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Effects of Canthaxanthin Supplementation in Laying Hen Diets on Egg Quality
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Table 1 Effect of canthaxanthin supplementation in the diet on egg quality and egg yolk color. negative

control (30% corn+20% wheat), positive control (50% corn), 5% Distillers Dried Grains

[tems corn30%+  Corn  DDGS DDGS CTX 110 (CTX 210 Corn P-value
20%wheat  50% 5% 10% ppm. ppm. 40%
Eeg production 98.6° 974> 986" 9797 974’ 99.0° 982"  0.035
ADFI, g 135 137 135 136 135 136 135 0.657
Gravity 1.10 110 110 110 1.10 110 110 0722
Strength (kg/cm”) 3.88 385 397 385 3.83 381 381 0214
Weight (g) 60.3 60.8  60.6 610 60.5 60.6 605  0.325
Height (mm) 8.2 81 81 8.0 8.0 8.1 82 0841
Shell color 11.10 115 112 115 11.2 113 112 0651
Haugh unit 90.1 890 89.6 889 89.1 895 898  0.252
Shell thickness (mm) ~ 39.7 393 398 386 39.2 386 397  0.698
Yolk color 4.8 54° 505 59° 7.6 9.7° 65 0024

DDGS = 10% Distillers Dried Grains with CTX = 0.011% Canthaxanthin; 0.021% Canthaxanthin; commercial feed
(40% corn). SE, Standard error. Treatment values followed by same alphabet do not differ significantly at P=0.05.
Source: Cho et al. (2016)
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Table 2 Effects of die tary Canthaxanthin supplementation on egg-laying performance in hens

[tem Time NC NCX4 NCX6 NCX8 NCX10 P-value

Ege-laying rate (%) 3Weeks  47.61+5.61°  39.60+3.75  39.86+1.87°  45.08+2.14° 39.17+1.24°" 0.323
6 Weeks  55.63+8.18" 4327+506°  40.554¢832°  44.33+3.99° 34.26+7.21° 0.328
9 Weeks  67.80+3.81"° 76964255  73.45+2.02"°  75.18+3.45" 56.91+0.41" 0.000
P-value 0.046 0.001 0.005 0.00 0.042

Average egg weight(s) 3 Weeks  42.93+1.22 40.6+1.6 40.69+0.72° 41.35+0.94 41.10.79 0577
6 Weeks  42.66+1.17 41.08+3.26 45.39+0.73" 43.58+1.94 42.79+1.36 0.614
9 Weeks  42.14+1.97 45.61+2.22 46.71+1.06" 41.14+1.61 44.04+1.22 0.138
P-value 0.930 0311 0.000 0.486 0.225

Average feed intake(g) 3 Weeks 1107241862  97.12+2154  97.89+21.63  98.52+21.56 93.15425.17 0.983
6 Weeks  102.9+7.42 91.82+10.97  98.89+8.22 92.16+6.17 84.08+5.7 0533
9 Weeks  101.42+8.61 88.4+4.24 94.16+6.42 93.01+4.36 89.2+5.56 0.589
P-value 0.3578 0.910 0.968 0.934 0.916

Yolk weight(g) 3Weeks  12.44+0.57° 13.240.31° 135240370 12.410.28° 12.92+0.44° 0.263
6 Weeks  15.94+0.76" 15.04+0.52"  16.83x0.54"  1568+0.47" 15.54+0.69" 0341
9 Weeks  14.82+0.71"°  15.48+0.62" 16.15+0.3" 14.95+0.46" 15.2240.61" 0.483
P-value 0.008 0.013 0.00 0.00 0.013

Relative weight of egg 3 Weeks  29.11.658" 3269+1.12° 33226062 30.11:1.06°°  31.41:0.73 0.039

Yolk (%) 6 Weeks  35.49+1.95" 34.57+2.52 33.17+1.6"°  34.34+1.92" 34.47+1.79"° 0.987
9 Weeks  37.26+1.26" 37.53+1.57 3761+051"  36.49+1.23" 37.52+0.78" 0516
P-value 0.007 0.154 0.047 0.01 0.028

Note:™® Values within a column with different superscripts differ significantly at p < 0.05, while those with the same or no letter

a

superscripts mean no significant difference (p>0.05) " Values within a row with different superscripts differ significantly at p < 0.05, while

those with the same or no letter superscripts mean no significant difference (p>0.05). Abbreviations: NC=normal temperature control
group; NCXd=supplementing the dailydiet with an additional 4 mg/kg Canthaxanthin under normal temperature; NCX6=supplementing the
daily diet with an additional 6 mg/kg Canthaxanthin under normal temperature; NCX8=supplementing the daily diet with an additional 8
me/kg Canthaxanthin under normal temperature; NCX10= supplementing the daily diet with an additional 10 mg/kg Canthaxanthin under

normal temperature.
Source: Yiping et al. (2025)



Yolk color

3 WK 6 WK 9 WK

mNC mNCX4 NCX6 mNCX8 mNCX10

Time of feeding CX, Weeks
Source: Yiping et al. (2025)

Table 3 Effect of dietary Canthaxanthin supplementation on total amino acid content in eeg Yolk

Total Amino Acid 3 Weeks 6 Weeks 9 Weeks P-Value
Content (umol/g)

NC 123.99 + 1.95 " 13726+ 442" 11075+ 9.81 " 0.012
NCX4 117.36 + 2.64 12326 + 2.87 " 111.46 + 9.40 0.153
NCX6 113.42 + 8.92 10601 + 7.66 °  120.85 + 4.60 0.245
NCX8 116.50 + 4.20 " 108.68 + 274 12431 +399" 0.013
NCX10 124.37 + 4.28 128.92 + 653" 119.83 + 5.76 0.41
P-value 0.086 0.008 0.151

Note: *° Values within a colurn with different superscripts differ significantly at p < 0.05, while
those with the same or no letter superscripts mean no significant difference (p > 0.05). ““Values
within a row with different superscripts differ significantly at p < 0.05, while those with the same or
no letter superscripts mean no significant difference (p > 0.05). Abbreviations: NC, normal
temperature control group; NCX4, supplementing the daily diet with an additional 4 me/kg
CX:canthaxanthin under normal temperature; NCX6, supplementing the daily diet with an
additional 6 mg/kg CX:canthaxanthin under normal temperature; NCX8, supplementing the daily
diet with an additional 8 mg/kg CX:canthaxanthin under normal temperature; NCX10,
supplementing the daily diet with an additional 10 mg/kg CX:canthaxanthin under normal
temperature.

Source: Yiping et al. (2025)



Table 4 Effects of dietary Canthaxanthin supplementation on esg quality

itern Time NC NCX4 NCX6 NCX8 NCX10 P-Value

TG (mg/e)  3Weeks  33.71x0.97  36.01:0.83"°  3592:163°  359:0.98° 37.87+2.73 0.521
6 Weeks 37.66+2.89"  3291+0.79°°  30.87+1.41"  36.22+1.29°  36.86+0.62° 0.049
9Weeks  41.26x1.72  37.88:0.67  39.74+120"  40.61x0.68"  39.92+2.73 0.651
P-value 0.098 0.01 0.013 0.029 0.642

TC(mg/e)  3Weeks  11.14+0.60  10.83:0.4°  11.83:0.91 13.7+2.39 13.79+2.18 0533
6 Weeks  12.95:0.81 11.18+0.8" 10.88+1.01 11.77+0.56 12.0120.67 0.429
9 Weeks  10.82+0.12 1024034  11.24+0.86 9.94+0.45 11.59+0.66 0.257
P-value 0.0834 0.035 0.775 0.258 0.520

LEC (ng/e) 3 Weeks  25521+14.50° 270.42+25.65° 244.41:4552° 294.59+41.91° 24197+18.82°  0.759
6 Weeks  389.27+2.47°  409.07+338"  41543+332"°  409.25+3.90"  441.06+552™ 0.000
9 Weeks  36833+338" 43457311 442554343 40539223 428944502 0.000

P-value 0.000 0.001 0.004 0.026 0.000
LDL-C 3 Weeks  33.32+3.04 30.36+2.57 3553287 33.18x0.49"  32.04+1.89 0.643
(umol/g) 6 Weeks 27.6+2.82 25.9+2.03 2572425 2747178 28.69+0.45 0.831
9 Weeks  25.86+1.78 20.63:0.52  26.23x1.72°  22.68+1.248°  27.09+0.68 0.218

P-value 0.187 0.165 0.048 0.004 0.063
HDL-C 3 Weeks 9.62+0.59" 8.5+0.28" 8.97+0.92" 9.45+0.49, 8.43+0.75 0.605
(umol/g) 6 Weeks 6.09+1.05" 5.64:0.59% 4.61+0.45" 6.16+0.70° 6.5:0.53 0.408
9 Weeks  6.85:0.20"°  6.86:0.17"° 7.91:046"  7.42:0.20" 6.95:0.67 0.309

P-value 0.027 0.006 0.007 0.010 0.172
Ca (g/ks) 3 Weeks 0.5+0.04 0.52+0.02 0.54+0.01 0.55+0.03 0.57+0.03 0.382
6 Weeks 0.43+0.04 0.44+0.04 0.51+0.03 0.49+0.03 0.49+0.05 0.466
9 Weeks 0.56+0.04 0.6+0.07 0.57+0.02 0.6+0.03 0.65+0.07 0.771

P-value 0.117 0.125 0.305 0.086 0.175
P(mg/ke) 3 Weeks 0.98+0.04 1.010.01 1.02+0.01 0.99+0.04 0.98+0.01" 0.652
6 Weeks 0.96+0.03 0.97+0.06 1.0620.05 1+0.02 0.95+0.01° 0.183
9 Weeks 1+0.05 1.06+0.03 0.98+0.04 0.98+0.06 1J_rO.01A 0.728

P-value 0.796 0.360 0.455 0.945 0.020
VB, (me/kg) 3 Weeks 2.57+0.08 2.83+0.43 2.75£0.06 2.51:0.13 2.12+0.15° 0.250
6 Weeks 2.86+0.62 2.5+0.39 2.76+0.29 2.91+0.45 2.99+0,25" 0.462
9 Weeks 2.53+0.25 1.92+0.08 2+0.54 2.21+0.37 1.86103B 0.654

P-value 0.979 0.237 0.307 0.414 0.037

** Values within a column with different superscripts differ significantly at p < 0.05, °* Values within a row with
different Superscripts differ significantly at (p < 0.05), NC normal temperature control group; NCX4 : egg laying
rate supplementing thedaily diet with an additional 4 mg/kg CX:canthaxanthin under normal temperature; NCX6 :
egg laying rate supplementing the daily diet with an Additional 6 mg/kg CX:canthaxanthin under normal
temperature; NCX8 : egg laying rate supplementing the daily diet with an additional 8 mg/kg CX:canthaxanthin
under normal temperature; NCX10 : egg laying rate supplementing the daily diet with an additional 10 mg/kg CX:

canthaxanthinundernormaltemperature.

Source: Yiping et al. (2025)



Table 5 Productive performance of light commercial laying hens from 75 to 85 weeks of

age, depending on the levels of marigold and canthaxanthin flower extract

Marigold(ppm) Canthaxanthin Fl (g/bird)  FC (kg/dz)  FC(g/g) EM () PR (%)
(ppm)
2.10 0.40 111.41 1.58 1.97 56.59 87.96
2.40 0.70 112.96 1.89 2.20 51.99 79.04
2.70 1.00 116.64 1.66 2.05 57.06 88.47
3.00 1.30 112.92 1.64 1.99 56.98 88.97
2.10 0.40 111.78 1.83 2.18 51.9 79.80
2.40 0.70 117.54 1.76 212 55.62 86.70
2.70 1.00 114.58 1.78 2.07 55.24 84.01
3.00 1.30 115.66 1.75 2.13 54.37 84.43
2.10 0.40 114.44 1.83 2.09 55.72 84.68
2.40 0.70 114.83 1.84 2.17 54.59 84.26
2.70 1.00 113.52 1.87 2.11 54.44 83.16
3.00 1.30 114.81 1.67 1.89 60.73 91.25
2.10 0.40 113.85 1.96 2.24 51.58 79.71
2.40 0.70 117.10 1.62 1.95 60.22 84.02
2.70 1.00 109.61 2.00 217 43.79 67.34
3.00 1.30 116.58 1.69 2.00 58.34 88.38
P Value
Marigold NS NS NS NS NS
Canthaxanthin NS NS 0.029(L)  0.017(L) 0.029(L)
Marigold x canthaxanthin NS NS NS NS NS
Standard error 0.522 0.028 0.032 0.775 1.117
Regression equation R’
EMFC = 2.23430-0.178029 canthaxanthin 0.98
EM = 51.3010+4.85449 canthaxanthin 0.89
PP = 79.8419+6.29555 canthaxanthin 0.77

Fl: feed consumption; FC: feed conversion per dozen; FC: feed conversion by egg mass; EM: egg mass; PR:

oviposition rate; NS: not significant for P <0.05; L: linear effect and R2: coefficient of determination
Source: Maia et al. (2022)



Table 6 Quality of light commercial laying eggs from 75 to 85 weeks of age old for various

inclusions of dietary marigold and canthaxanthin flower extract

Marigold ~ Canthaxanthin ~ EW (g) SG TS Eggshell HU pH Albumen VI pH Yolk (%)

(ppm) (ppm) (g/cm?)  (mm) (%) albumen (%) (mm)  yolk
2.10 0.40 63.61 1.082 0.598 7.75 73.45 7.99 65.41 0.364 591  26.63
2.40 0.70 63.77 1.082 0.591 7.73 79.69 7.8 65.07 0.385 6 26.83
2.70 1.00 64.31 1.083 0.594 1.67 82.52 7.78 65.7 0.391 6.02 26.41
3.00 1.30 64.73 1.082 0.593 7.62 83.33 7.81 65.16 0.387 595  27.09
2.10 0.40 65.02 1.082 0.599 7.58 81.59 7.82 64.87 0.392 596 27.43
2.40 0.70 65.31 1.083 0.593 7.55 82.86 777 64.55 0.378 596  27.65
2.70 1.00 65.08 1.081 0.592 7.58 83.37 7.81 64.87 0.39 6.02  27.19
3.00 1.30 64.88 1.08 0.588 7.6 79.56 7.79 65.25 0.388 6.05 26.78
2.1.0 0.40 64.33 1.082 0.592 1.67 81.01 7.87 64.63 0.386 6.01 27.28
2.40 0.70 64.85 1.081 0.592 7.6 82.28 7.87 64.69 0.388 595 27.01
2.70 1.00 66.49 1.079 0.577 7.42 80.64 7.81 65.58 0.396 597 26.45
3.00 1.30 64.77 1.079 0,578 7.63 79.63 791 64.95 0.383 587 2693
2.10 0.40 64.85 1.079 0.597 7.63 86.56 .77 64.52 0.376 596 17.23
2.40 0.70 62 1.082 0.584 797 83.16 7.88 63.45 0.353 595 28.28
2.70 1.00 64.07 1.081 0.587 7.71 84.52 7.92 64.39 0.391 595 27.54
3.00 1.30 63.95 1.081 0.591 7.72 83.36 7.72 63.45 0.38 599  26.96
P-Value
Marigold NS 0.012 (L)  0.022(L) NS 0.005(L) NS 0.022 (L) 0.025(Q) NS 0.020(L)
canthaxanthin 0.024(L)  0.007 (L)  0.003(L)  0.013(L) 0.002(L) NS NS 0.012(Q) NS NS

NS NS NS NS NS NS NS NS NS NS

Marigold x canthaxanthin

0.276 0.003 0.014 0.033 0.575 0.136 0.138 0.024 0.127  0.128
standard error

EW: average egg weight; YI: yolk index; Yolk: percentage of yolk; Albumen: percentage of albumen;
Eggshell: percentage of shell; TS: shell thickness; SG: specific weight; HU: Haugh unit; NS: not
significant for P <0.05; Q: quadratic effect, L: linear effect

Source: Maia et al. (2022)



Table 7 Yolk colour in lisht commercial laying eggs from 75 to 85 weeks old for dietary

inclusions of marigold and canthaxanthin flower extract

Marigold (ppm)1 Canthaxanthin (ppm) LCR L* a* b*
2.10 0.40 5.02 36.57 -1.99 28.64
2.40 0.70 593 37.97 -1.56 25.71
2.70 1.00 6.73 34.98 -1.07 26.47
3.00 1.30 7.73 37.03 -0.77 31.58
2.10 0.40 6.078 38.79 -0.62 29.35
2.40 0.70 6.79 34.92 -0.08 30.09
2.70 1.00 7.05 37.10 0.28 20.87
3.00 1.30 8.11 38.05 0.53 25.48
2.10 0.40 6.35 37.58 0.53 26.96
2.40 0.70 7.07 35.16 0.85 31.32
2.70 1.00 7.95 38.57 0.50 32.35
3.00 1.30 8.67 35.04 -0.34 27.61
2.10 0.40 6.39 36.54 -0.92 29.81
2.40 0.70 6.92 37.63 -1.03 36.53
2.70 1.00 7.04 36.32 -0.42 30.51
3.00 1.30 8.31 36.65 -0.21 21.00
P Value

Marigold 0.000(Q) NS 0.025(Q) NS
Canthaxanthin 0.000 (L) NS 0.000 (L) NS
Marigold x canthaxanthin NS NS NS NS
Standard error 0.144 0.333 0.136 0.499

LCR: Roche colorimetric fan; L*: luminosity; a*: red / green coordinate; b*: yellow / blue coordinate; P value:
coefficient of determination; Q: quadratic effect; NS: not significant for P <0.05; L: linear effect; R2: coefficient of
determination; EFM: marigold flower extract; CANT: canthaxanthin

Source: Maia et al. (2022)
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