control Tl T2 T3 T4 T5 T6
Se, ppm 0.805° 1.265” 1.658" 1.463™ - - -
Cu, ppm 5.468 - - - 6977 7145 7138

v Control, commercial diet; T1, 0.3ppm organic selenium; T2, 1.0ppm organic selenium; T3, 1.0ppm
inorganic selenium; T4, 125ppm organic copper; T5, 250ppm organic copper; T6, 250ppm inorganic
copper.

? Mean (n=8).
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Table 1-9. Effects of dietary Se and Cu on sensory evaluation of eggs in laying

hens!?
Control T1 T2 T3 T4 TS T6
Flavor '7.69 7.91 7.81 172 7.69 '71.56 8.00
Overall 7.56 775 7.69 8.19 8.06 7.64 7.81

Control, commercial diet; T1, 0.3ppm organic selenium; T2, 1.0ppm organic selenium; T3, 1.0ppm
inorganic selenium; T4, 125ppm organic copper; TH5, 250ppm organic copper; T6, 250ppm inorganic
copper.

? Mean (n=8).
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2. Lycopene®] 7} FEj7F Algk U] lycopene el WX+ 9 (23 2)
7h Am 2oy

D Ad =

Abs Wl lycopene® H7F7F Al Wl Holel mA = 43S HUtstr] f1ste] #A4
lycopenes 10 ppm, 20 ppm FH7}etAY H= EvRE paste 1.7%E FH7tsto
lycopene gFol Sppmeol HA skl Wizx=ToF A A 4 AR T4
st Ado] AbgE A lycopenes Hoffman La Roche #|3%¢|™, EulE paste

= 1= Heinz A&ES A3

2) AYAE

Ago] ALE3 AlEE NRC &73(1994)2] 71+S 34U Adete dds
BeFEs 717 g ExT AEE V)2 AMER St A lycopened 10 ppm, 20 ppm H
7Vat A EvtE pasted 1.7% F7beto] wig@sti o, 573 Al AlRE Folskd
CH(Table 2-13} 2-2).

Table 2-1. Experimental design

Lycopene Tomato paste
__________ S
Control - -
Lycopene 10 ppm 0.01 -
Lycopene 20 ppm 0.02 -
Tomato paste 1.7% - 1.7

V" Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
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Table 2-2. Formula and chemical composition of experimental diets

vy
Ingredients (%) Control 0 pll.;srflcopegg — p:;r:it.(;%
Corn 61.96 61.96 61.96 60.91
Dehulled lupin 3.00 3.00 3.00 2.95
Soybean meal (44%CP) 18.00 18.00 18.00 17.7
Dehulled soybean meal (48%CP) 0.30 0.30 0.30 0.29
Rapeseed meal 1.50 1.50 1.50 1.47
Corn gluten meal 2.00 2.00 2.00 1.97
Fish meal 0.70 0.70 0.70 0.69
Yellow grease 2.20 2.20 2.20 2.16
Limestone 9.10 9.10 9.10 8.95
Tricalciumphosphate 0.60 0.60 0.60 0.59
Salt 0.27 0.27 0.27 0.27
DL-Methionin 0.11 0.11 0.11 0.11
Choline-Cl 0.07 0.07 0.07 0.07
Vitamin premix” 0.06 0.06 0.06 0.06
Mineral premixZ) 0.10 0.10 0.10 0.10
Phytase 0.03 0.03 0.03 0.03
Lycopene - 0.01 0.02 -
Tomato paste3 ) - - - 1.70
Total 100.00 100.00 100.00 100.00
Calculated values
Crude Protein 16.5 16.32
Crude Fat 4.76 472
Crude Fiber 3.46 3.43
Crude Ash 12.22 12.00
Ca 3.93 3.85
Available P 0.38 0.37
ME (Kcal/kg) 2,852 2,805

Vitamin mixture provided following nutrients per g of diet: Vit. A, 18000IU; Vit. Ds, 5,000IU;

vitamin, 40mg; Vit. Ks 3.0mg; Vit. B;, 1.0mg; Vit. By 10mg; Bs 3mg; Vit. B, 0.020mg; Niacin,

132.0mg; Biotin, 0.12mg; Folacin, 1.0mg; Pantothenic acid, 14.0mg.

Y Mineral mixture provided following nutrients per g of diet: Fe, 72mg; Mn, 0mg; 7n, 7mg; I, 1.8mg; Se,
0.36mg; Cu, 4.8mg.

¥ Tomato paste suggested the following nutrients per kg by Heinz Co.(USA): GE, 067Kcal; Total carbohydrate,
16.7%(sugar 10%, fiber 6.796); Protein, 3.3% Na, 0.06% free of fat, cholesterol, Ca and Fe.

4 Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
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38F® Hy-Line Variety Brown 274 16055 AdFTEZ FA|5te] 2+ A2+
H 40, e 1054 S 9] x|t o, 657 AFS AT

N ARAAG, AN 2 ED

A48 13 FdsA Al dskt

W) vzt A= @7 57, Haugh unit 2 w32
A3 13 sdstA Al A sk

o) dof FH2HE v=

43 15+ B9 ADsact

ul) @3 2 7k W lycopene &

AE FaA AT T 157189 ARS AHEH L, e AT G 1074
EAe gorREH AES FHokd 7229 lycopene FHES AT dEI 3
W lycopene #2412 Boileau 5(2000)9] WH S 383l AlFo|A lycopened F&

3, Wei % (2001)¢] W& 2839 high performance liquid chromatography
(HPLC)E o] &3t 48ttt

6) FAEA
A9 139 FdsA AaE FAA AT
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L < T = 1

R

D APEAAZF 2 o ALl m A= 4

2baA ALE ol §4 lycopened}t EVLE pasteE H7Este] Hol3A S ul Al®
AL, dF 2 AreE] Wste] gk A= Table 2-3°] YERH AT /‘}EH%&
of dolA A7 7IZzbEb Azl FAAS e v 2Ey dFel 9
o= WET7F 6587 golil, lycopene H7FoF EwWLE paste 7= 63.08~
6363 go= el wlel FolatAl Skth(P<0.05). AtEEel lojME EvtE
paste F7F17F 92.35% 2 714 =93l 4 lycopene 20 ppm H7FE thEol H]
A ol dh Al Wk o™ (88.85% vs. 85.23%; P<0.05), ¥4 lycopene 10 ppm & 7F
A= SAHYD Folate JAA T 2 Aow Yy

Lycopeneo] AbghAle] A4l WA= Gl g A8 A7+ glov @
—carotenee F7}ate] FoJstH W3Ol carotene S EolA il AbHE, AR A FH
& 0T, AT vls, F3kg B AAFdE 9SS FA G A5 Ao
X ¥8} 93, a-tocopherol, fi-carotene¥} retinols ©WE oz T &35t AR
A7 Fostds W AeE dF Sole 9SS 74 Edth(Jiang 5, 1994). 1
# 1} Japanese quails tio=Z gk FHiteo] A ¥ (Sahin 5, 2004)9 A= lycopene
100 ppm HE*= vitamin E (Dquftocopherolfacetate) 250 ppmE @Eo 2 Fo3tA
U sdEs £ doddds W A& Haugh unit7b diz7o vl S7kekdch
oA Ay dFol tixFol HlE lycopene H7F B ERFE paste H7b-ol
MRS froletAl v Zlem yeh 9o Add darske o A3E Hol F9
e A TRl A= Aelgtel fFod Afol= LSl

2) dd @ G7pde) mAE dF

ArEA AR Woll &4 lycopene® ETRLE pasteE H7lele] F95tge w b A
2 zbd o] Wate] g A3k Table 2-43 2-50] YERW AT G2t eel Wz E
Ae A A 717et BE AT 3ol Fo3% Aeols yEhiAl &t Haugh

LA A 77w BE ATt ol FAA FoAvE HAEA &

et A2 A lycopene F7F7F thETtoll Wl 1FAHFE] -2 sHAI(P<0.05)
=4 YEls il EvlE paste H7FFE tlER2Ted vaste] FRE FosiA =AY
(P<0.05) =2 A&l Weuth §4 lycopene H7F-3tol= 20 ppm H7H+7F 10
ppm FH7FFel HlE FostA =AWP<0.05) =S APl dEewon, 34
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lycopene A7} 1+ EVLE paste A7F7R0 2F AR EHE o6k &= dtHP<0.05).
Dotas 5(1999)2 £ lycopened oY AWk EunlE 7ba FAHE<l dried tomato
pulpE 12% o2 H7Fsto] S A F989S uw carophyll A7F A ®Boie=
oA oA kel HAA garh o Basiiv 2 AE A3 34
lycopene 10 ppm, 20 ppm 7} FFAA A1 WA 15558 Faho] 24 gatrt
frolatAl veEba, #H7F FEo]l B2 @4 lycopene H7F7F ERME paste H7H
B} dhghol] A= 4ol Bu o] WEetA dEhude AR vFo] B oo W)
of AME= A, FA oAF<F #AAGe] lycopenee] H7F ol wEl molA= A
ow AtmEt M3 Aol = 4 ppm ol el FestAl M EARTE e =T
(Kang &, 2003), ¥ A 3@l4 EntE paste 37t (lycopene 5 ppm)®] Z¥= thx

ol wisl daE Folake dAEA Bk

rlo

n)

Table 2-3. Effects of dietary supplementation of lycopene and tomato paste on

feed intake, egg performances and liver weight in laying hens”

Control Lycopene Tomato
10 ppm 20 ppm  paste 1.7%"
Feed intake, g/bird/d 118.90 £1.83 116.66 +2.89 116.81 +1.08 120.13 +0.93
Egg weight, g/day 65.87 £0.05% 63.33 +0.27°  63.63 +0.36" 63.08 +0.24"

Egg production rate, % 88.85 +0.44" 86.73 +0.93™ 85.23 +0.94° 92.35 +0.76"

Liver weight, g/100g BW 158 £0.13  1.54 £0.06 1.37£0.06  1.50 £0.07

V" Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
¢ Means + SE within the same row with no common superscripts differ significantly (P<0.05).
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Table 2-4. Effects of dietary supplementation of lycopene and tomato paste on

eggshell strength, eggshell thickness, and Haugh unit in laying hens"?

Lycopene Tomato
Control H
10 ppm 20 ppm paste 1.7%
Eggshell strength, kg/cm?® 454 £0.23 474052 450029  4.39 £0.31

Eggshell thickness, mmx10* 3560 £1.07 3590 +1.03 34.97 +1.04 35.35 +0.98

Haugh unit” 82.41 £+1.07 81.19 £1.15 82.37 £1.53  83.22 £0.94

V" Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
? Means + SE.

Table 2-5. Effects of dietary supplementation of lycopene and tomato paste on

yolk color in laying hens"?

Contral Lycopene Tomato ;
10 ppm 20 ppm paste 1.7%
Yolk color —m———————- RCF? oo

1 wk 6.76 £0.09° 862 £0.54™  9.17 +0.54° 7.60 +0.16™
2 wk 7.15 0.04¢ 8.54 +0.12 9.06 +0.06 7.43 £0.04°
3 wk 7.73 £0.09° 890 £0.27°  10.19 +0.15" 8.13 +0.13°
4 wk 815+0.10° 1022 +0.19°  10.31 +0.07° 9.03 +0.16"
5 wk 7.56 +0.20° 944 £0.30°  10.03 £0.16 8.08 +0.23

V" Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
? Roche color fan.

¢ Means = SE within the same row with no common superscripts differ significantly (P<0.05).
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ek

2EA AR Well &4 lycopene¥ EFLE pasteE H71ete] Ho35HS
o] Wslel tigk A3 Table 2-60] YERU AT

FAAE, TAAE, F FeU2HE 9 HDL-C 555 Azl SAH #2271
AATE ALES Yoz AR APA T M= lycopene i A d T
AZF ¢tk B al(Rissanen 5, 2002)¢} lycopenes A#H A 3bH LDL-C¥ SAAZA
o] #A3lgttE H i (Friedman %5, 2000)7F 21t} Japanese quailg 3413 <59
A& lycopene 100 ppm %=+ vitamin E 250 ppm< 709 7F Foste) 49 = =
d2HE FE7F SolxSo] &2F A tH(Sahin 5, 2004). 284 lycopene 10 ppm,
20 ppm % % ERE paste 1.7% FF082 AlR] H7lsle] 3597F Fold B oA
Feldes d W AA FgFell WstE F4 Hete zlo® yEule, lycopene?
A7bEat Fof7]3tel mE Ad thatel vl @l tete] F5 A Hads
AlAFSFIL Sl

-

RUN

3) el Yol v

oft

*R
o
£
ek
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Table 2-6. Effects of dietary supplementation of lycopene and tomato paste on

various blood profiles in laying hens!??
Lycopene Tomato
Control ”
10 ppm 20 ppm paste 1.7%
********** mg/dl-—----—---—-
Total lipid 975.1 £76.5 1291.4 £142.6 9745 +96.5 1218.6 £97.2
Triglyceride 617.3 +84.9 862.1 £131.0 636.9 +87.7 936.3 +124.1
Total-C 85.8 £4.3 99.1 £8.3 82.3 £4.2 96.9 £9.5
HDL-C 5.6 £0.7 5.0£09 6.6 0.8 7.1 +1.3

Y Abbreviation : Total-C, total cholesterol; HDL-C, HDL-cholesterol.
» Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
¥ Means + SE.
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4) Aol BEG WA= JF

AA AFR el @4 lycopened} EVME pasteE H7bste] Foistle wl Al
o] mEA n = Jgke] Wste] 1 A= Table 2-70] YERH AT

Haugh unit= Algte] JAEE Yeidle HE2Z AF 7|3ke] AAdS45 1 5
27 "olA= Aol Al dAdelth & A7 AH 1559 25 $°] Haugh unit
= BEE AgTdA A7 ldlew, A 7kl At HAA AR RE
Ag] el A Haugh unit7b Bo]A31 sk ot 1529t 252Fe] Zfelo] glojA &k df
75 HE3 BE Ay tel A FAAS AT gle A2 YEE T

Lycopene % EWE paste?] @4kst 78S uds] £ u Alge] BEA A
37 ZIdEPd ey B Ao By FASAE lycopene B EWE pasted
A 7}7F Haugh unitel]l djaf] mx= J3Fe =21 kghr).

5) @& 31 3t W lycopene ¥

AEA AR el A lycopene® EVFE paste?] H7F o7 93 2 W
lycopene 8FeFo] wx]= J3Fo] tjdte] Table 2-8o YeEliAtt. 4 lycopene 10
ppm¥} 20 ppm FE7FT7F ETFe EvLE paste 7ol Bl Al W gEko]
93t A =A YJEFSETHP<0.05). Lycopene 20 ppm A 7Fol A= 0.881 peg/g, 10 ppm
HA7bel M= 0.795 pg/gel lycopene©] WEFsE=H A4 lycopene 3 7h7kell= -9
27F A A] gt EvlE paste A7FFAAlE 0425 pg/g o2, 34 lycopene
b Bobe folehAl S o (P<0.05), &S] 0174 pg/g Brke foletA EA
LFERSCHP<0.05). HZET9] Zrol A= lycopeneo] HAEHA &gko) 34 lycopene
10 ppm#} 20 ppm H7FFolA 7HY] lycopene $aFo] EvRIE paste H7boll 1]
934 =9k W (P<0.05), lycopene 20 ppm H7F7F 6458 pg/go® 7} =4
ety ol EnLE paste 1.7% H7FE 0702 pg/g 2 A lycopene H7H HUub:=
FrolakAl sk ekeh(P<0.05).

Lycopene carotenoid®] dFo2 FES AANAE FAFA o} 2ol
upep e ofujel oy A dfixo] rth(Raoet Agarwal, 1999). Ollilainen
S (1989)> 4-%Fe] lycopeneo] @&el glvhal sti=d & Ao A% izt &
ol A 0.174 pg/gel lycopeneo] WEMsTH Kang 5(2003)e] T A-olA AekA o
4, 8, 12 ppm2 lycopenes 75t 16497 Fo93t9 S Wl W3+ W9 lycopene 3
ol thxTroll vl 8AAMF-E frostAl EobXal 12 ppme 16¥7 wANES B¢
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J @3] lycopene FE+ ol A9 lycopened] wEof vldE = Ak
= Ho] F3len AR F9 lycopeneo] W
Lycopene> A-&7dolm o= Ad Aol &l Hl&| Aojre=z & H&
aHstd &F Aakst g97F 953 lycopeneo] EFHE JE VT ASS AL
7

o Almdr),

Table 2-7. Effects of dietary supplementation of lycopene and tomato paste on

egg Haugh unit during storage at room temperaturel)’Q)

Lycopene Tomato
Control D
10 ppm 20 ppm paste 1.7%
7 day 81.33 £0.93 81.61 £0.63 80.90 +0.73 80.99 +0.53
14 day 62.97 £2.38 59.79 £1.80 59.31 +2.82 63.46 +4.23
Differences 18.36 £2.77 21.82 £2.04 21.58 £2.16 17.53 £4.02

v Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
? Means *+ SE.

Table 2-8. Effects of dietary supplementation of lycopene and tomato paste on

lycopene concentration of egg yolk and liver in laying hens!?

lycopene Tomato
Control 0
10 ppm 20 ppm paste 1.7%
—————————— ug/g —————=—=—-
Egg volk 0.174£0.016° 0.795£0.075" 0.881+0.060" 0.425+0.049"
Liver ND 3.638+0.354" 6.458+0.837* 0.702+0.085"

U Abbreviation : ND, not detected.
2

) Approximately 300 mg/kg lycopene in tomato paste supplying 5 ppm of lycopene.
¢ Means = SE within the same row with no common superscripts differ significantly (P<0.05).
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3. 8@ % AEel A7k £F % A7k Fesk AW W oEed % Ahd
gl vA= g (39 3

7h As 2 oy
1) A3 As

ARZA ST BSAL (FolArtel 2ol A FRwgom, EUde (F)

eue Telate @rbaran.

o

H
AC)

Sg - dFS 7122 ko] gAY A 2800kcal/kgSt 16.19%9] =dhu A

B ddae 52 NRC &?3(1994)01] s VAR E wEste] o
AtRE ARSI AT AFRE QAR 2.0% H7ME T1 A2, Azt
2.0%, AAEFS-ES 0.02%5 H7rgk T2 A8, AAE+A 0,04% H7Fs T3
7, AAEEE 020% H7FE T4 A2, 7hEYE 0.04%E H7be T5 A2+, 7t=
Y®E 010% A& g TeAe T, 7F2UR 020% A& A2 A3 AA A
(Table 3-1¥ 3-2)

Lr“ FN

o oA

Table 3-1. Experimental design

Taurine byproduct Synthetic taurine Synthetic carnitine
,,,,,,,,,, 0~
Control - - -
T1 2.0 - -
T2 2.0 0.02 -
T3 - 0.04 -
T4 - 0.2 -
T5 - - 0.04
T6 - - 0.1
T7 - - 0.2
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Table 3-2. Formula and chemical composition of experimental diets”

Ingredients (%) Control Tl T2 T3 T4 T5 T6 T7
Corn 65.52 6352 6350 6548 6532 6552 6552 65.52
Lupin seed 4.00 400 4.00 4.00 4.00 4.00 4.00 4.00
Soybean meal 1396 1396 1396 1396 13.96 1396 13.96 13.96
Rapeseed meal 2.00 2.00 200 200 200 2.00 200 2.00
Meat meal 3.00 3.00 3.00 3.00 300 3.00 300 3.00
Limestone 9.51 951 951 951 951 951 951 951
Dicalcium phosphate 0.55 055 055 055 055 055 055 055
Salt 0.25 025 025 025 025 025 025 025
Tallow 0.80 080 080 0.80 080 0.80 080 0.80
Choline-chloride (50%) 0.08 0.08 0.08 008 0.08 0.08 008 0.08
DL-Methionine 0.07 0.07 0.07 0.07 007 0.07 007 0.07
Mineral mix? 0.10 0.10 010 0.10 010 0.10 0.10 0.10
Vitamin mix” 0.10 0.10 0.10 0.10 010 0.10 0.10 0.10
Phytase 0.06 006 006 0.06 006 0.06 006 0.06
Taurine byproduct - 2.00 2.00 - - - -
Synthetic taurine - - 0.02 0.04 0.20 - -
L-carnitine - - - - - 0.04 010 0.10
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Calculated value of basal diet

Dry matter, % 88.80

Crude protein, % 16.10

Ether extract, % 2.95

Crude fiber, % 3.40

Crude ash, % 11.97

Ca, % 3.86

Available P, % 0.50

Met+Cys, % 0.65

TMEn, kcal/kg 2,800

Y T1, 29% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine; T4,
0.2% taurine; TH, 0.04% synthetic carnitine; T6, 0.19% synthetic carnitine; T7, 0.2% synthetic
carnitine.

Y Mineral mixture provided following nutrients per kg of diet: Fe, 48mg; Zn, 60mg; Mn, 72mg;
Cu, bmg; I, Img; Se, 0.18mg; Co, 0.24mg.

¥ Vitamin mixture provided following nutrients per kg of diet: vitamin A, 12,000 IU; vitamin D3,
3,000 IU; vitamin E, 21 IU; vitamin K3, 2.4mg; vitamin Bl, 1.2mg; vitamin B2, 4.8mg; vitamin
B6, 2.4mg; vitamin B12, 0.02mg; niacin, 15mg; pantothenic acid, 10mg; folic acid, 0.3mg.
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5SS AAA oh 220 Dilution buffer® 25mloll Volumetric flaskel] #
0.4540 Membrane filter= o] ¥ ¥ 35|43}l A3}t

ofo
ol

Fal

vh) Al W 7h2Yd ghEF

A 674 4 Als dtst # s  homogenizer= %%% Tds
ol Am=E o] gt o, AT g =7 lbmlell &33te] #dst ¢ 0.1m
50 mmol/L KOH 0.9mlell 1?}? A2 A 24413 WA Y. Bradforde] W
o] &3] 4 NCP(Non-collagen protein)< Bio-Rad protein assayS o] &a|A =A
NEC(Non-esterified carnitine), ASAC (acid-soluble acylcarnitine), AIAC (acid-
insoluble acylcarnitine)< Cederblad®} Lindstedt®] radio enzymatic A =}oll whelA]
=439 1tE o] FAA AIACE perchloric acidell A= 1 ASACS NECE A=
oA EAstH FFe AP NECE F743t7] faiA EA4EAL dF= total
acid-soluble carnitineg #4371 ¢34 05N KOHZ 7}¢=&3] 3tk (ASAC
+NEC), ASAC+ NECS$} total acid-soluble carnitine®] =}o]= 7#]430“11- AIACE
Sh8tal & pelletse 2 & AMZFHea 05 N KOHE #H7F & 60C< Water
bathol A 60%3F 7F=3-a A|ZH T Z-2}9] carnitine carnitine acetyl transferase
(Sigma, UAS)Z o]&3] [1-"C] acetyl CoA 914 ["C] acetate® ol 2~ ¥] 2 3}A]
A Amersham, UK). A Z2] Radioactivity:= Beckman LS3801 liquid scintillation

counter(Beckman Instruments, Palo Alto, USA)Z o] &3] =43

2
S
ok
NorE
S

ey

o mo X

) Al ol FH2EHE IR

A 2, 4% 6572 T8 A 4 Aol A AlTs 7 Al A 2kt
S AFH3ske], 2+ W TOTAL-C, —?HX] 1 21X A (phospholipid) & 5743} H 2™
Yl cholesterol ester, T/ A%, 2] Fel 28 =(free cholesterol), $14]

s S48 ol e A Ada= 53] E]r° FHO F71E AAA
Mo AFHE F AAEE(1,500rpm x 15min)dte] S Ak oA o

7 A2 74 A7 PE5(-20C) B Th Folech (19579 WHS &3
TAEE FEder, An $(199%5)9 WHE &838ke] IATRO SCANMK-6
TLC/FID analyzer, Iatron Laboratories, Inc., Tokyo, Japan)o. & 7+ 2 &34 v 2z
AAEE o s A AT

9 10
B
2 L ek H

e

(1) A" =+
2 8y W XFe FEHLS Folch 5(1957)9] Wwel 7]|x38te] F-dqstAdth
Folch &% (chloroform : methanol = 2:1, v/v) 10mlo]l &3 = 7HZF 1g& 3]

ol 108 3A) 05mly WHEHEFE2(0.1% cholesterol acetate in Folch

ofj

N
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solution) Iml& ZH7Fstdth A-ollA] 533 #A8gt & o %] (Whatman No.541)
£ ol &3] AFadrt. @A AAE 98 dolF Imls H7bete] £3Fg & 9
A E2 2 71 (HA-1000-3, Hanil industry, Korea)el A 4% 2](2,500rpm=10min)3F 3
aspiratorZ o] g3te] FE=HZ oA AL, 32 NARE AN EINE o] 85
A HEAZAT B F Folch solution 1mlg H7tste] Ag8)d 5 o=
o7 ARgaFith

"

Zo

(2) ALEE] &9

ZFZ NS microdispensersE ©]-83F9] silica gel chromarod(CHROMAROD-SII, Mitsubishi
Kagaku Iatron, Inc., Japen)oll 1402 spot &t Al 1 H7]-8 Y (hexane : diethylether :
formic acid = 60ml : 10ml : 0.1mD°] E°d= A/MZE WAl 9eme] Fol7hA] 14}
AAAZAIL, 60T Zato] SEBA 283 AzxAZY. Ax F A 2 ARE
(benzene : hexane = 40ml : 40mD°] EA= AMFE WA 10cm =) 7FA 23}
AMAZ F 60C 7AZ7|o A ThA] 28-7F 7 2 A o

(R

(3) IATRO SCANS o] &3t XA EF +4
1, 22 ANS S8 Ea¥ 2 AEEEE JATRO SCANS o] &3&to] #2433
t}. IATRO SCAN9 B4 ZAL Table 3-3¢] UEA uvlo} 2o},

(4) 2+ A gl 4%

IATRO SCAN9] FID&= AE3te B8 wel ZEx7E 257 wfiof A i
S Agstr] 8 S Wy o AR Add HIFAS ZFAAsET. 4 A
3 AR FAE A8 =AHI T Estar o]E Folch €9 (chloroform

oh
N

methanol = 2:1, v/v) ImlE &3A AT AEH EFEFARLENY AHAE T=c
=

Table 3-4°] Yelygdtt FFEFAELAS 9o Wy FUdsA Fdsho]
3 g

chromatogram< AUt A EH WEEEZEZDY peak HAHH (Ax/As)E 3
AR WEEFEADY] FTH(Wx/Ws)E F3lg o ofgel w2l upe} 7+
2 FHo] 7t AHAEHo FqFS AAtst

7F W &= (mg/g) = (Wx/Ws) x WEEFEZ(mg) / A&E(mg) x 10
g4 W &Fmg/d) = (Wx/Ws) x WEETZEZ(mg) / A1 &5(mg) *x 100

_89_



Table 3-3. Analytical conditions of JATRO SCAN

Operation condition

Stationary phase CHROMAROD-SIIT
Mobile phase 10ml
1st. hexane : diethylether : formic acid 60ml : 10ml: 0.1ml
2nd. benzene : hexane 40ml : 40ml
Hydrogen flow 160ml/min
Air flow 2000ml/min
Scanning speed 30sec/scan

Table 3-4. The contents of each component in standard solution”

Cho.E Cho.A TP Cho PCD

mg/ml
No. 1 12.00 1.0 7.50 2.00 12.50
No. 2 6.00 1.0 3.75 1.00 6.25
No. 3 3.00 1.0 1.88 0.50 3.13
No. 4 1.50 1.0 0.94 0.25 1.57
No. 5 0.75 1.0 0.47 0.13 0.79

Y Cho.E: cholesterol palmitate; Cho.A: cholesterol acetate; TP: tripalmitin; Cho: cholesterol; PCD:

L-3-phosphatidylcholine dipalmitate.

AR AAEE AR Bs AL

A5 1202 cm9] dA% FAZ JH3to] 150C=E dd¥ ®7]2¢€(HOBART,
CG20-1, USA)Holl ¥a FA2E7F 45T ol28S v HHo] 7tdsle] HE
A7 72T =ddls o Aol d8% A7|E Mol BeH 7t AERE o] &3t
Row, #sH7Le] Aol e 68 AeH 89S TS ME 2EHE A=
of thate] Ax u Fv] tFAS 9 point hedonic scaleol] 2|8 AT
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i~

| S T = TR

D AIEAADG 2 A mX = F3F
A s W Bed SR 98, 34 B 2 A ghd"e] HUE S5t
AARAAF 2 W AR m A= J3S Table 3-50 ®AISAT. AFEAH Zell
Me Agztel 2 Aol7t g, Abes2 ol & vﬂé}ﬂ] 7H’dﬂ7%"}
MAdE = d3Fe detddn. dxzdo= |
v 3 erds wosh Aol A ast
Yamazaki®} Takemasa (1998) 4= €}
A

O?L

1~>

ol 3ol glglor) WEol olaA Pasdvn d9a, 1 5(2002)< €
sw Foll W ALk ol AstEdtkal ®Barskgivh Ak Als Wl ZhU " e Hobe
W AL o @R mAA e Ao 4 A U (Celik &, 2004).

2) dd 2 G-l vAE 9%

AbEAl AbE W ERed SR dE, 34 e 9 A JhY"e] HUE 5ot
A 9 g de| ux= 9IS Table 3-6°1 WA G R, GzEA
Haugh unit 2 Y84 25 xeigre] 2 3ol2 mo]x 2git).

7 5(2002) 2 Yamazaki®} Takemasa (1998)2] oAM= A
o7 A g G- A FEFS vAA Fdvtr BugonA 2
st AdE AAFsEATE 7RIS Fo] $ee dAE I G dA s Ztolvt gl
Kot e F-o] fAEE T3 AN S H (Rabie 5, 1997), 53] LA 9]
s G FE o] A AT Celik 5, 2004).
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Table 3-5. Effects of dietary taurine byproduct, synthetic taurine, and synthetic carnitine on feed intake and laying

performances in laying hens”?

Control T1 T2 T3 T4 TS5 T6 T7

Feed intake, g/day/bird 13651 +556 149.06 +5.62 150.19 +6.23 14678 £1.19 14771 £0.31 147.11 +2.47 14054 278 144.60 +4.19
Egg production rate, %  71.26 0.77° 8199 +0.52° 7136 +t0.45° 84.39 056"  79.26 £0.69" 73.43 £0.83™ 81.38 £0.37>  76.27 £0.90
Egg weight, g/egg 66.96 £0.33" 65.81 +0.29™ 66.84 +0.45" 6514 £0.30™ 64.99 £0.39°  66.44 045"  66.14 £0.37" 66.61 £0.26"
Egg mass, g/hen/day 47.88 +0.69° 53.94 £0.42°  47.68 £0.44° 5497 028" 5151 047" 4879 045" 53.84 £0.72°  50.81 +0.75"

v T1, 2% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine; T4, 0.2% taurine; T5, 0.04% synthetic carnitine; T6, 0.1%
synthetic carnitine; T7, 0.2% synthetic carnitine.
¢ Means + SE. within a row with no common letter are significantly different (P<0.05).

Table 3-6. Effects of dietary taurine byproduct, synthetic taurine, and synthetic carnitine on egg qualities in laying hens!?

Control T1 T2 T3 T4 TS T6 T7
Eggshell strength, kg/cm2 3.13 £0.18  3.00 +0.24 348 £0.03 295 £0.18  3.20 +0.30  3.05+0.26  3.08 £0.23  3.10 £0.27
Eggshell thickness, 0.0lmm 35.48 £1.24 3530 +1.37 37.30 £0.17 35.30 £1.21 35.55 +1.21 35.38 £1.45 35.38 £1.53 35.90 £1.27
Haugh unit 84.53 £2.23 83.38 £1.30 79.75 £1.60 83.15+£2.15 81.28 +3.18 80.13 £2.86 82.45 £2.09 83.45 £3.55
Yolk color, RCF? 750 £0.14 7770 £0.07  7.80 £0.07  7.75£0.09  7.65 +0.17 740 +0.11 7.75+0.06  7.73 £0.10

v T1, 2% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine; T4, 0.2% taurine; T5, 0.04% synthetic carnitine; T6, 0.1%
synthetic carnitine; T7, 0.2% synthetic carnitine.

? Means + SE (n=8)

¥ Roche color fan.
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Table 3-7. Effects of dietary taurine byproduct, synthetic taurine, and synthetic carnitine on various blood profiles in

. 2
laying hens!??

Control T1 T2 T3 T4 TS T6 T7
TOTAL-C, mg/100m¢  233.82 +5.38 229.70 +6.13 228.18 +10.43 230.90 £7.79 223.10 +6.99 233.44 +4.89 231.93 +10.25 238.30 +4.39
HDL-C, mg/100m{ 82.14 £3.64 84.06 +4.68 86.79 +1.86 86.53 +2.28  85.00 +4.35 87.10 £1.42  85.37 £3.17  85.93 £3.65
HDL-C/TOTAL-C 0.37 £0.02 0.38 +£0.04 0.37 £0.02 0.38 +£0.01 0.39 £0.03 0.38 £0.01 0.35 +£0.02 0.36 +0.01
GOT, U/L 167.53 £4.59 169.67 £6.36 170.26 +3.97 182.43 +5.06 168.84 +3.54 161.41 +5.36 151.58 +4.03 160.54 +12.17
GPT, U/L 4.48 £0.64 4.60 +1.10 3.97 £1.16 5.06 £4.67 3.54 +0.58 5.35 £0.99 413 £1.54 4.78 +0.69

U Abbreviation : TOTAL-C, total cholesterol; HDL-C, high density—cholesterol;, GOT, glutamic-oxaloacetic transaminase; GPT, glutamic—pyruvic
transaminase.

P T1, 2% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine; T4, 0.2% taurine; T5, 0.04% synthetic carnitine; T6, 0.1%
synthetic carnitine; T7, 0.2% synthetic carnitine.

Y Means + SE (n=8).

Table 3-8. Effect of dietary taurine byproduct and synthetic taurine on the contents of taurine of the serum and egg yolk

in laying hens”?

Control T1 T2 T3 T4
‘‘‘‘‘‘‘‘ ppm ———————77~
Serum 10.01 +0.38¢ 17.78 +1.56° 24.99 +2.25% 20.36 £3.17" 30.34 +0.94°
Egg volk 45,89 +2.85° 49.81 +1.82° 46.46 +1.92° 60.67 +3.48" 67.60 +1.62°

v T1, 2% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine; T4, 0.2% taurine.
4 Meanst SE with different superscripts differ significantly (P<0.05).
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Table 3-9. Effect of dietary carnitine on the contents of carnitine of egg yolk in

laying hens"

Control TS5 T6 T7

********** mg/100g —————————~-
Egg volk 0.39 +0.01¢ 0.66 £0.03¢ 0.96 +0.05 151 +0.14%

v T5, 0.04% synthetic carnitine; T6, 0.1% synthetic carnitine; T7, 0.2% synthetic carnitine.
a4 Means+ SE with different superscripts differ significantly (P<0.05).
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Table 3-10. Effects of dietary taurine byproduct, synthetic taurine, and synthetic carnitine on the contents of various lipid

fractions of egg yolks in laying hens”

Control T1 T2 T3 T4 T5 T6 T7

Cholesterol, mg/g 1393 024 1362 +1.17 1262 +0.82 1204 +0.71 1361 =0.41 1274 +053 1220 0.46  13.35 +0.74
Triacylglycerol, mg/g 201.66 +1.09° 182.10 +3.13° 183.53 +2.93" 18454 +1.31™ 194.97 +2.16™ 190.78 +4.14™ 192.00 +3.75"™ 184.99 +5.79™

Phospholipid, mg/g 73.00 £2.37  71.03 +0.56 ~ 81.87 £7.41  76.27 £528  81.55 £6.62 7843 £2.86 7816 £6.57  74.24 £4.46

V' T1, 2% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine; T4, 0.2% taurine; T5, 0.04% synthetic carnitine; T6, 0.1%
synthetic carnitine; T7, 0.2% synthetic carnitine.
¢ Means + SE. within a row with no common letter are significantly different (P<0.05).

Table 3-11. Effects of dietary taurine byproduct, synthetic taurine, and synthetic carnitine on sensory evaluation of egg in

laying hens”?

Control T1 T2 T3 T4 TS T6 T7
Flavor 773 7.54 7.37 7.25 8.02 7.78 7.89 7.84
Overall 7.87 7.76 7.78 7.87 7.64 7.98 8.01 775

v T1, 2% squid liver powder; T2, 2% squid liver powder + 0.02% taurine; T3, 0.04% taurine;, T4, 0.2% taurine; T5, 0.04% synthetic carnitine; T6, 0.19
synthetic carnitine; T7, 0.2% synthetic carnitine.

2)
Mean (n=8).
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Table 4-1. Experimental design

Folic acid, ppm

Control -
T1 2
T2 10
T3 20

Table 4-2. Formula and chemical composition of experimental diets”

Ingredients (%) Control T1 T2 T3
Corn 65.52 65.52 65.52 65.52
Lupin seed 4.00 4.00 4.00 4.00
Soybean meal 13.96 13.96 13.96 13.96
Rapeseed meal 2.00 2.00 2.00 2.00
Meat meal 3.00 3.00 3.00 3.00
Limestone 9.51 9.51 9.51 9.51
Dicalcium phosphate 0.55 0.55 0.55 0.55
Salt 0.25 0.25 0.25 0.25
Tallow 0.80 0.80 0.80 0.80
Choline-chloride (50%) 0.08 0.08 0.08 0.08
DL-Methionine 0.07 0.07 0.07 0.07
Mineral mix” 0.10 0.10 0.10 0.10
Vitamin mix” 0.10 0.10 0.10 0.10
Phytase 0.06 0.06 0.06 0.06
Folic acid - 2ppm 10ppm 20ppm
Total 100.00 100.00 100.00 100.00
Calculated value of basal diet
Dry matter, % 88.80
Crude protein, % 16.10
Ether extract, % 2.95
Crude fiber, % 3.40
Crude ash, % 11.97
Ca, % 3.86
Available P, % 0.50
Met+Cys, % 0.65
TMEn, kcal/kg 2,300

v T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.

Y Mineral mixture provided following nutrients per kg of diet: Fe, 48mg; Zn, 60mg; Mn, 72mg;
Cu, bmg; I, Img; Se, 0.18mg; Co, 0.24mg.

¥ Vitamin mixture provided following nutrients per kg of diet: vitamin A, 12,000 IU; vitamin D3,
3,000 IU; vitamin E, 21 IU; vitamin K3, 2.4mg; vitamin Bl, 1.2mg; vitamin B2, 4.8mg; vitamin
B6, 2.4mg; vitamin B12, 0.02mg; niacin, 15mg; pantothenic acid, 10mg; folic acid, 0.3mg.
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Table 4-3. Effects of dietary folic acids on feed intake and laying performances

in laying hens'”

Treatments Control T1 T2 T3

Feed intake, g/day/bird 14556 +556  139.04 +1.72  139.03 +1.58  139.89 +2.28
Egg production rate, % 7203 +1.06 7500 #0.77 7510 0.94  73.00 +0.81
Egg weight, g/egg 67.18 +0.26 6623 064 6693 +0.38  67.08 +0.41

Egg mass, g/hen/day 48.40 +0.80 49.67 +0.74 50.27 +0.73 4898 +0.61

Y T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.

> Means + SE. within a row with no common letter are significantly different (P<0.05).
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Table 4-4. Effects of dietary folic acids on egg and eggshell qualities in laying

D2
hens!?

Control T1 T2 T3

Eggshell strength, kg/crn2 3.03 £0.23 2.83 £0.37 2.93 £0.95 2.70 £1.04
Eggshell thickness, 0.0lmm 35.04 £1.65 2.83 £0.37 34.93 +1.98 35.17 £1.47
Haugh unit 83.57 +2.85 83.17 £2.88 82.37 £2.17 80.07 £2.25

Yolk color, R.C.F” 737 +0.07° 800 +0.00°  7.87 #0.03*  7.87 +0.03"

v T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.
? Roche color fan.
> Means + SE. within a row with no common letter are significantly different (P<0.05).
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Table 4-5. Effects of dietary folic acids on the contents of folic acid of eggs in

laying hens"?

Control T1 T2 T3

Egg yolk, pg/egg 1258 £1.17 1358 +3.62 10.71 £3.12 10.63 £1.19

Y T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.
? Means + SE. (n=4).

Table 4-6. Effects of dietary folic acids on various blood profiles in laying

12
hens?

Control T1 T2 T3

TOTAL-C, mg/100m¢ 118.83 £8.63 110.50 +4.10  112.86 +3.45 105.78 +7.33

HDL-C, mg/100m¢ 46.37 +1.11" 4963 +059"  49.31 £0.55"  49.31 +0.27*
HDL-C/TOTAL-C 0.44 +0.02 0.43 +0.04 0.44 £0.01 0.51 £0.04
GOT, U/L 15172 #6.75  154.31 £2.38  143.62 £3.37  152.27 +2.28
GPT, U/L 11.46 £0.78  10.44 £0.62 9.18 +0.39  10.14 +0.29

U Abbreviation : TOTAL-C, total cholesterol; HDL-C, high density-cholesterol; GOT, glutamic—
oxaloacetic transaminase; GPT, glutamic-pyruvic transaminase.
» T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.

> Means + SE. within a row with no common letter are significantly different (P<0.05).
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Table 4-7. Effects of dietary folic acids on the contents of various lipid fractions

of egg yolks in laying hens'?

Control T1 T2 T3
,,,,,,,,,,, mg/g e
Cholesterol 1393 +0.24 1378 +0.32 1393 +0.50  13.21 +0.46
Triacylglycerol 196.54 £5.17 18557 +3.67 197.59 +8.89 191.22 +9.92
Phospholipid 73.00 £2.37 7125 +#290 6725 +2.19  66.35 +4.39

v T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.
? Means * SE. (n=4).

Table 4-8. Effects of dietary folic acids on sensory evaluation of egg in laying

hens
Control T1 T2 T3
Flavor 7.68 7.64 7.72 7.69
Overall 777 7.75 7.81 7.76

v T1, 2ppm folic acid; T2, 10ppm folic acid; T3, 20ppm folic acid.
? Mean (n=8).
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a1, ol

’

i)

rlo

- FY U E AFA JAAQ pravastating AEA A FAPS W I3 Fe

2EFo] Ayt Akl vl3)] 20% AR THKIm 5, 2004)

- s EY Fo & AAE A PH(egg yolk—enriched garlic powder, EGP)E o] &
g ATl A HL 60 cellZF-E] peroxide S oAstgom F35 QoA E=wA
slo] oS 98] s&4oR o8 = S Aol (Yamaji &, 2004)

- vlE FEFE(garlic paste)E AFgHAlCl S YES wf F AL FAHQ G
S AR godA Y ZFHzHE ¥ oYzt 43 J ZHxdHE FFS A
71 &397F 325 A (Chowdhury &, 2002).

- 10% vlEES A¥IPS u AEACA RS AEATE YA HE=7]

(fowl mite)E& E¥Ao = 7HAaAZA 5 YA (Birrenkoff 5, 2000).

- 95E BFE TAR ATAE el A FHE o AN o] B4
g W ool AW W FAsHE FFo gasts Adsh vhebdtHKurtoglt 5,
2004; Panda ‘s, 2003).

- RS BS T 2 R/l Addge FHoR AR Adus 33
FANR F e, od Tl YaAE T mm f71EzEe] 2 Aol7h flrhe

A3} (Jiakui®t Xiaolong, 2004)¢} 718 AU go] o && 4 olgt= A3 (Payne %,
2005)7} R HalE A}

- 2FA AR W e AW olde Tt nEFFEZ v HE&H AL
2 Yes o (Skrivan 5, 2005)
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- Lycopened 100 ppm Fw+o2 FHogddd Aol & iAol Ay
Haugh unit7} 71X H & 37 #25Q 0 (Sahin 5, 2004).

- AA EBSdE AbdAe Fgods W dFol #Aiste ddde] dfeH
(Yamazaki®} Takemasa, 1998) ©l& #d3d] o] &std $7] dztde 74 a3&

de T S Aol

- AA 7} "®(L-carnitine) 39 % 9T E MAToEZA Ade J#AH FHAS
A7) =d(Rabie &, 1997), olg3t 3= 1 ASZANA ¢ £

UEE S A tHCelik 5, 2004)

- AF W folic acid S AR EA folic acidE FEog2A Z7)sxw o

g FEollM AT Wze] ofgo] Ao =< FtH(Hebert ‘s, 2005).

- Folic acid®] +#4 A= % homocystein F+& w53 dedd} A
AUALE AMdA DL FAFAS dstE 237 uk(Villa

5, 2005).
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