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Evidence Suggesting that the Deposition of Pigments into Yolks is Independent of
Egg Production: Enhanced Pigmentation of Yolks by Feeding Hens with
Canthaxanthin Biosynthesized by Microbials

Ji-Min Kim', Jong-Jin Kim®, Shi-Hyoung Lee* and Yang-Ho Choi'**'
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ABSTRACT Pigments in the diet affect yolk colors. Due to variations in both the bioavailability of pigments in chickens
and their amounts occurring in the feed ingredients, concern about egg quality arises in terms of yolk color. In this study,
the effects of pigments, produced through cell culture in the laboratory, on yolk colors were determined for 4 weeks in laying
hens receiving one of the 6 dietary treatments: control diets containing 1) no synthetic pigments (CON); 2) canthaxanthin (4
ppm) purchased from BASF (BASF); 3) cultured cells so that the diet had canthaxanthin at 4 ppm (CX); 4) cultured cells
so that the diet had lycopene at 30 ppm (LP); 5) canthaxanthin (4 ppm) that was purified from cultured cells (SPCX); or
6) lycopene (30 ppm) that was purified from cultured cells. Relation between deposition of pigments into yolks and egg
production was also tested. Yolk color of eggs from chickens fed dietary CX was significantly enhanced, which was slightly
but significantly below that of BASF. Results from other treatments were lower than those of CX. Deposit rates of pigments
into yolks were: BASF > CX > SPCX > LP > SPLP. The amounts of pigments, with the exception of SPLP, in feed were not
changed during the storage for 4 weeks at 25C. Egg production rates varied among treatments during the initial phase of
the study but became relatively uniform at the later stage, except for CON and LP groups. The results of the present study
indicate that the deposition of pigments into yolks is independent of egg production.

(Key words: egg yolk, carotenoids, pigment, canthaxanthin, lycopene, laying hens)
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Fig. 1. Chemical structures of canthaxanthin (upper panel) and
lycopene.
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Fig. 2. Effects of feeding dietary synthetic pigments on egg yolk
colors determined by BASF Color Fan score. Laying
hens were given one of 6 dietary treatments for 28 days.
CON: a layer diet containing no synthetic pigments ser-
ving as control diet; BASF: control diet containing can-
thaxanthin (4 ppm) purchased from BASF; CX: control
diet containing cultured cells so that the diet had cantha-
xanthin (4 ppm); LP: control diet containing cultured cells
so that the diet had lycopene (30 ppm); SPCX: control
diet containing canthaxanthin (4 ppm) that was purified
from cultured cells; SPLP: control diet containing lyco-
pene (30 ppm) that was purified from cultured cells.
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Fig. 3. Representative colors of eggs yolks produced from laying
hens consuming diets with or without synthetic pigments.
Laying hens were given one of the 6 dietary treatments
for 28 days. Yolk colors were determined by BASF Color
Fan. CON: a layer diet containing no synthetic pigments
serving as control diet; BASF: control diet containing
canthaxanthin (4 ppm) purchased from BASF; CX: con-
trol diet containing cultured cells so that the diet had
canthaxanthin (4 ppm); LP: control diet containing cul-
tured cells so that the diet had lycopene (30 ppm); SPCX:
control diet containing canthaxanthin (4 ppm) that was
purified from cultured cells; SPLP: control diet containing
lycopene (30 ppm) that was purified from cultured cells.
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Fig. 4. Changes in egg production (%). Laying hens were given
one of the 6 dietary treatments for 28 days. CON: a layer
diet containing no synthetic pigments serving as control
diet; BASF: control diet containing canthaxanthin (4
ppm) purchased from BASF; CX: control diet containing
cultured cells so that the diet had canthaxanthin (4 ppm);
LP: control diet containing cultured cells so that the diet
had lycopene (30 ppm); SPCX: control diet containing
canthaxanthin (4 ppm) that was purified from cultured
cells; SPLP: control diet containing lycopene (30 ppm)
that was purified from cultured cells.
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Table 1. Deposition rates of dietary synthetic pigments into egg yolks'

Dietary treatment CON? BASF CX LP SPCX SPLP
Daily pigment intake (/. g/bird) - 556 508 3,030 484 3,540
Pigments (/2 g/egg) - 42.7 21.8 29.3 10.6 14.1
Egg production (%) 333 86.7 86.9 57.3 66.7 56.9
BASF Color Fan score 7 14.5 12 9 9.5 8.5
Apparent deposition rates (%)’ - 7.7 43 1.0 22 0.4
True deposition rates (%) - 6.7 3.7 0.6 1.5 0.2
Coloring efficiency of pigments’ - 0.34 0.55 0.31 0.90 0.60

'Laying hens were given one of the 6 dietary treatments for 28 days. The data, collected at 3 weeks after the initiation of the feeding
trial, were used in the calculation. To simplify the estimation of deposition rate of pigments into yolks, it was assumed that body weight,
and egg weight (thus yolk weight), and both digestibility and absorption rates of the pigments were identical among the treatment groups

during the time period of the feeding study.

?Apparent deposition rate (%) was calculated by dividing the amounts of pigments found in the egg with daily pigment intake multiplied
by 100. True deposition rate (%) was derived by considering egg production (%): that is, apparent deposition rate x egg production
divided by 100. Coloring efficiency of pigments was calculated by dividing BASF Color Fan score with the amounts of pigments found

in the egg.

3CON: a layer diet containing no synthetic pigments serving as control diet; BASF: control diet containing canthaxanthin (4 ppm)
purchased from BASF; CX: control diet containing cultured cells so that the diet had canthaxanthin (4 ppm); LP: control diet containing
cultured cells so that the diet had lycopene (30 ppm); SPCX: control diet containing canthaxanthin (4 ppm) that was purified from
cultured cells; SPLP: control diet containing lycopene (30 ppm) that was purified from cultured cells.
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Fig. 5. Changes in the amounts of synthetic pigments in the
diets during storage at 25C for 4 weeks (mg/kg). CON:
a layer diet containing no synthetic pigments serving as
control diet; BASF: control diet containing canthaxan-
thin (4 ppm) purchased from BASF; CX: control diet
containing cultured cells so that the diet had canthaxan-
thin (4 ppm); LP: control diet containing cultured cells
so that the diet had lycopene (30 ppm); SPCX: control
diet containing canthaxanthin (4 ppm) that was purified
from cultured cells; SPLP: control diet containing lyco-
pene (30 ppm) that was purified from cultured cells.
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