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Effect of S-8-Apo-Carotenoic Acid Ethyl Ester Supplementation on
Pigmentation in Muscle, Skin, and Egg Yolk of Old Layers
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ABSTRACT The effect of supplemental yellow A-8-Apo-carotenoic acid ethyl ester (ACA) (0~300 mg/kg feed) on its
accumulation in each body part of laying hens and the pigmentation in egg yolk was determined. The chickens used in this
study were 78-wk-old ISA brown laying hens. ACA significantly affected the color of the bodies of laying hens. The
yellowness (b*) but not the redness (a*) and, the lightness (L*) of the skin, and muscle as measured by a colorimeter
significantly (P < 0.05) increased when ACA was fed at 50~100 mg/kg feed. Egg yolk color was also significantly affected
by feeding ACA longer than 2 days (P < 0.05) at the levels higher than 50 mg/kg feed. Conclusively, ACA is recommended

for improving yellowness of skin.
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FEHNY T FAHE AHy AGL u¢ Fad, A
F9 AHE §A B2 Y7t ot To| FE T 9
st HriEleg A9d afe] A4S BREsE 2 /A
7t =4 87157] wEo)t} (Cole and Haresign, 1989). &E3F
AT WYL vz AIEE £ A g Fa
& FakS vk Allen(1988)2 71EFol UlA carote-
noids F=} 33k Aol wet 34, gy, F7e] a8z
W3y g2 =TS e 294 ol RES At
=8o] qltia st en], P e &2 o|FH carotenoide A|
Wz dxzHo 2 oFdd g ¢, A, T
5, A7%o] & Fu 5 Lo Z4F A e-g 3 €k
{(Krinsky and Rock, 1999; Parker, 1996; Zeng et al., 1992), o]
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213 AT E o] &3l FAEo] A Y-S WEE AR
o] carotenoid 5-2] MAE o]837)% )t} Carotenoids=
egk 2alo] g19lo) %= conjugated double bondse] FEE
7R3 9lo] Ao Fast Aer AR free radical &
A a4tsl 71%5-S vebdthTee, 1992).

el A d¥tg o 2 A8 E9eE & B9 T
¥ B-carotene¥} xanthophyll®] ¥H&-Zol] whe} Algke] Waka)
SA9] &4 G Mo At a2t Aol lof o)
FALE 7lee] ELE carotenoidE FrokA] e ¥ 59
AL EE AME-Eol we} ol AdN A dFol ¢ 7l
Zo|AY FEAUNZESY o]jadgo] wol AH|AEC] Ut
= AF9 o] YA @ 97 AT (Parker,
1992; Bantov and Bornsteins, 1969). 3} A e = AlS9] &
A E YA AT AAS FAlEoRt st oA
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T3 42 ¢ ot} CarotenoidsZ 31531 AlEA] &
Aol LA3IA ¥, ALY RS 7HF ] wEt QAd RS 3
Feteiof 57] WEolch, olE BB, ALgel 3ol FAL
ST, ST EFH 2 =2 °L%l4' F-dol| & carotenoids
7t g0l ey AR B¢ B Adi} Yot @
olAlge] A9 FFd| wat 1 2pelr} ArHLivingston et al.,
1969). wiebr 43 T Mz AKE i) st
o carotenoidE°] AHE-E=H|, ALRAAAE L T yellow
carotinoid( 3 -apo-8-carotenoic ethyl ester, zeaxanthin, lutein)9}
red carotenoid(canthaxanthin, citranaxanthin, capsanthin £+
capsorubin)S &315te] A}-8-3cH(Perez-Vendrell et al., 2000).

George et al(1970)2 AlE E% ACA(A-apo-8-carotenoic
acid ethyl ester)7} 0, 5, 10, 20, 30 2 40go] T&H Al5S
SAldl FAHRE W, ACA FFo| F7HEFE F7olst
R M2 APARog Frleltia B1stith. Roche
(1988)= AlE9] B-caroteneL ol 1% w|Wlo] &A= 31
S5 LAY E zeaxanthin® 7% A E7F 2R =),
£ -apo-8-carotenoic acid ethyl ester®} 2& U5 FAA|EL
E3ed gk £280) 34% FEE FolXtin sTh
Balnave and Bird(1996)= canthaxanthin?} Z-& 1—4,/5‘1‘ A9}
ACASH 22 LS B o8 AMRSld U3 &
2 S8 A¥ske e T Wholzka siglen,
5003 B AR FARE FaA Aol
Ne5s w3t Bassic

B ATE B89 8§49 o] ogse fapos
carotenoic ethyl ester2 Atg=Alol] FA] &, AlSo vl
e ANRIHIE FHTORZA T FEHE AT
o] G S| Ru o BAsE wAKe] 49A THAE
NAXNF CB2A &5 ST 22 P8k
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1. AESE H Ardaz|
B-apo-8-caroten01c ethyl estere] I l53o] AtghwAle)
%3 9% 0 Bge) Fad BlAE FFE FE 9
o]-Cli] 3 -apo-8-carotenoic ethyl ester 0, 50, 100, 200 Z 300
mg/kg? H713 5709] AlAFE FACE 7} Al 3NHE,
hE g 1598 & 225479] 7853 ISA Brown A=Al E 2
Aletd 55 Bt AMFA RS FASATE FAAES
o] AaHd 258 3¢ HaA| Aolxol| 1574 #8313, AR
o B2 As AAAZA oD, HE-L 04:005E 21:0071%] 17

S A-8-Apo-Carotencic Acid Ethyl Ester®] Fo7} kel Ao ujA& 48k

Table 1. Formulas and chemical composition of experimental

diets for old layers

Ingredient Content (%)
Corn 68.33~68.03'
Soybean meal (CP 44%) 17.82
Corn gluten meal 3.60
B -8-Apo-carotenoic acid ethyl ester 0~0.3*
Limestone 8.40
Tricalcium phosphate 0.93
DL-methionine50 0.09
L-Lysine80 0.08
Vit-min complex” 0.50
Saits 0.25
Total 100.00

Calculated composition

ME (ki/kg) 2,800

CP (%) 16.00
Ca (%) 3.40
Available P (%) 0.275
Methionine (%) 0.76
Lysine (%) 0.33

' 0~0.3%: B -8-Apo-carotenoic acid ethyl ester; 10%, w/w.

% Contained followings per kg of diet: vitamin A, 1,600,000 IU;
vitamin Ds, 300,000 IU; vitamin E, 800 IU; vitamin K3, 132 mg;
vitamin By, 1,000 mg; vitamin By, 1,200 mg; niacin, 2,000 mg;
pantothenate Ca, 800 mg; folic acid, 60 mg; choline chloride,
35,000 mg; dl-methionine, 6,000 mg; iron, 4,000 mg; copper, 500
mg; manganese, 12,000 mg; zinc, 9,000 mg; cobalt, 100 mg; BHT,
6,000 ng; iodide, 250 mg.

A BEAATE ABARE BASFEe T 95
HPANEE AR, 2T Ui FFe 242
16%$} 2,800 kealkg©. Z Table 19| 24 ule} 2t}

2. ZANERI} Z=AIYY .

ARGYEE AE F8A MU 39 F45TEE
A F, YRRl XS 2417F Sk F @A,
7ke 3 BEl2 PRt 377 Al F3AE oA
IR 39 FALE SN AS FMEE HR
A AL B F SRS AAGE FHM 2, 7k R
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tEz FEsl FNEE FHUT A =e Chroma
meter (Cr 301, Minolta Co., Tokyo, Japan )2 L* (lightness; 8
), a*(redness; 2 A ), b*¥(yellowness; 34 =)E Commision
Internationale de Leclairage (CIE)gte.2 23391, 5%
£ Y=92.40, x=0.3136, y=0.31962] ® E}el L A}&3tAr}.

8 -apo-8-carotenoic ethyl ester®] 5 & g Lol w2t
d3ke] Zad njX e FEgS 7] sl §49 1,2, 3,
4,5, 6 2 74 B 1500 wrEZ 10704 =1L 15071, &
1,0507HE A& 3, FAAFH 0] F2e A njX e 9
TS golir] 913k 1, 2, 3, 4 R 55 yHEE 10714 of
F 15070, & 75070 st FY FA GEAFEE7
(QCM+, Technical Services and Supplies, York, England)E o}
gk} 2P0

3. EAlIAz|

AZoA dojR A}FEE SAS package(1996)2] GLM pro-
cedure2 HHE-A-E A A]3}13, Duncan’s multiple range test
(1955)9] ATFHAFHL2 5% FEAM frolde At
k.

Za 3 ng

1. of % 2]

3 -apo-8-carotenoic ethyl ester (ACA)Q] =5 Fo7} 7
8o I R G FHs] 9k g 2
AT ACAS] 58 Fo7} 3o n|X]= Qg &
HEH BE0HY ANEE)E 2 AFT709N /oF
A ze]7} BolA| PtriTable 2). 23yt I =bHE &
E B-9j9] 53 ACA 50~100 mgkg o1& Atgol A7}
A 7R folF oz HUYTHP < 0.05) (Table 2). ©]
2% ZI= George et al(1970)0] A& EZ  B-apo-8-
carotenoic acid ethyl ester”} 0, 5, 10, 20, 30 2 40go] &-5H
A28 §A9 35 B¢ FA8IAES W, AR xanthophyll
FTo] F7HEFE B9} 979 4L JHHow Fv}t
AT B Ad} dA3Aen, v5e] FAeE M
317] 91314 ACAE 50 mgkg )7 A7+ a7t ok
Canthaxanthing ©]-8-¢t A7Z 29} vl @3l -& W, ACAY
o] FaMol7] uf o] F349] canthaxanthine] ®]sjA A
Axel g3 BUTHUAA, 2003). 2y FAxe] Z7}
£ canthaxanthine]] H|3)] 3130 o] ACA9] F4-&0] can-
thaxanthinel] B]st %7] WjEo2 FFATHUAA, 2003).

Table 2. Effect of supplemental ACA levels for old layers on
skin pigmentation

ACA Colorimetric value (CIE)'
(mg/kg feed) L* a* b*
Wing skin
0 74524009  1.82+0.69 10.56+1.05°
50 74.69%0.66 1594030 15.15+£1.42°
100 74.75+1.20 1.63+0.84  21.58+2.50"
200 74.08+0.34 3.11+139  21.77+4.22°
300 73.62+0.21 1724027  22.13+1.69°
Breast skin
0 71.82+1.54 1.16+0.46  11.26+0.52°
50 71.41£1.06 1.05+0.58  18.13+2.92*
100 70.12+1.35 0.60+0.54  20.06+0.64™
200 71.15£1.22 0.79+1.07 16.97+0.94®
300 703240.14  -0.24+0.73 22.85+2.22°
Thigh skin
0 72174131 1.074£029  8.88+0.48°
50 72.00£1.07 12940.52  11.03+2.43%
100 71.60+0.96 0514048 13.87+1.62°
200 72.85+0.71 1.18£0.59  13.52+1.01°
300 71.75+0.26 0.98+0.44 1620+0.73°

*® Means with different superscripts in the same column under
the specific carotenoid are significantly different (P < 0.05).
' CIE values: L*, lightness; a*, redness; b*, yellowness.

* Mean+standard error of mean.

ALEW ACA H7t Foo) e AaAe 28 & g3}
£ Table 394 B ule}l Zo|, dx& ES, 7&s 2
o] Sl HrEEel e {23 xolE JehiA] &
sttt ey AA e 7SS4 300 mgkgS A1 S
] FH el el ARl AlolE BYTHP < 0.05). B =]
8% 2/NEL 200 mgkg ©)d, 7HESE 100 mgkg o},
The] §-2 100 mgkg o] A7 FA/TED fedoz
ESJTHP < 0.05). 919 A1E 2HE & o 7 BES9 33y
T8 F9H &P < 00522 Fo|7] Ysixe Atauld
100~ 200 mg/kg ©]4+2] ACA 717} 98 3le] m¥o) u)3t
o o g2 759 A7 78S & & UATHTable 3).
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Table 3. Effect of supplemental ACA levels for old layers on

muscle pigmentation

ACA Colorimetric value (CIE)'

(mg/kg feed) L* a* b*

Wing muscle

0 69.77£193°  216+0.21 4.07+0.67
50 6521+0.56  2.57+0.14 5.3040.69°
100 69.544£2.04  1.70+0.40 7.23+0.77%
200 71174191  1.81+033 10.15+1.24®
300 7028+2.63  2.16%0.52 11.22+1.78°

Breast muscle
0 59.63+1.22  1.48+0.21° 1.85+0.09°
50 59.06£0.79  0.94+0.13" 3.2940.72°
100 56.73+1.69  0.84+034® 4.51+0.64"
200 57.13+1.40  093+0.15° 4941069
300 56.60+1.07  0.27+0.40° 5.16+0.50°
Thigh muscle
0 6229+1.02  3.80+0.63  -0.37£0.51°
50 58934224 5024092 0.37+0.33"
100 5823+239  3.94£0.58 1.51+0.80"
200 61.64+152  3.55+0.24 2.28+0.41°
300 5741£272  4.50+£0.93 23640.14°

** Means with different superscripts in the same column under
the specific carotenoid are significantly different (P < 0.05).

' CIE values: L*, lighméss; a*, redness; b*, yellowness.

? Mean+ standard error of mean.

2. &

ACAS) A7l oe Qe Yaale) el 29 1
YoAE AR kgF 300me g H7HE A BT 2E7T
B8l F-2)ZQl Ao]lE HPLLKHP < 0.05), 24 RE =
P77 Hlsted RE BT Heldos BT <
0.05) (Table 4). 3~4le] FojolE Farl7uer ohjat
AN E ACAS) A7Ho] mat felHQ Aolg B
P < 005), 52 olAAHE AFEWe 50 mgke o]l
ACA2] FH7ld) o)l o o]de] colorimetric values Z71&
do7)A g3ttt

Janky et al.(1980)2 £ dFoA A8 FE 1/10 5
9] 3l 2 a=a=of xanthophyll & A}E kg3 0.93, 1.87, 2.81 &
3.74mg s A7t 5053 AAdA A 33 B FA99E
o] F3ko] - w7} Roche color fan scoreZ Z+2} 4.0, 5.3, 7.0
2 792A HrlpEol FVHESFE foFog FUitn
BastRet, oleidt At Aoje 7|7, 5T 2
FAAL 8 Aol & Aoz Algdr). I ACAE
1552 FoA] BRE H7He gol7|telu g @
Agle] TA7FFRT 4918 02 ETHP < 0.05) (Table 3).
Herrick(1971)= ¢34 o] Aol 7o) 2 HHez 4
2 PRE 84e ofAIRY, &) Aefut YR Al
ZAE g2 AAF da B FF Az 2z 45
7h e B2 A AT gol A FA e
AL g Fdvin silet), 9o AldolA AtEAF 2o
At Z=A ZAMNA 583 A7 HAEA] ¢kol ACAE
300 mgkg 7HA] FdtAE Hel AAede obF¥ ggko]

 AoE AdEHU

duky o 2 Agke] 3 = Roche color fan scoreE.
FABEE, 7P st 2 Ale] dEA2 Roche
color fan score 11~120]H, REL 6~7& JEPATKRoche,
1988). Bird (1994) U¥tHo g Faess JZxAlgdE
A carotenoid7} F8317] W&ol 34 carotenoidE 3 7HA]
71 Far) o), A4 carotenoide AH| A} ile 2
AL 7] Y8 ©rEo 2 Al2"HT T STk d3e
carotencid ZX&EE F9 299 Qo)A canthaxanthin®]
Roche color fan score 13~1491¢)] B Sk (WA A, 2003) ACA
+ 11~12A}o] E(Table 4) canthaxanthino] ACAX.T} W3to
®, £u)A7H A B 1~ 12410]9) YRS 2] AN
ACAE 50 mgkg ©|F #718 Hart gleelet s,
ZARY WEEe 27149 477t Bad Aoz A
"ok

eI

£ -8-Apo-carotenoic acid ethyl ester (ACA)E 0~300 mg/kg
= AR HURIRE o AdeAe] SR 2 AlKo) vl
€ AAFHE AT A A oA ALY BE
2919] 3]¥o] glo] ACAZ 50-100 mgkg o1 F7HA] &
A7HTEY FolH o g EJITHP < 0.05). @S, 7tes 3
gl gel A frold S0P < 005) AT WHE o]
71 S8l A &= 100 ~ 200 mg/kg ©]4+e] ACA A717F H sy
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Table 4. Egg-yolk color values while feeding of ACA at 1~7 d

77

ACA Supplementation period(day)
(mg/kg feed) 1 2 3 4 5 6 7
0 8.79+0.21" 8.86+0.23° 8.36+0.20" 8.21+0.24° 7.79+0.21° 7.79+0.28° 9.00+0.21°
50 9.4340.14° 11214£021°  13214£021°  1414+0.10°  14.14£0.10°  13.93+0.07°  14.43+0.14°
100 8.86+0.23" 11.50£020°  13.43£031° 14214015  1407+0.13°  1421+0.11° 14.79+0.11°
200 9.14+0.23" 11.50+£040°  13.93+0.13°  1471£0.13* 1421011  1436+0.13*  14.79+0.11°
300 8.64+0.27° 12.50+£020°  14.57+0.14°  1479+0.11°  14.64£0.13°  142940.13*  14.64+0.13°

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

" Meanstandard error of mean.

(Unit: Roche color fan score).

Table 5. Egg-yolk color values while feeding of ACA § wk

ACA Supplementation period (wk)
(mg/kg feed) 1 2 3 4 5
0 8.79+0.24"° 9.29+0.16" 9.57+0.27° 8.57+047° 8.21+0.30°
50 14.43+0.14° 14.3640.13° 14.14+0.10° 1421£0.11° 14.36+0.13°
100 14.7940.11° 14.27+0.12° 14.21£0.15° 14.36+0.13° 14.36+0.13*
200 14.71+0.13° 14.36+0.13" 14.2940.13% 14.50+0.14° 14.57+0.14°
300 14.71+0.13° 14.50+0.14° 14.71+0.13* 14.57+0.14° 14.64+0.13°

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

' Meanstandard error of mean.

(Unit: Roche color fan score).

o] wsld Wrlgol ozt o BT ACAS] A7HE
Tl g dEE G Wzle Fo 1Yo e T340t
79} W71 73kl FIAAHP < 005)7F 300 mekeol Mgk B
Fovh 2dA e = FH7FE Hskd BE MU &
gHog FUTHP < 0.05). 1~557F FoAA] ZE H7H7h
271 PR} Aol FoirIzkel BAglo] feiHe
2 FQTHP < 0.05).
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