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Abstract

This study was performed fo measure the effect of carotenoid polarity on absorption and
pigmentation in blood, muscle, and skin of laying hens, Carotencids used in this study and polarity
were B-8-Apo-carotenoic acid ethyl ester(ACAEE) ) astaxanthin > canthaxanthin » B-carotene.
The chickens used in this study were 61~78 weeks old ISA brown laying hens.

Experiment #1 was designed to measure the effect of carotenoid level on the accumulation of
carotenoids in carcass of laying hens after feeding for 6 weeks, B-carotene was accumulated in skin
only at a detectable level when it was fed at 300 mg/kg feed. The skin was pigmented as vellow
when it was measured by colorimeter. The concentration of B-carotene in blood was proportional to
that in the feed. Pigmentation of muscle by B-carotene was not effective. Canthaxanthin significantly
increased redness of the skin(p<0.05).

However, canthaxanthin did not pigment muscle. The level of canthaxanthin in the blood and skin
increased as the concentration in feed increased. ACAEE at 200 and 300 mg/kg feed significantly
increased yellowness of the skin(p<0.05). At all levels of ACAEE used(>50 mg/kg feed) the b
values of colorimeter increased. With increases in the contents of ACAEE, the concentration of
ACAEE in the blood and skin increased.

Compared to B-carotene, ACAEE and canthaxanthin were absorbed 9- and 3-fold more into the
blood, respectively. The concentration of ACAEE and canthaxanthin in the skin was 1/10 of those in
the blood. The lower were the concentrations of carotencids in the feed, the higher were the
absorption rates(from feed to blood and from blood to skin). The results indicated that the higher
was the polarity of carotenoids, the more effective were the absorption and pigmentation.

In experiment #2, the effect of carotencid levels of feed on the accumulation of carotencids in each
body part of laying hens was determined.

The colorimeter values for redness and yellowness significantly increased when canthaxanthin was
fed at =50 mg/kg feed(p<0.05). Breast and thigh were not affected by feeding of canthaxanthin at
the levels used. The L values of muscle but not the a and b values were significantly affected by
feeding at >200 mg/kg feed for wings and breasts, respectively.

The yellowness of skin and muscle significantly increased when ACAEE was fed at =100 and >
200 mg/kg feed, respectively(p<0.05).
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Carotenoidse 1813 Wackenroder7} @29 ®zlold AN AXEQ B-carotenes Hu L3
o]% A& carotenes EAHE Yr|E Eotw U, carotencidsE %], &%, WA, SUAE
A So] BrEollle 4 AN T Ao 242 AdAdAM & 19 E/d A= AT
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CarotenoidsE E-5al W B-carotene, lycopene S Zo] A} o] AAE R38R %2 carotene
3} lutein, zeaxanthin, violaxanthin & #AF ol 48 /3= xanthophyll2 WiHE Tt Carotenoids
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HAEE, 1990). carotenoidse ¥¥Hd o2 840 Y o|FAFe 7t F255 FHAM A
o2 ojgsle Ao 4PA glon, XTI v &7 g &, A AL FEol L, IIE,
gFoFZ, peroxidase & 97 4tstE o] s E 7] 3l
A FZd Fo FFH carotencidst 28 HAFE A F9 FMo o]&5o] ged, B-carotened}
bixine.2 FAE annatto, crocetin® #RZA|<] saffron, capsanthin % capsorubin®] F8/3%<! paprika,
xanthophyll $%%, 32 $%9, red pam ol 50| tEA|tHBritton? Goodwin, 1982 : Borenstein
%} Bunnell, 1966 : Bauerfeind % 1971). s&tgAd o2& 19539 2929 RocheAH Switzerland) ol <]
ato} B-caroteneo] FHALZ FAH7] AlFdt] AalE canthaxanthin, astaxanthin, B-apocarotenal
5ol 2% /HEAE, EF 5% ), AF 2 AFY FAAZ o] rh

Aol A3 FAHD FEHE FAE QoA AL vi$ Fadd, oA AFY A= &4
AT} GY7) H7E Gol 2 T ot HrHER A uqe AAE EREFE 1 /A
=4 B7157) YFoltHColed Haresign, 1989). T3 AAg A4 Anjzte] A3xg w9 A|F
Ao z)hek 93-S vk Allen(1988) & 71259 UM carotencids FE=St 3ehA XA whet
2k 5, HAol agm

AT

B3 22 =3 g B0 olF FPES AR FH0] . &
Ao olgig AAE oot FiHEo] AT MFE MEEF ALRY) carotenoid 58 MAE 0] &3]
T g,
d& EH, Uit AN E Mg k@ gurlg A AFstr] wio FANEY T
2S935k oxycarotenoid &AMl A7t
o AF ditA oz ARy SR8 &54 Sol E7H B-carotene® xanthophyll®] il whe}
A 383 §4 o Aol H9Hh Ty Addl glo] wigdAlEY EEE carotenoid7t A
e 9 By T 9rYEE AHEEe mel ojg ALY o] uf$ nFo|AY FEA U<

oJgEo] wo} AH|AFC] Ut AF Mol YA ¥E A7 A TH Parker, 1992 : Bantovel
Bornsteins, 1969). ©]& F5317] 98] carotencidEe] AHEEHEH, HAZAAZE marigald EZH(FF
3} Tageteserecta), %25 (algae meal), ¢ #3} £ (dehydrated alfalfa meal) 5°] o8, A-F2A
A ZM¥E astaxanhin, canthaxanthin® B-apo-8-carotencic ethyl ester’} FE AFEE 1 gl

II. Carotenoids®] 71

Carotenoids® @A 9lolo] &+ conjugated double bonds®} FZ& 7FX 1 Yol Ao Faldt Rz
47l free radicale ERAY ditet 715S UERATH Tee, 1992). 53] B-carotene % astaxanthin

10 CaroteroidQl 200t AIEAIO) TR M0 DIXl= s



=280 M20A 3183 A StaitHg]

T ¢ 2L dAE L Y S vekd B opg T8 WA £, AW 24 oA, o
7 A AN 5§88 /154S VeI SAtH(Baverfeind, 1981 : Pierre, 1997 : %M

Carotencidst 34tsl7)%s 9o “atal o i 2ol Bl dha] 2 ( Marusich®t Bauernfeind, 1981)
H2 AolA carotencidE F4E = §l7] B AIEANM FFdlddol Fh(Dua 5, 1967 : Twining
5. 1971). §9 Aol Al carotenoids & FE xanthophyllo] AW A w32 °]‘4 7§7 folof %75
£ A% Lel=u(Livingston 5, 1969), carotenoidst= A &4 & v Ed A dHHD T2 25l &
THHGoodwin, 1955 : Olson, 1964).

Palmer(1915) = At 9ate] T35 = xanthophylle] W, A, &4, H7ko] 4 Wi 8 2
A et &%, Davis9t Kratzer(1958)& 4% A 99 *H]Z}T‘—Z‘% 59} ol A A
Hes Assty, dF AFdAM = FssiA F8E A7 22 7S weta Busided, 499
A 71FAE] A AR R r,Hx;]—o] Z g3t}

e 'Y FH8EE AaMe 9T FAe Aot st ol f4A ¥ dolth
carotenoids& 13t ©rjAtES FE o ?—l@ A @3, AHEERY /M0 wEt AAZES Aok H
7] g Folt} o & EH Al glo] M9l yellow corn, corn gluten meal @ A2 alfalfa mealdl&
xanthophylle] kg% 2zt ok 20~25, 250 2 600 mgo] So1leut, AA7Iz St dheFe] Azt dou}
F T Az ASE A7) o &ut FA e H717F D 88t Livingston &, 1969).

(1) Carotencid® ¥ 4= ]7‘]—‘& 84

Sunde(1962)& & FF&2 FAA, FHAU o2 gcld weh dFe ety AL, Coledt
Haresign(1989), Miki(1991)& ZFollA carotencid(F2 xanthophyl) &= HolM EFEHo 2 &7 71€, 7
Wz dg 5 oy 234 A9% 2H8dn Bastatt olm, 49 carotenoidsE HEAME F
2 esterified caroteno1d34 de) 2 A elA 9k, d3odlE free carotencids® EA) b‘h’/b_ kgt

ALEAE0] carotenoid®] &l vIAlE dES AWEW, Alg F9o] A 4eteko] ¥& w carotenoid?]
FFEL FoXE Aog #uyed, AR 4 5 %9 H7M= oxycarotenoid® o] &AL Z7IA17
TH(Day$} Williams, 1958).

FRE 4~10 % A7t F9atde o 5o HRoe NFH FFe] Frbol we} oxycartenoid] ¥
of Ao, V&R e ol Ut &&o| Wolxe Aog vElthHHeathel Shaffner, 1972). Han
S(1987) & oll o] & o ZF7Y S45E FANAS Wl 5] oA o uwhel H7Fols)
YA Atoldl& ol e Zuo] ule} carotenmd«] 47t S AL Bty &3 AR
AHke] F7tol whet B-carotened] F7F M8 S HAFH(Jayarajan 5, 1980).

Maw(1939) = Z=AA W s FATo|= Ho AadA 7} 9lon, Hﬂld—]- Dansky(1951)= =8| A4
I AR A Atojole Ao ARBAI} vk dAth 2y AR Aol 43 carotencids®] &
TE 3ste A2 ohdd, EH:JUHH At A7he fell vitamin A7F UF Bel &RH9 7] o
woll ZFAg wejdvn 2159 o (Hammond® Harshaw, 1941), free fatty acid7} =& A}8% &
A0 ANE wh

< el gttkar 39 .2.H (Marusich®} Bauernfeind, 1981), Ratcliff 5(1959)& A4S 4 %E
A7Vt e o 2o gt AlEA WY &3 JelA esittn Rastst
Marusich % < AL A Y F3o wEME Ao)rt glttn BRass:, Scott 5(1968)
ABAY FE 2L FFolTzE A A olst tim stHen, SAY HEE FAo)gt R
ol Hof °§6§§ ux &, Hinton §(1973)2 ZH(Cobb) AlFE dHol F7lHTt H7o| A7}
o Esitha st o, FElE(Peterson) AlES ¥ wat zfolr} givkm shdch
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S|A NN Eimeria sp.8] EAE N xanthophylld} ZHEZ ZF4A17]9 (Blentner 5, 1966), Hbol#ix
3 AL B9l xanthophyll FehE WA EFEFTET] BAVTH Winstead ¥, 1985). £, &
FEFSITFL aflatoxin® ochratoxin(Tung® Hamilton, 1973 : Osborne &, 1982) ZAE3(Ruff,

13
1984), # 2ubo]2 A(Rosenberger, 1984) 2 Al5.9] B3 (Marusich®} Bauernfeind, 1981) oy 89l
off oJste] sttty st

(2) Ao #A3}+= carotenoids

Marusich®} Bauernfeind(1981)2 red carotenoid®l canthaxanthin(B,B-carotene-4,4'-dione)2 4§ 7
Ztet 2F9 g oM Fade FAgtn s¥oH, Guillou 5(1989)2 astaxanthing 7
3t AEEE BRG] A AeA vitamin A, alcohol $HEFo] Bo] Frlehe Eletgon, Schiedt
5(1985)2 A 7h$olo] F93 astaxanthin® zeaxanthin©] vitamin A;$} vitamin A2 UAMEE B2
atA oM, Saito®t Regier(1971) 0l o8] Aj5-¢l Ao} Fibgo] Fojo Mo HFH 02 AMEHIAT

Ganguly 5(1953)& A)#AlEo) £43% a-carotene, B-carotene, lycopene, zeaxanthin 2 crypto-
xanthing HollAl F9349 S o A, 7F 2 dad) Ax] & %9 carotencids?} 41318, lycopene
gl 7+ 9 3A2olA, carotened BA| FANAT g SARAT D Budgn, Smithe Perdue(1966)
+ corn gluten meal® alfalfa meal F9A] FF9 FFOZHE carotenoid7t #8]|5 =, a-carotene,
cryptoxanthin, lutein 2 zeaxanthin® 4712 & &<l O}S’ai‘rl H g

Harms(1979) ] &3l yellow corn, corn gluten meal 2 alfalfast 22 AR ¥4 xanthophyl®
Hlgk FRoA] Fdo 7ldste FEo] data dgith

(3) Carotenoids®] Fojo] olgt &A1 AL AR

Janky 5(1982)2 #41-8-449] xanthophyll& AlZol 093~3.74 mg/ke A7sle 85 E< A F
AstHE W F7dole A= IR {8 BYou, ZEdA ¥ xanthophyll®] Z$ole &
A5 HolA gtttn Emsitt

Ouart 5(1988)2 2] 7}A|9 Alft 2AA7L SA1e] AYidd FA nxle 298 FHYE,
Corn gluten mealo] 8 % E3H A& Liquid® Dry OroGlo5(Kemin Industries Inc., Des Moines, 1A
50301), Cromophyl-oro(DESY International, Brogue, PA 17309)& 25 %9 50 %Z 27 A7tslo 43
T3 RS W SA9 JtEHYE AT g AdAe Fojge] @Al zlelst ik Y A
ol 7kl R color intensity’be 2 $£Eo2 FAd9S o A2 Fyuce d4 Hego
OroGlo7h &A|9] o520 TSt Z#HHolu, A Hej& Fe}UE ol xanthophylle] AHFE o
j.973¢= Sl Bnko 5 4=}

o,

Saylor(1986)= kg9 16 mg®l xanthophylle] ¥ 7]ZAIEO HWFEoA &3 xanthophyllS
28 mg A7kt ¥ xanthophyll o] kgT 44 mgo] HEE 3t FAHAS o F7ol} A9 F
Are d27Y FAAE BHom(p0.05), 7HEHRY LF a= #o]E& Holxl ¥oy pe

xanthophyll 77t fad o2 Esitta SIATH(p<0.05).
Fletcher$} Papa(1986)+ saponified marigold concentrate®} nonsaponified marigold concentrate?} %
A g5 tX e FEHE vad] Yste] M 258 J) XA SO F xanthophyll &2ko] BU 3}
Z5 ugtsie] 499 < 74101] #9389 S M saponified marigold concentrate Al =453} F
dolel AAmst feld oz AAHATT S THp0.05).
Marion 5(1985)2 449 tjekst =F3 P} ?4%:'-9} B7ole] Mol nX e FgS Golrs]
ko] 4471 0, 50 2 100 % FRHE 2ANEE 33 B9 Fosty, TIALROE 4%y wut
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Z1Z2AE0 6 %2 corn gluten meal F7HE 3 %9l comn gluten meal + AFA MLV} THE Hi GloE
A7EE S o, 71T Aol IR HATE 27)AEY &44 xanthophyld = B18tn o317}
AAT. 2HY 6 %9 corn gluten meal, 3 %9 corn gluten meal + AFAMAE FUlstq 3o F
AstRE W steH o] JF9 Fee foFoz AU (p<0.05), corn gluten meal F7}
T AEZ Zel7h gt Bastgld olejd AgAn, 27le] A £Ee EAY e
FHFE HAA ZE7] Qi SAY R4 ] st F71e] A xanthophylle H7bete
Zo] vigtA|sin, 7hgaFo] e 7é7c}°]94 ARt o Rzkeittn Euskgit

Williams 5(1963)2 A2l 4L ASHE &L £39 xanthophylsE F493 A F7] 2~33
ket 1429 xanthophyllsE F93t Aol &7} FUsittn 3t 2, Heiman® Tighe(1943)& &

d QL7 =24 g A9 JF25EY 448l57] fo] xanthophyllsd] o8 ZE U¥ &

=

[e)

r& o

datrta skt
Hinton 5(1973)2 HAzAA 9L A 2AA 9] xanthophyll o] €4& FolR7] Y35t yellow corn,
vellow corn + alfalfa, yellow corn + corn gluten meal, vellow corn + alfalfa + corn gluten meal,
alfalfa, corn gluten meal ¥ alfalfa + corn gluten meal® A BALRC] kg% xanthophyll& 7.7 mg¥
121 mge] A sz, FA&MA| avizant(citranaxanthin) @t canthaxanthin® xanthophylle] S¢i3iA]
%2 7MY kgT 44 mgT 88 mgol HEF 3t SAd FAHE o, HAFMA = FAol
Hyo FALE fojzx oz ZJIAZ =Y, xanthophyll o] $E &S alfalfa¥the yellow corn® corn
gluten mealo] Fkow, FAdFAA Sl 7S canthaxanthin®] avizantBTh o]&A4d¢] o Fgton,
xanthophyll& FF-ETh= F7ol9 AAd o & o] 4HAttn Hustgict

George 5(1970)2 AR £% P-apo-8-carotenoic acid ethyl esterZ} 0, 5, 10, 20, 30 2 40 go] &+
B ARE SAC 3F B F989S o, AR xanthophyll FF0] 7HESE g7tolsl B Fe] A
< AdHoz Frkstdttn Bustsith

Stone 5(1971)2 70| MZo] FE42 9¥ Y carotenoid FHF2 71t a 319 2™, Lambert 9}
Knox(1927) = ¥-2) ¢ A7olo] =& gz gjio] M7 Alelde= AT FAZL 21‘3}31 2o
T3, Daviset Kratzer(1958) A ARE 1797 39T ¥ 7‘—& Az AMEE 393 Hotel
8% xanthophylls §FS 3~4F F F7ol9 FAxe & AFAAE 7Kt 0}93\3}

Iy Herrick 5(1970)2 7o) A3} sj¥ztdale= A7} %’iﬁb_ H 1 0™, xanthophyll©]
D FAMe = o]gAol EX Fuim dAHFritz 5 1957 : Day$} Williams, 1958). AtEe] ojd
mycotoxin® ZAE HMEARE AN (Tyczkowski®t Hamilton, 1984), lutein, zeaxanthin 2
cryptoxanthin® Z-2 A xanthophyll §A19] 3524 7XMo] &34 e (Quackenbush 5, 1965),
neoxanthin®} violaxanthin® &37F Qlckx i th(Kuzmicky 5. 1969). House(1957)% <A 01]/\1 A
o FAZ A As =T xanthophyll 95~10.0 mg«] A7V 24F0lg 1, Fiitz 5
(1957)& FAZ7b FL& AAES daire Algd BEET 125 mg £50| $oha B

@A canthaxanthin®} B-apo-8'-carotencic ethyl estere 7% 83 FAAMA 24 (Marusich 5,
1958), Marusich®} Bauernfeind(1962) = canthaxanthino] SA Q] Hold] A= S wbAs

3 5(1989) AAFAA o AFAMAE 4537 SA Y F959S 1§ ZF xanthophylls T A
JlrEe] 2248 g%on, i F7ele AdnE HrlErt TR ZA ST Boke),
Akreol 24 E ANl wokon, AAAd 93 Rl FArE slERtE F7ole FHao
Settha stk aEm 3“3 ZALAAE 2 FEo Ad FARAABY AN TN} 9550
(p<0.01), M AR & 2L 3 Qg AR A a7t St a(p(0.01) s
A9 5 e /\}i = AU (Fletcher &, 1977b ; Janky % 1980)°l12] Zd et /HA

Carotenoid®l S0UF Mt O] X SM0N DIXl= Q& 13
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edl, 3% A43 &4 xanthophyll ¥1&S] F7FE AFer] WEolZta otAth(Fletcher, 1931).
Collins 5(1955)& A7Fole] Al vl 4% medteiol ke, Stone §(1971)3 Fletcher &
(19772)& AAe] e (Aolx o BAHE 229 carotenoid FFH @3 A TS F& sty
aelejetn Eastgich

Janky®t Harms(1983)& WAAN} F3AALA AlSehe SANA 54 xanthophyll ¥%F°] ke
2 484 mg9l AtEo] AMAQ canthaxanthing 0, 1.1, 22 2 44 mg/kes 79 S o A7do]9] 3
B AT xanthophyll AH &3 o] BA ART excitation purity(EP) o)A A&ZA 7 Ao, 7
Ate] o] wE Aol HolA ¥t dominant wavelength(DWL, 34 #2 FAAAA ALS
& o canthaxanthin F3471F 2 kg? L1 mg A7Fp7t Aol 357t frela oz ¥glonk(pc0.05),
canthaxanthin 22 2 44 mg #7F7e AALY Feo @& Fol7t glrtz asich

e A AN $A1S) A 7to] FAEE AlE canthaxanthin® H7FEEo] F/HESFE f94
(p€0.05) 2.2 Z7ttta 8t eu, Fletcher S(1977b)& WA L FZAART ZATr} o 94t
s

Heiman(1966) & alfalfa meal, yellow corn, corn gluten meal 52 Al#d A& 93 Aoz
AR =, o8 KA i A FAFHL o JXE 1ol k. e, alfalfa
meal® yellow corn® xanthophyll BAX S 7122 819-& W alfalfa meal®] ZFH45H2 yellow corn
30.7~75 %2A vellow corn® xanthophylle] alfalfa mealo]\} corn gluten meal®] xanthophyll®2.t} 224
Tl ¥uhn B astgt

129y} Kohler $(1966) 3 Kuzmicky 5(1968)-2 alfalfa meal®]Yt corn gluten meal® xanthophyll®]
FAeLe B5d FEOE AR FiEo glor SASRY FNEIE FFoIhL .21, Day
9} Williams(1958), Ratcliff $(1959), Dua 5(1967)% alfalfa meal™ corn gluten meal® xanthophyll
SAY ZAAE g3l o] 8%t F5dtta Skt Wikinson® Barbee(1968) % H]S:ditia apxl ot
GFHrt AF §&40] BolAvkn Budtrt.

SAY AAP=Es AES xanthophylle] olste] AL WA 2HH7] dfEd Tttt A

(Palmer, 1915 ; Heimen® Tighe, 1943 ; Fritz &, 1957), Atg oA th-7F-2F Mne 2HA0
AlZ1tka 8 o™ (Hammond$t Harshaw, 1941 ; Goldhaber %, 1950), 4, ol¥ ¥ ti5{s npzl

7WA gk B8k oH(Culton Bird, 1941).

53], carotencidsAl MAw A B i HA A2 & Ul WEA ALEl ethoxyquin
(6-ethoxy-1,2-dihydro-2,2,4-trimethylquinolin), butylated hydroxy toluene(BHT), butylated hydroxy
anisol(BHA)# 2& 3418419 Hrle vt & A4ERE £ F vk st chH(Dayet Williams,
1958 : Bartov®} Bornstein, 1966).

Potter 5(1956)2 &4t3bA| <} vitamin Bipol W&t carotene® ©& carotencid® #F4 &S F+9H3}7]
Y3k, vEAA A vitamin A9} carotened ©E FHLYOE alfalfa leaf meal AFE S| DPPDE A7/t &
AstgE W A oAl vitamin AS} carotenoid® ¥ B3] FUlelE o, BHT A7Hde 4
Aoz AA Frtetach

a2} 3 yellow corn 64.2 %, alfalfa meal 5 %9} A|BALRO| % vitamin BpE 12 mg A7t 7
oAl 7+ FA 9 vitamin A} carotenoidE2 A&A 02 F7bHA] kot 9K carotenoidE-2 Al
£x o2 Z7H e, DPPDY EAleFo] BAglo] vitamin Bipd &7l 93t HRF o= carotencid
7t 8ol 7Kt n Basdt,

S449 FHGB0 % o) carotencid(Marusich®t Bauernfeind, 1981 : Grogan® Blessin, 1968 :
Quackenbush %, 1961)91 lutein®} Z-& dihydroxycarotencids %< 2o tiehs] Aoy 44

14 Carotencid®l S0t &= A0l TR S0 DIXle %
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d 8~10 % A= TAFHo UE E UE F759 cryptoxanthin@ 22 monohydroxycarotenoids=
dihydroxycarotenoid the A g7t Ackn agen, =3 244 carotencidd] W& F8 F7/S
carotene ZAEI7L A9 fivkar 8+ tH Quackenbush, 1970 : Marusich®} Bauernfeind, 1981).
Matterson 5(1962)3 Bauernfeind®} Marusich(1974)& &2 A% 48244 canthaxanthin®
AdzaA ot A AH4E o 22 FAFHE Yepdoin a1, Farrt Couch(1970)& canthaxanthin
< AdFAA Y A FAREE W ol eAdFH HF AMAo] Fopdna sidledl, Marusicht
Bauernfeind(1970) & At A o] E3]&o] Fo8 Ao A€y gt

oI, =sjA1e] A7l AdeAle] Mo vlx]= &5}

(1) ZAA 9 A7lrFo] g A9 EAS 2 =AY FAd vX= 9

B-carotene, canthaxanthin 2 B-8-Apo-carotencic acid ethyl ester(ACAEE)E o]AtHehe A7
o 637 FostHs u TAe HFEFAe) e P Table 1014 B ukeh 220, B-carotene
ol B¢ HE(L), BAZ(h) 2 AAE(a)E GFE B4 ¥Aued, olHT AR T F(1989)0] HA
AAAE 457 §A FA3I9E | 7Ry FAze A7t BAMEY AR 3o,
Hinton 5(1973)°] A< xanthophyll A7t oA sl AMEE felHoz F7AZTe Bast 4
olgtt], o|R& FAZy FAMA Y HrleE 2 FFYel By YRR AlgH e, Marusich &
(1960)2 4tgtAl 9] 2L FFo wX T Aol7} Ytka Bmatg on, Scott 5(1968)2 AdA 3
* 22 FZolgkx AMA T FMatel st gitkar S

Table 1. Effect of carotenoid levels on skin pigmentation of laying hens

>
Treatments(%) I CI; >
C 7114 + 108" 167 + 055 618 * 1.29
0.05 7131 £ 075 135 £ 034 1003 + 2.36
B-carotene 01 71.08 £ 1.10 144 + 038 977 + 113
0.2 7294 £ 063 1.05 £ 0,07 847 + 061
0.3 7331 £ 061 163 £ 051 1003 + 1.85
C 72.15 0.60° 931
0.05 7342 0.60° 10.00
Canthaxanthin 01 7311 L7 11.74
0.2 71.40 2.42° 10.30
0.3 7145 2.02°° 10.75
C 72.15° 0.60 931°
0.05 7323 044 11.61™
ACAEE™”? 01 72.20° 0.61 12.78%*
0.2 7452 0.04 16.45°
0.3 72.25° 0.14 14.65%

¢ Means with different superscripts in the same column are significantly different(p<0.05),

? CIE : Commision Interationale de Leclairage, L* = lightness, a* = redness, b* = yellowness.
" Means = SE.

pr2 $3-8- Apo-carotenoic acid ethyl ester.

Carctenoid®l 010t 2f A0l &H M0 OIXle g8 15
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e Fletcher $(1985)3 Saylor(1986)7} xanthophyllel F5<dol wheh &4 sjFo) F45H2 o
29| B-carotene® FAMET7F A9 ¢oH, Quackenbush(1970), Marusich®t Bauernfeind(1981)7} %
4% carotenoid®] THE F8 279 carotenee A g37F A9 gltkn Hmg A3} A

Canthaxanthin® BE(L)% B3HE(b)E o|& HolA gkou, AME(a)e 02 % F7H7T dE
U 005 %FET fHes EtEd (p0.05), canthaxanthin®] 7ol ojatd HwtAoz AMEE
FoRRle A B

o33 A= Janky$t Harms(1983)7F SANAl €54 xanthophyll 3] kg 484 mg?l AtEo|
29 canthaxanthin® 0, 11, 22 % 44 mg/kg A7HAE W H73old A% FA=E xanthophyll
AHB3 9By HRE excitation purity(EP)eld Z#BAZE AQeH, AN ALE9
canthaxanthin F7}p30] Z7185E §719 7o) FAEE F944(pX005) 22 702 & A
A% 8T}, Farr® Couch(1970)% canthaxanthing AL A Foi@ of o] &3} A7 4
Ao oAtk 8t o™, Marusich® Bauernfeind(1970)& A& gle] E3v]&o] 88 Aog
Aztgickn 3ol

FAZAA9 ACAEE F4A Fze 1 AAEAN} 2A AF LA (p€0.05), o1 George &
(1970)0] A8 E% B-apo-8-carotenoic acid ethyl ester7} 0, 5, 10, 20, 30 2 40 g -HE AIRE $7
of 3F ot FAAS W A9 xanthophyll 50| Z71d45E AZeole sFe] M2 AHHcs
Z7helatha Bad An gold e A Aol €5kl fEeR Algdrh

EAge FAE M EFHE Table 2014 Be ule} o] B-carotene®] 2+ HE(L), FAE(H) Z
AN (2) SF9 vp7IAR 2ot §ilen, Canthaxanthin® =AEY HE, HAE 3 A E
A olw gt gkt BAH Aol Holx ggted], AMA A canthaxanthin® H7be 339
AT A Eee Aola BASe] AR NAde ZHE ol ¥kt
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Table 2. Effect of carotenoid levels on muscle pigmentation of laying hens

b
Treatments(%) I+ CLE* "

C 59.49 + 006" 332 £ 030 016 = 0.28
0.05 5982 £ 276 351 + 041 023 + 0.56
B-carotene 0.1 63.07 £ 2.56 348 £ 034 126 £ 1.20
0.2 6153 £ 098 287 + 040 -0.39 + 0.23
0.3 60.28 =+ 1.16 3.43 £ 0.10 -041 + 0.19
C 6047 £ 2.65 258 + 0.74 -051 + 043
0.05 5888 + 2.02 327 + 065 003 + 051
Canthaxanthin 01 63.09 £ 3.10 247 £ 031 055 + 132
02 60.13 + 145 307 £ 013 -0.67 = 0.50
0.3 59.17 + 1.00 227 + 040 -0.69 £ 0.16

C 60.47 2.58* -051°

0.05 60,76 2.66° -0.25"

ACAEE’*? 01 59.38 299 2.17°

0.2 63.34 1.06° 2.32°

0.3 60.58 1.79* 2.68

a-b Means with different superscripts in the same column are significantly different(p<0.05).
> CIE : Commision Interationale de Leclairage, L* = lightness, a* = redness, 5* = yellowness.
" Means + SE. /""" B-8-Apo-carotenoic acid ethyl ester.
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Marusich (1958)2 canthaxanthin 7} 523 &4 2|2 Matterson 5(1962), Bauernfeind9}
Marusich(1974) & H24 Al5e P44 canthaxanthin® HAZAA L A ALgEHAD o 2
2R 32 Vepdtta s

ACAEEY 7% Brw H7brso] wet Aol& Holx gstoy, FMEE 01 % o1 7k i
274 005 % A7HET FoHoR Fol(pd0.05) ¥ A=} npislA 2 ACAEEY] H7tel ofst
o TASLY] FAT7} AL EHATHp0.05).

(2) ZAA ] A/ A=A BF 0 viAE 9F

8% carotenoids ¥=% Fig. 1904 B vie} 2l B-carotened] BF =T A9AEY %9 )
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Fig. 1. Carotenoids in blood after 6-wk feeding of f-carotene.

¥%9 canthaxanthin ¥X& Fig. 204 BE Hiel o] HykpFol Z/le4=E Z7pEQith
Canthaxanthin®] F4&&2 bB-carotened] ¥3l9(Fig. 1) "% ¥& FFo2 YeldEd (Fig. 2), o
H9] canthaxanthin 355 A2 vpd 1A 2 canthaxanthin B7}4Eo] Z7184E 2128 U
Bl ATH(Fig. 3). ol2ld Adhe Julusz 5(1986)0] WA 55-tfFul ALSo] §A44E A4 diketo-
carotenoid?] canthaxanthing 0~80 ppm #H7}8td A A FHAl &7te 959 canthaxanthin &3
& AR & HEst FUMIdn BEag A dAsia) by gie] HAng AMsed
canthaxanthin® 7}l &3/ & Ao AlgHo)h

ACAEEY] H7lrge WE 3 ACAEEY FEZE Fig 494 R wiel 226, Al89 ACAEE
A7brdol F7/HETE dddMe sre F/led e, 3440 € ACAEEY} canthaxathin®c} oF 2.3
~348) H= F=Ib ok

a3 9% T ACAEES] FE+& Fig 5olA B ulst o], dFo] 5T HSshA A7l
M E qRdAe sEx Fleth
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Fig. 2. Canthaxanthin in blood after 6-wk feeding.(’Cr : Carophyll Red, canthaxanthin)
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Fig. 3. Canthaxanthin on skin after 6-wk feeding.

BCy MZeaxanthin MW Luteinjl

S ki SRR s o

Fig. 4. ACAEE in blood after 6-wk feeding.(” Cy : Carophyll Yellow, ACAEE.)
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Fig. 5. ACAEE on skin after 6-wk feeding.

B-carotene, canthaxanthin, ACAEEY F4&& Hl@dlH, carotenoids®] H7beEEol s ¥F
carotenoids E4&< Table 394 B ul¢} 29] canthaxanthin®] B-carotene®.t} ¢F 3~44), ACAEE
E 9~124) A% FF&ol E*hom, carotencids®] H7lpEo]l HES4E FFEe] UG a2l
canthaxanthin® ACAEES$}S] vlmelA= ACAEEY &7} ¢ 3wl A% E$tth carotencids® H7b
Fo| W sjHe FEEL oMY rATAR carotenoids®] F7HEEC] REFE FTFEE0) X
tl, B-caroteneS A7FrEEd| #AGel F4HA 4gken, ACAEEZ} canthaxanthinBEth oF 3~4uj
F80] =9t 2719 carotencids7t HollN HE 20 F4E&L Y gRoAe npdsA 2 Hot
F&o] ALFE EYEH, P-carotened H7IFEd BAGC] F4HA ¥%eH, canthaxanthint
ACAEE7} A9 HIS8H 01 A =3t

¥ mov rlr

Table 3. Absorption of carotenoids in blood

Carotenoid(1e/g feed) B-carotene canthaxanthin ACAEE’
Carotenoid in blood(ng/ml) / Carotenoid in feed(ie/g)
30 6.62 26.28 74.67
100 5.30 2347 52.61
200 415 15.77 4449
300 437 11.68 39.78
Carotenoid in skin(ng/ml) / Carotenoid in feed(us/g)
50 ND*? 331 10.73
100 ND 185 6.51
200 ND 1.05 3.39
300 ND 1.16 343
Carotenoid in skin(ng/g) / Carotenoid in blood (ng/ml)
50 ND 0.13 0.14
100 ND 0.08 0.12
200 ND 0.07 0.08
300 ND 0.10 0.09

’ (-8- Apo-carotenoic acid ethyl ester / "* ND : not determined because of low carotenoids,
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(3) ZAA Q| FHEFo| e FES FMd nX=

SAKE $3o] AZE o] 2 Zog Zylete FAHEM, BESY FAE fAd g3 £& FA
I AR 7HAE Eo]7] 98t canthaxanthin @ B-8-apo-carotenoic acid ethyl ester(ACAEE)E 5
F7F ojAlr e AtghweAld] Fo8lth Canthaxanthin® F97} @7 89 Ao v|Ae JgF
Table 4014 E& uig 2o, 9x(L)e o7t ey A% (a)E 02 % 2 03 % A7H7h o
Z27EG foH oz Eohon(p0.05), UE(p)E BE F/H7L dX2TFEG EURTH(p0.05).

Marusich® Bauernfeind(1981)€ red carotenoid®! canthaxanthin(4,4'-diketo-B, B-carotene)& 2+
259 279 Ada FEod B3N HAgtn dFed, AT Adee AL AFA
canthaxanthing 0.2 %, U= 005 % o4 H7/M ANZ jde a7t glezt Algdd, 7t
v 5ol Ao i FRoAel o] Fa3 AMETE Holz| gt

o] AL F 5(1989)0] AT HAUAE 437 SAo FAAE | 7t FAeE HrrL FRMT

1, A7MeEe] BE5E ARt Edvn ¢ Ade Aoldt A28, Marion 5(1985)0|

ZaA e okt 23 eyl AR uAE IEFS golrr] st S50, 50 E 100 %
e 27IARE 3F B F9ENE 9 R FAEe 27)A8Y SF xanthophylll® &
Falam gz} gt Bud Ade gy 28n tdege AMsE 005 € 02 % A
7t A2FEG AMERN W (p0.05), B7teEe] 7t bt 93T AFE HolA gten|,
¥ canthaxanthin 005 % 2 03 % 37kl 2Jaled AN =HATHPL0.05).

O

Table 4. Effect of canthaxanthin levels on skin pigmentation of laying hens

CIE’
Treatments(%) I e b
C 7452 1.82° 1056°
0.05 75.16 339" 1423
Wing 0.1 73.30 359 14.06°
0.2 73.94 417° 1456°
0.3 74.65 374 15.16°
C 71.82 + 154°° 1.16 + 046 1126 + 052
0.05 7257 + 112 170 + 084 1286 + 1.17
Breast 01 71.95 + 0.35 244 + 051 15.15 + 359
0.2 7198 + 1.25 168 = 0.73 1131 £ 111
0.3 71.03 + 1.05 147 £ 070 1067 + 2.70
C 7217 1.07 888"
0.05 72.89 2.80° 1229
Thigh 01 72.78 2.16% 10.68°
0.2 72.04 2.34° 10.36®
0.3 73.62 1.65% 12.20°

#¢ Means with different superscripts in the same column are significantly different(p<0.05).
» CIE : Commision Interationale de Leclairage, L* = lightness, a* = redness, b* = yellowness, / ?? Means t SE.

Canthaxanthin® F97} 2880 v)xx ZMEFAE Table 5014 BE vie}l 2oy, @ige A%

AT g FAT JJMoe A7t gldley, BEE 02 % A7t dzxTFEY foFog 7hadty
(p€0.05), canthaxanthin® H7te @igides 28] iS5y HATe AT e 53471 glo
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(p€0.05), el &9 ANE Ao FEFS FA ATt

Table 5. Effect of canthaxanthin levels on muscle pigmentation of laying hens

CIE®
Treatments(%) ¥ e e
C 69.77° 2.16 407
0.05 66.99°° 2.95 3.79
Wing 01 66.61°° 215 462
0.2 65.76° 2.68 3.64
0.3 66.70°° 2.75 9.30
C 59.63* 148 185
0.05 57.33" 1.60 2.73
Breast 0.1 59.99° 1.23 245
0.2 57 49* 1.38 2.30
0.3 55.26° 1.54 247
C 62.29 + 1027 3.80 £ 0.63 -0.37 £ 0.01
0.05 62.06 = 0.39 413 + 0.29 -0.08 + 042
Thigh 01 59.69 + 1.74 380 + 018 -1.28 + 0.59
0.2 6148 + 245 422 + 043 -0.90 + 0.37
0.3 60.28 = 181 450 + 021 0.13 £ 0.79

® Means with different superscripts in the same column are significantly different(p<0.05).
» CIE : Commision Interationale de Leclairage, L* = lightness, a* = redness, b* = yellowness. / ”’ Means + SE.

Fga2A7 Q0 ACAEE7} #E&9 wF 2 A= Y-S Table 6014 Be vhe Z-ed), 9719
5o wWe(l)g ANE(a)= HIteEd wE AolE Rolx] gstov, A% (h)E ACAEE 01, 02
203 % A7 dxETEG foH e A (pK0.05), BT FATE Ader] HaiMe A
o]= ACAEEE 0.1 %& H7lstalol & Aoz Aztdr,

7t 5o HEe AdeE MrleEd wek Aolrt figloy, &4
= (p<0.05), 7HE] 9] JFATg s8] Hsir= ACAEEE 00
AR,

Ui e Heet AMTs Il B okgd e npivkx|2 ACAEES] #H7tel webd Aol & Hof
A ggkent, %“-EE‘; 01 % % 02 % A7b7F AEFET Fo]2 28 Foh(p0.05) thelslie] g4
=& 7M7) AsidE ACAEEE 01 %°lA 02 %E A7kskdor atu, 03 % 14 #7ke a3l ¢l
oziet AlsHE,

H1rl s A ux= G Table 7149} o], ACAEES] F7lol 9t Erise] BT
R AN E Hrppgtel AolE HolA gskth 3y F¥%= 02 2 03 % AU dRTRYE
A = A THpC0.05).

7tE5e B H7b FEN AolE BolA] gokou, ATl AL 03 % W/ ERTREG
FolAo g wkom(pd0.05), FMEE ACAEE 01 % oA 777 dz7E fodog o}
(p€0.05), BH=Z AN A3lAE 01 % o1 F7stdok stajat AbgdT

o2l &e gzt AAnE Arbpte] Aolg Holxl gistouk #AEE 01,02 % 03 % A/H7t

HETED fodoz ANEA=(p0.05), NS 2 745 sV g Ariese] S7/HEsE

EE BE Pt gzTen
5 % o1 Atetelok sl
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Table 6. Effect of ACAEE levels on skin pigmentation of laying hens

CIE’
Treatments(%) T pr T
C 7452 1.82 10.56°
0.05 74.69 1.59 15.15®
Wing 0.1 7475 1.63 21.58°
0.2 74.08 311 2177
0.3 73.62 172 2213
C 71.82 1.16 11.26°
0.05 7141 1.05 18.13°
Breast 0.1 70.12 0.60 20,06
0.2 71.15 0.79 16.97*
0.3 70.32 -0.24 22.85°
C 7217 1.07 8.38°
0.05 72.00 1.29 11.03%
Thigh 0.1 71.60 0.01 13.87%
0.2 72.85 118 16.20°
0.3 71.75 0.93 13,52

#° Means with different superscripts in the same column are significantly different(p<0.05).
? CIE : Commision Interationale de Leclairage, L* = lightness, 2* = redness, b* = yellowness.

Table 7. Effect of ACAEE levels on muscle pigmentation of laying hens

»
Treatments(%) Iz C‘Iﬁ o
C 69.77 2.16 407
0.05 65.21 257 5.30°F
Wing 01 69.54 1.70 7.23%
02 71.17 181 10.15®
03 70.28 2.16 11.22
C 59,63 148 1.85°
0.05 59,06 0.94* 329"
Breast 01 56.73 0.84* 451
0.2 57.13 0.93® 494
0.3 56.60 0.27° 516
C 62.29 3.80 -0.37¢
0.05 58.93 5.02 0.37*
Thigh 0.1 58.23 394 151®
02 61.64 355 2.28
0.3 5741 450 2.36°

¥ Means with different superscripts in the same column are significantly different{p<0.05).
» CIE : Commision Interationale de Leclairage, L* = lightness, a* = redness, b* = yellowness.
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AFdeAe =4S 2 ¥R FAw MM B-carotened H7l= FIF gilonv, 9 P
-carotene FrHL HrleEol F7MESE 718 canthaxanthin 02 % A7M] 59 AAEE
g oz MAEA ot (p0.05) =SS Az AMde Bt A

AR FMTE= ACAEE 02 %9 03 % A7, A FAEE 01 % o A7 AAE
Ao (p<0.05), A} wHo] ACAEEY F54%L Aol 371E4E /A% 540 ¥ &2
FAgo] Azt A& ACAEE7} canthaxanthinE o F4°7F oF 4~54 742k &Skt

A 8% carotencids?] FolsFoz dnE o dF 2 #Fo AMAIE carotenoids®d FHFET}
EFE FFE0) FRom, FFo FAn YA YRE AYE FET F oAU
Hi7] 5259 4% canthaxanthin® @787 AMTE 02 % o4, FAEE 005 % o8 H7t
Al AR (p(0.05), 7HEF Fel e Fao] Atk 28n tefof e AMEE 005 R 02 % &
7hA), BAEE 005 2 03 % F7HA) AREAT

a3 @S HEE 02 % A/ AAHAHp0.05), MG FAZE Aot AU

ACAEES] #7H] A= dufe] B 01 % ©14, 7959 4% 005 % o8 A7 A4
=HAoH (p<0.05), TH]FHF= 01 % Z 02 % A7) A ATH(p<0.05).

a2 &R 02 % o3 TS 01 % oV Tel&2 01 % ©)’3 ACAEE H7H| #A4w=7}
T o2 AAHALH (p<0.05), HES HAMEE Afol7t §ich
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