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Effect of Dietary Supplementation of Astaxanthin and Capxanthin
on the Pigmentation of Egg Yolk
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ABSTRACT A total of 96 ISA Brown layers, 63-wk-old, were used in a 12-day feeding trial to measure the effect of dietary
astaxanthin and capxanthin on their accumulation in egg yolk. The hens were fed diets containing astaxanthin from the yeast, Phaffia
rhodozyma, at 22.5 mg/kg feed, or synthetic compound at 45 mg/kg feed, and capxanthin from paprika extract at 45 mg/kg feed.
The levels of yolk astaxanthin from the two pigments were saturated at 9" day of feeding. Capxanthin was not accumulated in
egg yolk but its derivatives were slightly present after 6~9 days of feeding. The level of astaxanthin accumulated in egg yolk was
proportional to the level of dietary astaxanthin. Except the color of egg yolk, other quality factors of eggs were not significantly

different among the treatments.
(Key words : egg yolk, astaxanthin, capxanthin)
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Fig. 1. Structure of astaxanthin and capxanthin (capsanthin).

Table 1. Composition of experimental layer diets

Dietst

CONTROL BAST> CAST CAPX

Ingredients %
Corn 68.33 68.33 6833 68.33
Soybean meal 17.82 1782 1782 17.82
Corn gluten meal 3.60 3.60 3.60 3.60
Limestone 8.40 8.40 8.40 8.40
Tricalcium phosphate 0.93 0.93 0.93 0.93
DL-met (50%) 0.09 0.09 0.09 0.09
L-lys (80%) 0.08 0.08 0.08 0.08
Vit.-min. premix® 0.50 0.50 0.50 0.50
Salts 0.25 0.25 0.25 0.25
Phaffia rhodozyma - 3.00 - -
Astaxanthin - - 45 ppm -
Capxanthin - - - 45 ppm
Total 100.00  103.00 100.00 100.00
Calculated composition
ME (kal/kg) 2,800
Crude protein 16.00
Ca 3.40
Auvailable P 0.28

! CONTROL: A layer diet containing no pigments.
BAST: Biological astaxanthin by adding 3% Phaffia rhodozyma.
CAST: Chemical astaxanthin (45 ppm carophyll pink).
CAPX: Capxanthin prepared from paprika oil.

2 Contained 22.5 ppm of astaxanthin from 3% Phaffia rhodozyma.

% Contained followings per kg of diet: vit. A, 1,600,000 1U; vit.
Ds 300,000 IU; vit. E, 800 IU; menadione, 132 mg; vit. B, 1,000
mg; vit. By, 1,200 mg; niacin, 2,000 mg; pantothenate Ca, 800
mg; folic acid, 60 mg; choline chloride, 35,000 mg; DL-methio-
nine, 6,000 mg; Fe, 4,000 mg; Cu, 500 mg; Mn, 12,000 mg; Zn,
9,000 mg; Co, 100 mg; BHT, 6,000 mg; and I, 25 mg.



Son et al.: Egg Yolk Pigmentation by Astaxanthin and Capxanthin 221

2. Az ZH|

Astaxanthin(Sigma # A-9335), j-carotene(Sigma # C-9750),
lutein(Sigma # A-6250)S ¥ B = AME-SISIT}. Paprika
extract:= DOBE(Dobe Natural Color, Kyungki. Korea)=Z -]
T4

3. Roche Color Fan Score(RCFS) % Al2te| E& &5

A FA, Gz Gl 3 Haugh units, GEHS Ay
ZAHE-27](QCM+ System, Technical Services and Supplies,
York, England)el] 2Jse] =431t kAo Roche color fan
scoreo]] thH|sle] FA|SFH o, Wzt S = Digital Micro-
meter(Mitutoyo, Japan) 2.2 =% 3%t}

4. Carotenoid £44

= carotenoid+= dimethyl sulfoxide(DMSO) *]&]ol| <]3l] =
=3I THAN et al., 2004). Egg yolk(1 g) X+ paprika extract
(1 g)ol 1 mL2] DMSO, acetone, petroleum ether, 20%<] NaCl
£ Ao R T dAlie] § S 9 petro-
leum ether 22 ] T}A1Z 31, 476 nmollA] EF =2 =3 519]
THAN et al., 2000). 7HA] At M H carotenoid”} &4 3517
wj]Fof|, == carotenoid(mg/g yeast)+= 476 nmol|A] S E %
ol whe} astaxanthin 3o & AT A% 3 =, ca-
rotenoide] WM HE=E S sl7] S = yeastZRE] =
¥ carotenoidZ- thin layer chromatography(TLC plate; Silica
gel 60, 5x20 cm, 0.25 mm thickness; E. Merck, Darmstadt, Ger-
many)2 A8t th TLCE 93¢k &1ll+= acetone-petroleum
ether (20:80, viv)E AF8-3FAt}. Carotenoid band= Zo}A 1
mL2] acetoneel] &-3IA|Z T A% carotenoide] S A
S%8h= Aol E7bs3tai71el, carotenoid®] & ZH7te] ca-
rotenoid®] §-4=/% carotenoid®] FFES] Fo = S A
= 7 Atk FE=E H peake] FHgellA S 3ISIH Ca-
rotenoid =252 HPLC(Younglin Instrument Co., Seoul, Ko-
rea)= o|&-le] BA319t) 20 ¢L9) carotenoid FEE-S nu-
cleosil column(100A) (MetaChem Technologies Inc., Torrance,
CA, USA)oll 319112, carotenoidi= UV-visible detectorel]
o3l 476 nmellA HE= ATt o]5d-2 t-butylmethyl ether :
hexane : isopropanol : methanol(30 : 65 : 2.5 : 2.5, viv)S- o] &3}
G, flow rate= 1.5 mL/minS. 2 3}t

5. Phaffia rhodozyma M|Z4 o}2lie}l Carotenoid
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alcohol =& Zgly, A8z F5E 476 nmo|A 9] 3=

=35 918 AH8-sHTHAN et al., 2006).

6. =l

A A 33) o)A

N

o

o b o)
A By AY A% $A7k Fse] AN etk o

1} standard deviatio

=]
gute] o] §E & 45 AL AAssler, 54T &

=)

tlo
AN
o,
Qﬂ
Q.
=5
rok
Qﬂ
&
.,

B

ko] 2l A= ko] Rhoche color fan score(RCFS)
2 3ol carotenoid S =7 ske] AA SIS Th Carote-
noid & 1293t Foigk & d3e] A= = RCFSE biolo-
gical(BAST) 2! chemical(CAST) astaxanthin #2]7 25 3¢
HFE F23 Ay} o, capxanthing] 7 -$-(CAPX)ell
+ CONTROL®|| H]ste] <kzte] S715 H.3ATHTable 2).
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Table 2. Effect of astaxanthin and capxanthin on several quality
factors of eggs

Days CONTROL'  BAST? CAST® cAPX!

Egg weight (9)
0 54.23+3.10
3 5420+303 5830+4.83 5595+254 57.18+4.29
6 59.53+3.73 57.25+331 56.13+273 59.38+7.24
9 60.33+304 56.35+543 61.90+3.11 59.98+7.52
12 5958+4.96 57.70+4.25 62.00+3.25 59.48+6.47

Egg shell thickness (mm)

0 038+003 038+003 038+0.03 0.38+0.03
3 036001 109+144 036+0.03 032+0.10
6 040+001 036+002 038+0.02 038+0.01
9 037+0.02 033+0.05 0.38+0.02 0.37+0.01
12 039+0.01 037+0.05 035+003 0.36+0.01

Egg shell color® (%)
0 2375+450 2375450 23.75x450 23.75+4.50
3 3150+£387 2850+451 2525+5.32 30.50+5.32
6 26.75+499 2850+5.07 2450%5.74 29.50+4.36
9 2750+238 30.00+510 28.00+557 28.75+5.12
12 28.00+£337 31.25+450 29.75+3.40 28.00%3.37

Albumin height (mm)

0 733x071 733x071 733%x071 7.33x071

3 900+073 865+040 9.05%+154 8.95+0.33

6 838x053 913x069 940+110 943+159

9 935+121 790+048 9.67+188 8.80+135

12 903+128 910+109 865+165 9.35+1.86
Haugh units

0 87.00+4.83 87.00+4.83 87.00+4.83 87.00+4.83
3 96.00+337 9325+287 9550+7.14 9525+2.06
6 9150+238 95.75+340 97.25+499 96.75+7.09
9 96.00+589 89.50+4.12 96.67+9.24 9325+7.32
12 9450+6.56 95.50+520 91.50+8.43 95.75+8.62

Yolk color®
0 9.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00
3 9.25+050 14.75+050 1450+0.58 10.25+0.50
6 9.00+0.00 1450+0.58 1450+0.58 10.75+1.26
9 950+058 1425+050 14.00+0.00 10.75%0.50
12 11.00+0.00 14.00+0.00 14.25+050 12.50+0.58

! CONTROL: A layer diet containing no pigments.

2 BAST: Biological astaxanthin by adding 3% Phaffia rhodozyma
(astaxanthin 22.5 ppm).

¥ CAST: Chemical astaxanthin (astaxanthin 45 ppm).

* CAPX: Capxanthin prepared from paprika oil (capxanthin 45 ppm).

% Egg shell color: A percentage reading between black (0%) and
white (100%).

® Yolk color: Roche color fan score(RCFS).

" Mean + SD.
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Fig. 2. Carotenoid contents in egg yolks during feeding of caro-
tenoids.

Panels: a, control; b, BAST; ¢, CAST; d, capxanthin. Symbols: @,
zeaxanthin; M, lutein; A, astaxanthin; <>, unknown#1 from cap-
xanthin metabolism; €, unknown#2 from capxanthin metabolism.
Abbreviations: BAST, Biological astaxanthin (dried cells of the red
yeast, Xanthophyllomyces dendrorhose); CAST, Chemical astaxan-
thin (Carophyll Pink® purchased from Hofman La Roche).
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=9 F 9U X}l 770 ng/mL vs. 460 ng/mL) A Ve
/\1, Chemical astaxanthin®] biological astaxanthin2.t} 73+2]
2 ggo] oRE HojAl= A ow #AETHFg. 2b 2 ).
S-Aloll chemical astaxanthin(45 ppm)2} biological astaxanthin
(22.5ppm) S FF3FA S wll A F astaxanthin®] F%=(900~
1,100 ng/ml blood)$} ¥ 3 3 astaxanthin®] =(1,200~1,500
ng/g skin)7} H]$=8} v Barzk AThHAN et al., 2006). %3¢
o] 2 gl 3 E I35 v]sle] chemical astaxan-
thin®] 24 §317} biological astaxanthin2.t} 4tz &
&40l olggt A= AtEAIL} SAIY Ao] e GE
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2004). &v]F A= astaxanthin®} capxanthine] polarity= 733
3| fAFSFCH(Fig. 1). L2} capxanthin 557F A<l A
AV FrE ARl g3 s A o2 HolXIY, Capxanthin
< dEoA el AEHA &S ¥ ofye} o| 25E sHAE
B4R AAAE F 7 #A| =2 (unknown#l, unknown#2)
o] HEE= wi-% w|n ek TH< 30 ng/g yolk). L2} o] F
7P‘1 E4& RCFSY| 93k vA FE=2 Gahae] Wsts
WA THEY, 10.25 vs 9.25; 12¢, 125 vs 11.0)(Table 2).
Aaol FZE BokS uf capxanthinz} =4 o] H]$=3l astaxan-
thin, lutein, zeaxanthin®] %22 U&3lh(Na et al., 2004)
capxanthin®] %22 A<9] §l3lth Capxanthin®] 2% *LE%
B g2 QoA AF3s v]5=3t 4] 2] xanthophyllE&2 <
Zol] 25 6248 18] T2E 2ta glon, capxanthm—c s
Zo|| 5718 0 2 H]o] &= Ao U3te] =2 Heljr} H=
Ao 2 AlgEch mebs ohE fARE A AE ARESke] (3
&2 6719 18la oI5 578 X)) IRkEl A8
o] &0 Q3% Flolt}

E ATollA & astaxanthin} capxanthine] &3k
n X & G35 Bkt capxanthine H&hol] A3
A ggot ko] HAole AREE = gl o]
astaxanthin< 30 ng/g yolk 3 Eoll & A5 e A1 uh
T AATH (RCFS >14). o] F =] s FAA77] $l8iA
© 9F 9Y¥te] Fo 2 AT 7PehH B A oA
AHEE FHTE A4 SOl Fo R Fgete] vkE T 3
S Aow FHHArKFig. 2). S, astaxanthin 45 ppmell4] 800
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6377 ISA Brown 2t & 9655 AHE-3sled, 12 B3t
F2ko A 2] biological astaxanthin®} chemical astaxanthin =
capxanthin®] %22 £33+ 2 312 mwslgic) ix+
AtgolE A E MUk ¢9%al, £ Phaffia rhodozyma
3NE HEZT AlRCl H7Fske] astaxanthin $FeFo] 22.5 mg/
kg =A & %, slebd o 2 A3t astaxanthing thz- Aksell
45 mglkg 7kt & 2 paprika2F-E
2= AbEol 45 mgkg M7 BF 19 AHRTES T
ATt Al 6RHE, WHE 4R S qlol & uiA| ekt Asta-
xanthin-< Aggzﬂ—x% =i :g]_‘d—?ﬂ :LOJ E—T :Lo:] 9017>1H7]}x] '-'1‘
Zlo] o] Fojfrt. Capxanthin®] 73-¢-, dsdellr] FA =2 =

%3 capxanthinS:

23%al o] 2RE A EAEC] H9 6~9Y o 1]
sl AEF AT} dalol| A 9] astaxanthin 4 =&
o3k Fxof vlHEEtTE dEke] M-S A 95k, Dk
oE F4 89152 AeFE e Aot A9 giddch
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