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Introduction: Oils have multiple functions, including improved palatability, increased feed intake,
safety, and performance (Stovanovic et al. 2018). Compared to broilers, the amount of oil added to
the diet of laying hens is lower because laying hens have a unique physiological status and are more
susceptible to lipid metabolism disorders than broilers (Gao et al. 2021). Omega-3 fatty acids play an
important role in layer or poultry nutrition due to their reduced incidence of cardiovascular and
inflammatory diseases (Roohanipour et al. 2022). Fish oil is one of the main sources of omega-3
polyunsaturated fatty acids, especially long-chain ones. The fatty acid profile of this oil shows that
more than 30% of its fatty acids are omega-3 polyunsaturated fatty acids (Kartal et al. 2003).
However, products containing higher proportions of omega-3 fatty acids make them more susceptible
to lipid peroxidation, which is an undesirable characteristic (Bassels et al. 2000). The fatty acid profile
of the oil plays a role in the susceptibility of oils to oxidation, as unsaturated fatty acids, and especially
unsaturated fatty acids with multiple double bonds, are more susceptible to lipid peroxidation than
saturated fatty acids (Weissman et al. 1998). Therefore, the use of antioxidants in diets containing
fish oil seems to be crucial. Recently, the antioxidant role of L-carnitine has also been considered
(Mansouri et al. 2024). L-carnitine is reported to be a potent antioxidant that reduces oxidative
damage while enhancing antioxidant enzyme activity, thus protecting cells from damage (Mansouri
et al. 2024). In recent years, although fish oil has been used to enrich eggs with omega-3 fatty acids
and even its positive effects on egg-laying physiology, its storage and oxidation problems have always
been a matter of debate. Therefore, the present study was conducted to investigate the effect of L-
carnitine supplementation in diets containing different levels of fish oil on the antioxidant function
and parameters of blood and liver, and serum and egg yolk lipid parameters in aged laying hens.
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Materials and methods: In this study, 432 laying hens (Hy-line-W36, 65 weeks of age) were used.
Birds with similar body weight (1530 = 50 g) was conducted in a completely randomized design with
a 2x3 factorial experiment with 6 replications and 8 birds per each. In order to adaptation to the
experimental conditions, the birds were first fed with the basal diet for 2 weeks. The experimental
treatments included diets containing 3 levels of fish oil (0, 1.5 and 3% of the diet) and 3 levels of L-
carnitine (0, 300 and 600 mg/kg of the diet) supplementation, which were adjusted according to the
nutritional recommendations of the Hy-line-W36 strain in 2020. To evaluate performance indicators,
eggs were collected twice a day (10 am and 4 pm) and the number and total weight of eggs were
recorded at the end of each day. Egg mass, feed intake and feed conversion ratio were calculated
weekly. To evaluate blood parameters, two serum samples from each replicate (12 samples per
treatment) were prepared at the end of the experimental period. To evaluate the antioxidant status of
the liver, at the end of the experimental period, 6 chickens from each treatment were slaughtered and
after opening the carcass, the livers of the birds were separated and sent to the laboratory to evaluate
the antioxidant status. To measure yolk lipids, 100 mg of egg yolk was mixed with 2.5 ml of NaOH
solution using a digital scale and neutralized with 2.5 ml of HCI solution (after 24 hours). The samples
(liver, yolk and serum) were tested using an automatic analyzer and kits prepared from Pars Azmoun
Company. Serum lipids were measured at a wavelength of 550 nm based on the enzymatic method
and serum and liver antioxidant parameters were measured based on the methods recommended by
the kit manufacturer. All data from this experiment were statistically analyzed in a completely
randomized design with a 3x3 factorial test using SAS software and the Mixed procedure.

Results and discussion: The results showed that hens treated with 3% fish oil and 300 and 600 mg
L-carnitine had the highest percentage of production, weight and egg mass, which was significantly
higher than the treatment without fish oil and L-carnitine. The feed conversion ratio also increased in
the treatments without L-carnitine supplementation compared to the other experimental treatments
(P<0.05). Diets containing 1.5 and 3% fish oil caused a decrease in the total antioxidant capacity of
the liver and serum and an increase in serum malondialdehyde, which the use of 300 and 600 mg L-
carnitine in these diets increased the total antioxidant capacity and reduced malondialdehyde. Also,
the main effects of fish oil and L-carnitine showed that 3% fish oil increased liver malondialdehyde
levels and 300 and 600 mg L-carnitine increased the activities of superoxide dismutase and
glutathione peroxidase enzymes compared to the control treatment (P<0.05). The interaction of L-
carnitine and fish oil had synergistic effects on serum triglyceride, cholesterol, and LDL
concentrations, and 1.5 and 3% fish oil levels along with 300 and 600 mg L-carnitine significantly
reduced serum triglyceride, cholesterol, and LDL concentrations. The main effects of L-carnitine at
300 and 600 mg L-carnitine levels decreased yolk cholesterol concentrations and increased serum
HDL (P<0.05). In agreement with the findings of the present study, recent studies reported
improvements in egg production and weight using 1.2 and 1.5% fish oil in the diet of laying hens
(Kralik et al. 2021).

Conclusion: In general, according to the results obtained, the present researchers recommend using
1.5% fish oil in the diet of laying hens in order to benefit from the positive effects of fish oil on egg-
laying performance and blood lipid parameters. However, based on the present results, if 3% fish oil
is used, the use of L-carnitine can be beneficial to prevent lipid peroxidation and reduce yolk
cholesterol.
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Table 1- Ingredient and chemical composition of experimental diets

Ingredient (% of diet) Control 1.5% fish oil 3% fish ail
Corn 60.17 56.73 53.01
Soybean meal (44%) 25.66 25.54 26.43
Wheat bran - 1.00 2.00
Soybean oil 0.3 0.3 0.3
Fish oil - 1.50 3.00
Dicalcium phosphate 2.16 2.27 2.48
Calcium carbonate 10.86 11.31 11.89
Salt 0.32 0.32 0.32
Sodium bicarbonate 0.10 0.10 0.10
DL- Methionine 0.097 0.098 0.102
Vitamin premix? 0.30 0.30 0.30
Mineral premix? 0.30 0.30 0.30
Chemical composition
Metabolisable energy (kcal/kg) 2685 2685 2685
Crude protein (%) 15.70 15.70 15.70
Ether extract (%) 2.78 3.91 4.98
Calcium (%) 4.65 4.65 4.65
Available phosphorus (%) 0.39 0.39 0.39
Methionine (%) 0.37 0.37 0.37
Methionine + Cysteine (%) 0.65 0.65 0.65
Lysine (%) 0.79 0.79 0.79
Fatty acid composition
C18:2n-6 35.01 31.47 27.92
C18:3n-3 0.31 0.33 0.59
C20:4 n-6 0.33 0.38 0.53
C20:5n-3 0.01 1.11 2.39
C22:6 n-3 0.01 0.92 1.61
SFA 31.01 34.99 38.65
PUFA 35.66 33.73 32.84
PUFA: SFA 1.15 0.96 0.85
Omega-3 0.33 2.35 4.39
Omega-6 35.33 31.38 28.45
Omega-6: Omega-3 107.1 13.35 6.48
LA: ALA 112.9 93.93 47.32

1 Supplied per kilogram of diet: Vitamin A, 1U10000; Vitamin Dz 1U2500; Vitamin E, 1U10; Vitamin Bz, 22mg; Vitamin Bz, 4mg;
Vitamin Bz, 8mg; Vitamin Bs, 2mg; Vitamin By, 0.56mg; Vitamin B2, 0.015mg; Choline, 200mg.

2 Supplied per kilogram of diet: Manganese, 80mg; Iron, 50mg; Zinc, 60mg; Copper, 12mg; Sodium Selenite, 0.3mg.

PUFA: polyunsaturated fatty acids, SFA: saturated fatty acids, LA: linoleic acid, ALA: a-linolenic acid.
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Table 2- Effects of using L-carnitine in diets containing different levels of fish oil on the performance
of laying hens

Treatment Egg production  Egg weight Egg mass Feed intake  Feed conversion
(%) (9) (g/d/bird) (g/d/bird) ratio
(%) Fish oil
0 87.79° 58.57¢ 51.41°¢ 103.9 2.022
1.5 88.52% 59.14° 52.37° 103.8 1.98°
3 89.152 59.682 53.22° 103.9 1.95°¢
SEM 0.260 0.159 0.254 0.142 0.008
P-Value 0.023 0.013 0.011 0.929 0.019
L-Carnitine (mg/kg)
0 86.98° 57.11° 49.69° 103.8 2.09?
300 88.66° 59.652 52.912 103.9 1.96°
600 89.792 60.642 54.45? 104.0 1.91¢
SEM 0.282 0.159 0.254 0.142 0.008
P-Value 0.039 0.029 0.007 0.789 0.022
Fish oil x L-Carnitine
0x0 87.30° 56.83¢ 49.60° 103.8 2.09?
0x300 87.74° 58.96" 51.72° 104.0 2.01°
0x600 88.33% 59.93%® 52.92% 103.9 1.96°
1.5x0 86.69° 56.91°¢ 49.32° 103.8 2.10°
1.5x300 88.32% 59.74% 52.76% 104.3 1.97°
1.5x600 90.55% 60.782 55.05% 103.8 1.88¢
3x0 87.05° 57.61°¢ 51.17° 104.0 2.072
3x300 89.912 60.202 54.13? 103.6 1.91¢
3x600 90.51° 61.222 55.392 104.3 1.88°
SEM 0.450 0.376 0.570 0.646 0.014
P-Value 0.033 0.047 0.016 0.171 0.021

&¢ Means in the same column with different superscripts are significantly different (P < 0.05).
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Table 3- Effects of supplementation of L-carnitine in diets containing different levels of fish oil on
antioxidant status of liver and blood serum

Blood Liver
Treatment TAC MDA TAC MDA GPx SOD
(mmol/ml)  (mmol/l) (mmol/ml) (mmol/l)  (mmol/dl) (pg/ml)
(%) Fish oil
0 1.35 2.77° 1.276% 0.306" 5.07 16.18
15 1.34 2.27° 1.093° 0.316% 4.97 15.53
3 1.38 2.36° 0.989° 0.353¢% 5.03 16.16
SEM 0.012 0.050 0.058 0.014 0.199 0.516
P-Value 0.111 0.004 0.041 0.047 0.212 0.299
L-Carnitine (mg/kg)
0 1.23¢ 2772 1.02¢ 0.305 4.45° 14.11°
300 1.36° 2.42° 1.14° 0.337 5.222 16.012
600 1.482 2.22° 1.35% 0.334 5.452 17.072
SEM 0.012 0.050 0.058 0.014 0.199 0.516
P-Value 0.009 0.011 0.019 0.259 0.015 0.031
Fish oil x L-Carnitine
0x0 1.26% 3.06? 1.26° 0.308 431 15.01
0x300 1.392 2.72° 1.29° 0.296 5.23 16.64
0x600 1.482 2.54° 1.492 0.316 5.67 17.40
1.5x0 1.22° 2.56° 0.944¢ 0.278 4.37 14.07
1.5x300 1.32% 2.082 1.19° 0.332 4.97 14.90
1.5x600 1.482 2.182 1.14° 0.340 4.68 14.62
3x0 1.19° 2.70° 0.870° 0.330 4.68 15.71
3%300 1.372 2.46%¢ 0.912°¢ 0.384 5.45 16.46
3x600 1.472 1.94¢ 1.186° 0.346 6.01 17.92
SEM 0.021 0.087 0.051 0.025 0.294 0.428
P-Value 0.013 0.022 0.016 0.523 0.348 0.123

&¢Means in the same column with different superscripts are significantly different (P < 0.05).
TAC: Total antioxidant capacity; MDA: Malondialdehyde; GPx: Glutathione peroxidase; SOD: Superoxide dismutase.
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Table 4 - Effect of supplementation of L-carnitine in diets containing different levels of fish oil on
serum and egg yolk lipid parameters in laying hens

Blood Egg yolk
Treatment Triglycerides Cholesterol HDL! LDL?2 Triglycerides Cholesterol
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
(%) Fish oil
0 2501.22 194.32 12.11 500.22 175.22 18.972
15 2371.2° 188.7° 12.52 474.2 170.04° 18.10°
3 2271.3° 180.2° 11.29 454.3 168.1° 17.88°
SEM 26.21 1.512 0.392 8.24 1.109 0.185
P-Value 0.023 0.033 0.052 0.012 0.019 0.048
L-Carnitine (mg/kg)
0 2494 42 192.12 10.86° 498.8? 172.3 18.728
300 2354.2° 188.12 12,532 470.8" 1715 18.222%
600 2295.3° 183.1° 12.46° 461.1° 169.7 18.03°
SEM 31.46 1.637 0.427 8.11 1.109 0.235
P-Value 0.029 0.007 0.044 0.042 0.269 0.049
Fish oil x L-Carnitine
0x0 2696.0? 197.8 12.10 539.22 175.00 19.40
0x%300 2516.0? 196.2 12.40 503.22 176.80 18.76
0x600 2291.8° 189.1 12.08 458.3 174.05 18.24
1.5%0 2422.1%® 1915 11.80 484.4% 173.20 18.16
1.5x300 2271.4° 188.6 12.60 454,3P 169.80 18.12
1.5x600 2420.0%® 186.4 13.20 484.0% 168.80 18.10
3x0 2365.2% 187.4 10.80 473.1% 168.35 18.00
3%300 2274.8° 179.8 12.60 454,9° 167.90 17.70
3x%600 2174.9° 173.6 12.20 434.8° 167.30 17.76
SEM 68.09 2.61 0.785 14.61 1.922 0.269
P-Value 0.048 0.445 0.093 0.029 0.692 0.310
a¢ Means in the same column with different superscripts are significantly different (P < 0.05).
! High-density lipoprotein, 2 Low-density lipoprotein
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