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Introduction: Carotenoids, particularly lutein and [-carotene, are natural pigments with
potent antioxidant activities, commonly used to enhance yolk pigmentation and reduce oxidative
stress in poultry. With increasing demand for natural additives in animal feed, alfalfa (Medicago
sativa L.), a rich source of xanthophylls, has drawn attention as a sustainable and functional
ingredient. While synthetic products such as Lucantin® are widely used in commercial practice,
their natural counterparts may offer comparable efficacy with improved consumer acceptance. The
present study investigates the impact of different levels of alfalfa carotenoid extract and
commercial Lucantin on egg quality traits and oxidative stress ndicators i laying hens.

Materials and Methods: Atotal of 128 laying hens were randomly assigned to four dietary treatments
in a completely randomized design with four replicates of eight birds each. Treatments included: C) control
diet (corn-soybean based), A20) control + 20 g/ton alfalfa extract, A30) control + 30 g/ton alfalfa extract,
and L35) control + 35 g/ton Lucantin. Carotenoids were extracted from fresh alfalfa via solvent extraction
using ethanol, ethyl acetate, and hexane at temperatures of 25°C, 40°C, and 60°C, followed by filtration,
rotary evaporation, and saponification using 40% KOH. Carotenoid content was quantified using UV-Vs
spectrophotometry based on standard lutein protocols. Egg quality traits (including shell thickness, specific
gravity, yolk color (DSM YolkFan™), yolk diameter, yolk height, yolk index, and Haugh unit) were
recorded in weeks 2, 4, 6, and 8. Oxidative stress markers such as malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and total antioxidant capacity (TAC) were
assessed in weeks 8 from plasma samples. Statistical analysis was performed using the GLM procedure of
SAS 9.4, and treatment means were compared using Duncan’s multiple range test.

Results and discussion: Dietary supplementation with alfalfa carotenoid extract and Lucantin®
significantly improved yolk pigmentation compared to control (P<0.0001), with Lucantn® showing the
highest color index. Oxidative stress marker MDA was significantly reduced in A20 and A30 compared to
control (P = 0.0233), indicating improved oxidative status. Although antioxidant enzymes SOD, GPx, and
CAT did not differ significantly (P> 0.1), increasing trends were observed in carotenoid-supplemented
groups. The yolk index, representing the ratio of yolk height to diameter and an indicator of internal yolk
quality, showed no significant differences between treatments during the first two weeks (P>0.2). However,
by week six, treatments A30 and L35 exhibited significantly higher yolk index values compared to the
control and A20 groups (P =0.016), with A30 presenting the highest values. This suggests that both natural
and synthetic carotenoids contribute to improved yolk consistency, likely through the antioxidant effects of
lutein and zeaxanthin in alfalfa, which stabilize yolk microstructure and reduce lipid oxidation. Shell
thickness did not differ significantly across dietary treatments throughout the experimental period (P>0.3).
Specific gravity, an indicator of internal egg quality and water-to-dry matter ratio, was unaffected by
treatments (P>0.25). Yolk diameter showed no significant differences among treatments (P>0.05).
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Conclusion: The present study demonstrates that dietary supplementation with alfalfa-derived
carotenoids at 30 g/ton can effectively improve egg yolk pigmentation and systemic antioxidant defense in
laying hens. The effects were equal to or even superior to those observed with synthetic Lucantin,
supporting the application of alfalfa as a viable, natural alternative for enhancing egg quality and reducing
oxidative stress in poultry production.
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"Vitamin premix supplied the following, per kilogram of diet: vitamin A, 11025 IU; vitamin D3, 3528 IU; vitamin E, 33
mg; vitamin K3, 0.91 mg, Vitamin B1, 0.18 g; Vitamin B2, 0.825 g, Vitamin B3, 1.00g, Vitamin BS, 3.00 g; Vitamin B6,
0.30g; Vitamin B9, 0.125g; Vitamin B12, 0.15g; choline chloride, 50g
2 M ineral premix supplied the following per kilogram of diet: I (calcium iodate), 1.25g; Se (Sodium selenite), 0.3 g.
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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

) ialojl (sloo
riale] sia Experimental diets
Experimental C! A 20 2 A 30 3 L35 4

week al oy wiiy 139595 820wy aiyselS 30 oaisgg 35 @
o> didn 419 £0.11¢ 475 £0.12b 5.13 £0.11° 10.19 £ 0.112 <0.0001
2ol asan 4.50 +0.204 5.50 £0.12¢ 6.38 +0.24° 10.56 + 0.18 <0.0001
uddd AZhts 463 £0.124 6.00 £0.11¢ 7.50 £0.18° 11.44 £ 0.10° <0.0001
PUR PRI 4.13 £0.114 5.88 £0.15¢ 6.56 +0.15° 10.56 £ 0.292 <0.0001

ol 780 fiabol s 3 5Sols (glaalsaiy gl f ool b 3, Silko duglio ilodd 335 e )55 oz ) ol ((SE) sjuitil slos £ 5, 55ks) & oy ysolie
Ao 5 P<O.05 s 1) o ine (o] ol i ciglite By o gl g3y, 0 a5 lopsSile™ s
ojlac p)S Ve (gobs oy =A30 © > oF ) 4oy olS Jl oddpl el (gaSeig S ojkac £S5 Ve (gob oy = A20 {35959, auio (9538] pos) dalis = C
3559 58 e e eS8 )T YO (g5l 02 = L35 w0y 05 0 3 4 oS o) Bl sauigs S
Values are expressed as mean + standard error (SE) based on four independent replicates. M ean comparisons were performed

using Duncan’s multiple range test at a 95% confidence level.
*dMeans 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 A lfalfa carotenoid and commercial Lucantin on oxidative

stress-related blood parameters in laying hens at week 8 of the experiment

Treatment MDA ! TAC? SOD 3 GPx 4 CAT 3
(nmol/ml) (pmol/L) (U/ml) (U/ml) (U/ml)

C 8.94+0.19 @ 301.38+16.44 269.00+13.60 212.63+5.81 124.13+11.64
A20 7.50+0.07 ® 314.38+£10.83 312.38+30.62 194.00+8.27 138.63+17.95
A30 7.84+0.34 b 286.00+5.72 315.88+18.76 189.38+8.67 161.13+£12.22
L35 8.14+0.41 2 332.25+9.72 319.38+13.56 208.13+9.38 129.50+5.33

P value 0.0233 0.0732 0.3063 0.1904 0.2244

hials Lix gel ol o700 o (bl o dme gl oaim i gt b Sglite g loas @l (Mean + SE) Jlae slas * 4Sike o jgods aodls
Ao b5 P<O.05 s 5 1y s sine ool @glis it Sglize gy (g5 gty 5 45 ol yeSilee 2 Potisly o Sl

ojbas £S5 T g5l oy = A30 wyx o5 0 3 a8 oS o] Sl (s a55s S o las S Ve (ol by = A20 {sudsB ) aite (39581 gy) el = C
L5595 58 e e eS8 )T YO (55l 02 = 135 ey o5 0 3 4z oS el Sl a9y S

VB :Catalase’ sy 55658 GPX' hgons 3puST g SOD? t5b Slapusl 3l cud b TAC? il espglle MDA

Values are expressed as mean + standard error (SE) based on four independent replicates. M ean 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)

'M DA : malondialdehyde; >TAC: total antioxidant capacity;3SOD: superoxide dismutase; *GPx: glutathione peroxidase;
SCAT: catalase.

g oaiS el slagpe 31y Sl 5l cla jasls d9ms 9 15 63 y9llo o gxe yialS 35 ] g Liwl o
SHE] o e 9 VB 5 ST 0098695 JUgemd dpuSTppgm Joli a3l slopadls oS )l
S5 p5Y (P=0.0732) 15 osalie (6> sme (gylol ciglds ¢ pb Sl 5 cud b 590 55 il (oo e
Dy90 i diad 4D ol posl (6 S Wged (wlwl gl ¢ ol i (3 b Gxe sl G5 pae WD 4 Cowl
2 i ol b 03 1801 03 gle (RIS s o 1SS (139381 il gy > 28 )S )5 Judos g 4o
ol bl (s guen (Gao et al, 2020) 5)155 b ass opl 03,55 sdalie o3l SlwnS 5T sla jadls
SBMS] ol g o 35 ShwnS 5T lags 5T cdld Lol 3 el MDA ialS pogdle anb il Stisl a8 sisls
S Sl g0y 53 JsS5e (g )il cBpae loj oo g e S a1 3l cleb 008 5 £ 5] g5 e
035 Sl oY > (65518 9 3T Sl Gl ol 3 ol > g At Jgens slaJdgnl S 4 s
o il L Lagd (o gmoldensy (IS 5 03,5 ) gm0 13 ims (i Sglite (So5elgm Bl Ll oo

ol Ll WSSy xto Sl 5T )18 g olewd Bl 4 gadge ol g Conns ol yor  SlawST 5l



£ (A5 s Baad L
Sl sime LialS (sl p)5 YO) (piilS'y) 5 (5959)5 £ 5 Vo) 5YL 0 L doig (sa5959,l8 o lac suiScdl o
odats CuS  BdilaSS) (sYU CGras Laie Ol gl 5l 6L sl (Koo aBl pl aisld A20 Hle g JpiS & Cans

wialojl 0,90 Jgb 13§ 0055 S (slaasli  (5)bw il g 4 150 sl> (Ll oy il slalos S1-E Jgua
Table 4 — The effect of different dietary treatments containing Alfalfa carotenoid and commercial Lucantin on egg
quality traits during the experimental period

o 03); £ 35 )B‘)&LA 03)j pa3ls PR i e wa sl 2ol
treatment  Yolk height (mm) Yolk Diameter Yolk index Specific gravity Shell thigkyiess Haugh unit
(mm) i (um)
Olulejl ¥ azn
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 207 19.19 + 0.515 41.64 + 0.203 0.46 + 0.012 1.094 + 0.002 461.5 + 3.663 98.84 + 0.377°
A30° 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
ool ¥ azan
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
A 20 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
L35 18.57 £ 0.310 42.81 £ 0.490 0.43 +0.010 1.091+0.002 43758+ 17.140  96.50 + 1.050
P value 0.1638 0.4082 0.252 0.5871 0.6321 0.6496
Dlolojl & azin
Experimental Week 6
C 16.74 £ 0.170° 43.97 £ 0.240 0.38 + 0.005° 1.093 + 0.002 434.50 £ 5.430 90.71+ 1.880
A 20 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 + 0.010° 1.095 + 0.001 44450 £ 7.780 86.71 + 2.180
L35 17.74 + 0.380%" 43.03 £ 0.630 0.41 + 0.008° 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
oislofl A azin
Experimental Week 8
C 14.47 + 0.390 45.30 £ 0.830 0.32+0.010 1.10 + 0.000 431.25 + 2.230 76.96 = 1.510°
A 20 14.95 + 0.600 45.65 + 1.040 0.33+0.020 1.10 + 0.000 421.50 + 11.870 80%88305
A 30 15.19 + 0.650 45.91 + 0.300 0.33+0.020 1.10 £ 0.000 433.42 £ 5.360 719i1;0;£
L35 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

source)

it P < 0.05 gaw 5 3 i S 0ain b5 g 1o 3 Sglite Ggys P lond asl) (N = 4) 5 uibd clas & Sl & 90 4 ol
sfas oS ¥ gl oy = AB0T Copr (5 m o sy ol Jl oigl s g8 olas oS Ve (g5 o = A207 ¢S ae o9l o9a) als = C

255555 (5125 g olgiets () 25 YO syl 02 = LBET (o pn Oy 3 a5 0l o] il (s S
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). 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
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