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Introduction: Carotenoids, particularly lutein and -carotene, are natural pigments with strong antioxidant
properties, widely recognized for their role in improving yolk pigmentation and mitigating oxidative stress in
poultry. The growing consumer demand for natural feed additives has prompted the exploration of plant-
based sources rich in carotenoids. Alfalfa (Medicago sativa L.), a commonly cultivated forage crop, is a
particularly promising source due to its high xanthophyll content, including lutein and zeaxanthin, which
contribute to both pigmentation and antioxidant defense. While synthetic carotenoid products, such as
Lucantin®, are widely utilized in commercial poultry production for yolk pigmentation, there is increasing
interest in natural alternatives that can provide comparable efficacy while potentially enhancing consumer
acceptance and sustainability. The present study was designed to evaluate the effects of different inclusion
levels of alfalfa carotenoid extract in comparison with commercial Lucantin® on egg quality parameters and
oxidative stress indicators in laying hens.

Materials and Methods: A total of 128 laying hens were randomly assigned to four dietary treatments using
a completely randomized design, with four replicates of eight birds per replicate. The experimental
treatments were as follows: C) control diet based on corn-soybean, A20) control diet supplemented with 20
g/ton alfalfa extract, A30) control diet supplemented with 30 g/ton alfalfa extract, and L35) control diet
supplemented with 35 g/ton Lucantin®. Carotenoids were extracted from fresh alfalfa through a sequential
solvent extraction method using ethanol, ethyl acetate, and hexane at three different temperatures (25°C,
40°C, and 60°C). The extract was subsequently filtered, subjected to rotary evaporation, and saponified using
40% potassium hydroxide to remove lipids. Total carotenoid content was quantified using UV-Vis
spectrophotometry according to standard lutein protocols. Egg quality traits, including shell thickness,
specific gravity, yolk color (assessed using DSM YolkFan™), yolk diameter, yolk height, yolk index (ratio
of yolk height to diameter), and Haugh unit, were measured at weeks 2, 4, 6, and 8. Plasma samples collected
at week 8 were analyzed for oxidative stress markers, including malondialdehyde (MDA) as a lipid
peroxidation indicator, as well as the activities of antioxidant enzymes superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), and total antioxidant capacity (TAC). Statistical analyses were
performed using the General Linear Model (GLM) procedure of SAS 9.4, and differences among treatment
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means were evaluated by Duncan’s multiple range test.

Results and Discussion: Dietary supplementation with both alfalfa carotenoid extract and Lucantin®
significantly improved yolk pigmentation compared to the control group (P<0.0001), with the Lucantin®-
supplemented group exhibiting the highest color index among all treatments. Malondialdehyde (MDA)
levels, representing the extent of lipid peroxidation and oxidative damage, were significantly lower in A20
and A30 compared to the control (P=0.0233), indicating enhanced systemic antioxidant status. Although no
statistically significant differences were observed in the activities of antioxidant enzymes (SOD, GPx, and
CAT) among the treatment groups (P>0.1), upward trends were evident in the carotenoid-supplemented
groups, suggesting potential improvements in enzymatic antioxidant defense. The yolk index, an important
indicator of internal yolk quality reflecting the ratio of yolk height to diameter, did not differ significantly
among treatments during the first two weeks of supplementation (P>0.2). However, by week six, both A30
and L35 treatments exhibited significantly higher yolk index values compared to the control and A20 groups
(P=0.016), with A30 achieving the highest yolk index overall. These findings indicate that both natural
alfalfa-derived carotenoids and synthetic Lucantin® can improve yolk structural integrity, likely due to the
antioxidant properties of lutein and zeaxanthin, which stabilize yolk microstructure and reduce lipid
oxidation. Shell thickness remained unaffected across all treatments during the experimental period (P>0.3),
and specific gravity, an indicator of internal egg quality and water-to-dry matter ratio, also showed no
significant differences among dietary groups (P>0.25). Similarly, yolk diameter was not significantly altered
by dietary supplementation (P>0.05), indicating that carotenoid addition primarily influenced yolk
pigmentation and consistency rather than gross yolk size.

Conclusion: The current study demonstrates that dietary supplementation with alfalfa-derived carotenoids at
a level of 30 g/ton effectively enhances egg yolk pigmentation and supports systemic antioxidant defense in
laying hens. These effects were comparable to, and in some parameters even superior to, those observed with
synthetic Lucantin®. The results highlight the potential of alfalfa as a sustainable, natural alternative to
synthetic carotenoids in poultry diets, providing both functional benefits in oxidative stress mitigation and
improvements in egg quality traits. Incorporating alfalfa carotenoid extract into layer diets represents a
promising strategy for producing high-quality eggs with enhanced consumer acceptance, supporting both
health-promoting and economically viable poultry production practices.
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1- Yolk Index
2- YolkFan (DSM Nutritional Products)
3- Haugh Unit
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Figure 1- Effect of solvent type (ethyl acetate, ethanol, and hexane) and extraction temperature (25, 40, and 60 °C) on total
carotenoid content (g) extracted from alfalfa samples
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Table 2- Effects of different levels of Alfalfa-derived carotenoids and synthetic pigment (Lucantin®) on egg yolk color index during
the experimental period
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Values are expressed as mean + standard error (SE) based on four independent replicates. Mean comparisons were performed using
Duncan’s multiple range test at a 95% confidence level.
=d Means in each row with different superscript letters indicate statistically significant differences at P<0.05.
C*: Control (no supplemental carotenoid source). A20% Diet supplemented with 20 mg/kg alfalfa-derived carotenoid extract. .A30%: Diet
supplemented with 30 mg/kg alfalfa-derived carotenoid extract. L35* Diet supplemented with 35 mg/kg lucantin (commercial carotenoid source)
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Table 3 — Effects of dietary treatments containing Alfalfa carotenoid and commercial Lucantin on oxidative stress-related blood
parameters in laying hens at week 8 of the experiment
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MDA 1 TAC? SoD 3 GPx* CATS

Treatment (hmol/ml) (umol/L) (U/ml) (U/ml) (U/ml)
C 8.94%0.19 2 301.38%16.44 269.00£13.60 212.63%5.81 124.13+11.64
A 20 7.500.07 314.38+10.83 312.38+30.62 194.00£8.27 138.63£17.95
A30 7.84+0.34 1 286.00+5.72 315.88+18.76 189.38+8.67 161.13+12.22
L35 8.14+0.41 % 332.2549.72 319.38+13.56 208.13+9.38 129.50+5.33

P value 0.0233 0.0732 0.3063 0.1904 0.2244
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Values are expressed as mean + standard error (SE) based on four independent replicates. Mean comparisons were performed using
Duncan’s multiple range test at a 95% confidence level. *® Means in each column with different superscript letters indicate
statistically significant differences at P<0.05.

C = Control (no supplemental carotenoid source). A20 = Diet supplemented with 20 mg/kg alfalfa-derived carotenoid extract. .A30 = Diet
supplemented with 30 mg/kg alfalfa-derived carotenoid extract. L35 = Diet supplemented with 35 mg/kg lucantin (commercial carotenoid source)
IMDA: malondialdehyde; 2TAC: total antioxidant capacity; 3SOD: superoxide dismutase; “GPx: glutathione peroxidase; SCAT:
catalase.
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Table 4 — The effect of different dietary treatments containing Alfalfa carotenoid and commercial Lucantin on
egg quality traits during the experimental period
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treatment Yolk ?&'ggt Yolk(glni;neter Yolk index Specific gravity Shell(tl?rlrf)kness Haugh unit
inlesl ¥ aian
Experimental Week 2
ct 19.49 + 0.589 41.51+£0.798 0.47 £0.013 1.093 + 0.002 463.25 + 2.926 98.42 + 1.030?
A 20?2 19.19 £ 0.515 41.64 +0.203 0.46 £0.012 1.094 £ 0.002 461.5 + 3.663 98.84 £ 0.3772
A308 19.35+0.125 43.16 + 0.565 0.45 + 0.006 1.092 £ 0.002 468.25 + 2.562 94.43 +1.106°
L35% 19.09 £ 0.274 43.54 + 0.699 0.44 +0.010 1.092 + 0.002 456.5 + 6.384 94.15 + 1.627°
P value 0.9161 0.0793 0.2231 0.8626 0.3025 0.0179
EAIS{R V1N
Experimental Week 4
C 18.45 £ 0.290 42.74 £0.570 0.43 £0.003 1.096 + 0.003 426.92 +17.100 95.45 +1.240
A20 19.15 £ 0.480 42.11 £ 0.440 0.46 £0.015 1.092 + 0.004 448.08 +17.820 97.19 + 1.440
A 30 17.83+0.410 41.72 £0.530 0.43 £0.010 1.092 + 0.001 455.08 +11.040 95.39 +£0.810
L 35 18.57 +0.310 42.81 +0.490 0.43 £0.010 1.091 + 0.002 437.58 +17.140 96.50 + 1.050
P value 0.1638 0.4082 0.252 0.5871 0.6321 0.6496
Uinlejl & azan
Experimental Week 6
o 16.74+0.170°  43.97 £0.240 0.38 +0.005° 1.093 + 0.002 434.50 £ 5.430 90.71 £+ 1.880
A20 16.71+£0.320°  43.28 +£0.500 0.39 +0.004° 1.093 £+ 0.001 427.83 +11.860 90.07 + 1.950
A 30 18.22 £0.330*  43.89 +£0.470 0.41 £ 0.0102 1.095 + 0.001 444.50 = 7.780 86.71+2.180
L 35 17.74 £0.380®  43.03 + 0.630 0.41 £+ 0.0082 1.096 + 0.002 435.83 + 13.130 88.20 £ 2.710
P value 0.0313 0.4636 0.016 0.5565 0.7117 0.5803
eolojl A azin
Experimental Week 8
C 14.47 £0.390 45.30 £ 0.830 0.32+£0.010 1.10 £ 0.000 431.25+2230  76.96 +1.510%
A20 14.95 + 0.600 45.65 + 1.040 0.33+£0.020 1.10 + 0.000 42150 £+11.870  80.83 +0.980?
A 30 15.19 + 0.650 45.91 £ 0.300 0.33+£0.020 1.10 + 0.000 433.42+5360  79.14 +1.1902
L 35 14.51 +0.350 46.42 £0.170 0.31+0.010 1.09 + 0.000 430.42 £10.000 72.82 +2.670°
P value 0.713 0.7099 0.7727 0.2539 0.7544 0.0329
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Values are expressed as mean + standard error (n = 4). #® Means in each column with different superscript letters indicate

significant differences at P < 0.05.

C! = Control (no supplemental carotenoid source). A202 = Diet supplemented with 20 mg/kg alfalfa-derived carotenoid
extract. .A30° = Diet supplemented with 30 mg/kg alfalfa-derived carotenoid extract. L35* = Diet supplemented with 35

mg/kg lucantin (commercial carotenoid source)
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