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Abstract: The objective of this study was to study the effect of synthetic carotenoids on the egg yolk color
intensity of laying ducks. A total of 1,500 Khaki Campbells laying ducks, aged 23 weeks, were used. The
ducks were divided into 6 groups, each with 5 subgroups of 50 ducks each. The laying ducks were 26 weeks
old when the experiment began. The experiments were planned to use a completely randomized design
method. The 6 experimental groups were classified based on their dietary treatment as follows: 1. Basal feed
(without carotenoids supplementation); 2. Basal feed with 150 ppm canthaxanthin plus 100 ppm apo-ester;
3. Basal feed with 150 ppm canthaxanthin plus 150 ppm apo-ester; 4. Basal feed with 150 ppm
canthaxanthin plus 1000 ppm 2 % Xanthophyll; 5. Basal feed with 250 ppm canthaxanthin; and 6. Basal feed
with 250 ppm canthaxanthin plus 150 ppm apo-ester. Data were collected for 4 weeks. According to the
studies, adding synthetic carotenoids to feed at various doses had no influence on duck egg production
efficiency or quality (P > 0.05), but did have a statistically significant effect on egg yolk color intensity (P <
0.01). Canthaxanthin 250 ppm gave the best redness efficiency. The yolk color intensity was the highest
compared to all other groups (P < 0.01), while dietary apo-ester supplementation of 150 ppm gave higher
yellowness values than the extract supplemented diet from marigold (xanthophyll 2 %) 1000 ppm. When duck
eggs from each experimental unit were boiled and made to salted egg and salted egg yolk. Color of three
difference egg yolk types were compared boiled egg, salted egg and boiled salted egg. It was found that all
egg yolk types gave color intensity values statistically in the same direction as fresh egg yolks. Therefore, it
was concluded that supplementation of synthetic carotenoids in feed can effectively increase the color

intensity of egg yolks according to the level of synthetic additives in the diet.
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Table 1. Components of feed ingredients used in the experiment

Feed Ingredients Amount (kg)
Broken rice 36.137
Wheat 20.000
Soybean oll 2.000
Soybean meal (48 % protein) 20.040
Fish meal (60 % protein) 5.000
Rice solvent bran 5.000
DL-methionine 0.168
Limestone 9.553
Monocalcium phosphate P21 % 0.982
Salt 0.350
Choline chloride 60 % 0.100
Premix 0.250
Sodium bicarbonate 0.150
Mold inhibitor 0.050
Toxin binder 0.200
Antioxidant 0.010
NSP enzyme 0.010
Total 100.000

Amount of nutrition

ME. for Poultry(kcal/kg) 2,780

Crude Protein (%) 18.500
Calcium (%) 4.200
Total Phosphorus (%) 0.700
Avail. P for Poultry (%) 0.413
Lysine (%) 1.004
Methionine (%) 0.472

1Composition per 1 kg premix: 2.8 MIU vitamin A, 0.56 MIU vitamin D3, 2,000 mg vitamin E, 300 mg vitamin K3, 200 mg
vitamin B1, 100 mg vitamin B2, 4.5 mg vitamin B12, 600 mg niacin, 100 mg copper, 10,000 mg Iron, 150 mg iodine, 8,800
mg manganese, 8,800 mg zinc, 130 mg cobalt, up to 1 kg filter
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Table 2. Effects of dietary synthetic pigment supplementation on egg production in laying ducks during

26 - 29 weeks of age

egg production  feed intake egg weight Egg mass Feed cost
Experimental diet FCR

(%) (g/duck/day) (), (g/day) Baht/kg egg
T1 Control 93.20+247 13337+6.78 69.08+1.13 64.38+201 207+0.05 30.58+0.74
T2 Cantha150+Apo100 96.89+129 137.77+£414 7053+125 6762+098 204+0.04 30.09+0.57
T3 Cantha150+Apo150 90.23+589 13469249 7018+1.31 6333440 214+0.17 31.55+2.51
T4 Cantha150+Xan1000 95.31+2.73 136.91+443 7018+1.00 66.89+228 205+0.05 30.24+0.69
T5 Cantha250 93.03+397 136.23+510 69.31+055 6447270 212+0.16 31.28+2.37
T6 Cantha250+Apo150 9126 454 13429+6.36 69.09+0.92 63.06+3.36 213+0.06 31.47+0.82
P-Value 017 0.73 0.14 0.08 0.49 0.49
SEM 0.73 0.89 0.21 0.57 0.02 0.28

SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 =

100 ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyl
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Table 3. Effects of dietary synthetic pigment supplementation on egg quality in laying ducks during 26 - 29
weeks of age

Shell breaking Albumen Albumen Yolk Shell Yolk :
Experimental diet strength height height weight ratio  weight ratio ~ Albumen
(N) (mm) (Haugh units) (%) (%) ratio
T1 Control 43.46 +3.18 7.90+0.34 85.77+215 3385172 9.85+0.08 60.24+4.87

T2 Cantha150+Apo100 41.86 +£2.83 8.32+0.21 88.42+138 3469+0.66 980+0.35 6248=+2.08
T3 Cantha150+Apo150 43.98 £2.32 7.72+0.37 85.05+233  34.92+137 991+020 63.36+4.15
T4 Cantha150+Xan1000  44.22 +1.58 7.99+0.37 86.38+290 34.79+091 991+027 6287272
T5 Cantha250 42.28 £ 2.86 7.89+0.18 86.56+1.20 3595+1.92 10.07+0.6 6527+3.85
T6 Cantha250+Apo150 4112 £1.02 8.11+0.51 8748+296  34.02+1.06 9.77+0.28 60.56+2.82
P-Value 0.28 0.18 0.254 0.21 0.77 0.26

SEM 0.45 0.07 043 0.26 0.06 0.67
SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 =

100 ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophy!

DAY 1

DAY 2

DAY 3

DAY 4

DAY 5

<05
Figure 1. Egg yolk color accumulation when fed different levels of synthetic pigment
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Table 4. Effect of dietary synthetic color supplementation on egg yolk color in average laying ducks at the

age of 26 - 29 weeks

Experimental diet L* (brightness) a* (red) b* (yellowness)
T1 Control 48.96 + 0.89° -1.42 + 0.32° 16.42 + 0.83°
T2 Cantha150+Apo100 43.06 + 0.48° 12.71£0.72° 32.17 +1.05"
T3 Cantha150+Apo150 42.94 +0.78° 13.27 + 0.48™ 35.01 + 0.68°

T4 Cantha150+Xan1000

T5 Cantha250
T6 Cantha250+Apo150

P-Value
SEM

42.39 + 0.74™
4151 +0.79%
40.80 + 0.70°

<0.01

0.51

13.50 + 0.46°
15.40 + 0.61°
15.27 £ 0.23°

<0.01

1.09

31.85+ 1.47™
26.95 + 0.95°
30.54 + 1.00°

< 0.01

1.13

abed,

Means within a column with different superscript indicate significant differences with p < 0.05(Duncan’s test)

SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 = 100

ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyll

Table 5. Effects of dietary synthetic pigment supplementation on boiled egg yolk color

Boiled egg

Experimental diet

L* (brightness) a*(red) b* (yellowness)
T1 Control 85.09 + 0.60° 0.36 + 0.61° 14.60 + 1.10°
T2 Cantha150+Apo100 78.82 + 0.55 8.42 +0.34° 36.24 + 0.86"
T3 Cantha150+Apo150 78.99 + 0.58° 8.59 + 0.49° 40.86 + 1.35°
T4 Cantha150+Xan1000 78.17 + 0.59° 10.18 + 0.57° 36.61 + 1.02°
T5 Cantha250 79.99 + 0.33° 12.06 + 0.20° 27.97 +0.64°
T6 Cantha250+Apo150 78.52 + 0.34° 11.55 + 0.47° 36.89 + 1.37°
P-Value <0.01 <0.01 <0.01
SEM 0.45 0.73 1.64

**\Means within a column with different superscript indicate significant differences with p < 0.05(Duncan’s test)

SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 = 100 ppm

apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyl
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Figure 2. The color of the boiled egg yolk on the supplementation of synthetic colorants in feed at different

levels

Table 6. Effect of dietary synthetic color supplement on egg yolk color intensity of Boiled salted egg yolks
and salted egg Yolk

Boiled Salted egg yolks Salted egg yolks
Experimental diet L* a* b* L* a* b*
(brightness) (red) (yellowness) (brightness (red) (yellowness)
T1 Control 55.56+6.50° -1.51+123" 11.44+213° 3292+278" 337+079  4.42+3.02

T2 Canthal50+Apo100  50.09 +5.86° 9.08+1.33° 30.16+378° 30.21+252" 9.09+0.90° 549+ 1.67
T3 Cantha150+Apo150  44.24 +4.40° 10.85+0.97° 25.01+9.62° 26.45+8.17° 8.69+1.07° 4.06%2.44
T4 Canthal50+Xan1000  40.09 + 1.50° 12.15+0.41° 22.75+2.93° 29.23+2.33" 0.4020.79" 4.36+2.24
T5 Cantha250 4099 +1.37° 13.04+045" 23.37+287" 29.65+1.07" 9.07+096°  2.09+2.01
T6 Cantha250+Apo150  42.20+2.89° 13.36 £0.74° 26.54 £3.56" 28.25+1.92° 10.32+0.63° 3.29 2.6
P-Value <0.01 <0.01 <0.01 0.21 <0.01 0.34

SEM 1.25 0.96 1.34 0.74 0.45 0.44

**Means within a column with different superscript indicate significant differences with p< 0.05(Duncan’s test)
SEM = standard error of means, Cantha 150 = 150 ppm canthaxanthin, Cantha 250 = 250 ppm canthaxanthin, Apo 100 =

100 ppm apo-ester, Apo 150 =150 ppm apo-ester, Xan1000 = 1000 ppm 2 % xanthophyll
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