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Abstract  

This study was conducted in a field located at Al-Wardia area in Babylon Province. The experiment was 

lasted for 16 weeks from 20/11/2023 until 10/3/2024, to study the effect of adding different levels of 

Plantago ovata seed powder to the diet of laying hens on the lipid profile and oxidation parameters of 

stored eggs. 105 white Lohmann layer hens were used at the age of 65 weeks. The feed was provided 

according to the Lohmann white layer managements guide. Chickens were randomly distributed into 

five experimental treatments (21 birds for each treatment), each treatment included three replicates with 

seven hens in each replicate. The treatments were as follows: Treatment 1: Control group without any 

additions, Treatment 2: basic diet with 10 gm of psyllium seed powder added / kg feed, Treatment 3: 

basic diet with 15 gm of psyllium seed powder added / kg feed, Treatment 4: basic diet with 20 gm of 

psyllium seed powder added / kg feed and Treatment 5: basic diet with 25 gm of psyllium seed powder 

added / kg feed. All the experimental treatments showed a significant decrease (      ) in the 

concentration of cholesterol, triglycerides, low-density lipoproteins (LDL) and very low-density 

lipoproteins (VLDL) in the yolk when the eggs stored for the periods 0, 15 and 30 days with a 

significant improvement (      ) in the concentration of high-density lipoproteins (HDL) for all 

supplemented treatments compared to the first treatment (control).  The supplemented treatments 

recorded a significant improvement (      ) in the concentration of glutathione, catalase, and 

superoxide dismutase enzymes and a significant decrease (      ) in the concentration of 

malondialdehyde in the yolk compared to the control treatment.  

Keywords: Laying hens, Plantago ovata seeds, lipid profile, oxidation parameters  

Introduction 

Medicinal plants and their extracts have gained 

increasing importance at the present time in 

poultry nutrition, the essence of which lies in the 

value of their nutritional products and their 

positive impact on human health [1], in addition 

to the fact that medicinal plants improve the 

productive performance of poultry [2]. The 

widespread use of synthetic antibiotics and 

growth promoters in animal feed has been 
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banned by the European Union since 2006. This 

ban has played an important role in encouraging 

researchers to find efficient alternatives such as 

medicinal plants. The purpose of using 

antibiotics is known to protect animals from 

diseases, but microorganisms have developed 

resistance to these antibiotics over time. 

Therefore, the research trend has been widely 

directed towards using medicinal plants and 

herbs in animal feed as an alternative to 

synthetic antibiotics and promoters [3]. Plantago 

ovata is one of these important medicinal plants 

that can be used as feed for ruminants and 

poultry [4]. The seeds of this plant contain many 

active compounds that have benefits for animal 

health and productivity [5]. The biologically 

active compounds present in its seeds have a 

remarkable antimicrobial and antioxidant effects 

and also act as an antiparasitic in broiler 

chickens [6-9]. On the other hand, it is 

important in removing free radicals, which 

prevents meat pigments from oxidation and 

results in improving the properties and color of 

meat [4]. The composition of Plantago ovata 

seeds, rich in fatty acids, amino acids, minerals, 

vitamins and other useful elements [10], 

contributes to increasing the nutritional value of 

meat as well as its contribution to the organic 

production of meat and eggs [11]. Egg 

consumption has doubled in the past decades 

[12], resulting in a significant increase in the 

demand for laying hens. However, keeping up 

with this huge increase in consumption faces 

many challenges. Producers, for example, suffer 

from a decline in production as chickens aged, 

which leads to economic losses for the 

producers. On the other hand, the digestive 

system of laying hens is also affected, as the 

weakness of the mucosal cells in the intestinal 

walls and the shortening of the villi result in a 

decrease in the efficiency of nutrition associated 

with a decrease in the absorption of nutrients 

and a decrease in calcium and phosphorus in the 

bloodstream [13].  

In order to overcome these challenges and due 

to the great importance of Plantago Ovata seeds, 

the aim of the current study was to determine 

the best proportions added to the feed and to 

study their effect on the lipid profile and 

oxidation parameters in stored eggs. 

Materials and Methods 

This study was conducted in a field located at 

Al-Wardia area, Babylon province, for the 

period from 20/11/2023 until 10/3/2024, to 

study the effect of adding different levels of 

psyllium seed powder (Plantago ovata) to the 

feed of laying hens on the fat content and 

oxidation indicators of the eggs produced in day 

0, 15, and 30 of the storage period 105 white 

Lohmann laying hens aged 65 weeks were used 

in this experiment. Hens were prepared after 

being fully vaccinated and fed with 

experimental treatments diet) after week of 

preparation(adaptation) period  to the hall before 

the start of the experiment. Chickens were 

randomly distributed at the age of 66 weeks to 

the treatments in a hall. The hall was equipped 

with all its requirements during the breeding 

period and the flock was fed based on the diet 

shown in Table (1). The experiment included 

five treatments and each treatment included 

three replicates with (7) chickens in each 

replicate. The amount of feed consumed by the 

chicken was calculated according to what is in 

the Lohmann White Breeding Guide and the 

experiment lasted 16 weeks. Psyllium seed 

powder was mixed with the feed manually until 

the feed became completely homogeneous.  

The experiment included five treatments as 

follows: The first treatment: a control group free 
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of any additions. The second treatment: a basic 

feed with 10 g of psyllium seed powder added / 

kg of feed. The third treatment: a basic feed 

with 15 g of psyllium seed powder added / kg of 

feed. The fourth treatment: a basic feed with 20 

g of psyllium seed powder added / kg of feed. 

The fifth treatment: a basic feed with 25 g of 

psyllium seed powder added / kg of feed. The 

experiment included studying the following 

characteristics: The lipid profile in the yolk 

includes: Cholesterol in egg yolk, Triglycerides 

in the yolk, High-density lipoproteins, Low-

density lipoproteins and Very-low-density 

lipoproteins. The Estimation of oxidation 

parameters in yolk includes: Glutathione, 

Catalase enzyme, Superoxide dismutase enzyme 

and Lipid peroxide MDA. 

The lipid profile and oxidation parameters in 

yolk were measured over three storage periods 

(0, 15 and 30 days) and the experimental data 

were analyzed using a completely randomized 

design (CRD) to study the effect of the studied 

treatments on the different characteristics, and 

the averages were compared using Duncan's 

multiple range test to find significant differences 

between them [14], and the statistical program 

SAS [15] was used in the statistical analysis.  

Table 1. Feed ingredients used in the experiment   

Concentration Material 

36.5 Yellow corn (%) 

12 Wheat (%) 

12.83 Barley (%) 

25.92 Soybean (44% protein) (%) 

2.5 Protein 1 (%) 

9.25 Limestone (%) 

1.0  Vegetable oil (%) 

100 Sum. 

C                     Chemical composition 2 

2700 Energy (kilocalorie/kg feed) 

17 Crude protein (%) 

3.68 Crude fiber (%) 

4.13 Calcium (%) 

0.42 Phosphorus (%) 

0.71 Methionine + cysteine % 

0.92 Lysine (%) 

202.43 Dietary Cation-Anion Balance (mg/kg) 

0.17 Choline (%) 

0.54 Folic acid (mg/kg) 

0.73 Glycine (%) 
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1)
 Protein concentrate from the Dutch company Profimi. Each kg contains: 5.9% crude protein, 3600 representative energy 

calories/kg, 6.4% calcium, 5.7% phosphorus, 6.5% sodium, 4000 mg/kg iron, 2800 mg/kg zinc, 600 mg /kg copper, 8.35 mg 

cobalt, 60 mg/kg iodine, 10 mg/kg selenium, 5.9% methionine, 1.5% lysine 5.9% methionine with cysteine, 1200 mg/kg 

niacin, 400,000 IU vitamin A, 140,000 IU vitamin D3, 2000 mg/kg E, 100 K, 90 mg/kg vitamin B1, 160 ppb vitamin B2, 200 

mg/kg vitamin B6 and 1000 mg/kg vitamin B12. 
2) 

The analysis of the entering feed materials was used to calculate the chemical composition [16]. 

 

Results and discussion  

Table 2 shows the effect of adding psyllium 

seed powder (Plantago ovata) to the feed of 

white Lohmann laying hens on the 

concentration of cholesterol (mg/100g) and 

triglycerides (mg/100g) in the stored egg yolk, 

where it is noted that the first treatment (control) 

recorded the highest concentration for 

cholesterol in the yolk after storing the eggs for 

three different periods (0, 15 and 30 days) and 

with a significant difference (      ) from 

the second, third, fourth and fifth addition 

treatments, which recorded the lowest 

concentration of cholesterol in the egg yolk.  

 

 

 

Regarding, the concentration of triglycerides, 

the addition treatments recorded the lowest 

concentration of triglycerides in the yolk after 

storing the eggs for different periods (0, 15 and 

30 days) and with a significant difference 

(      ) from the first treatment (control), 

which recorded the highest concentration of 

triglycerides during the three storage periods, 

reaching 86.14, 95.45 and 95.23 (mg/100 g), 

respectively. 

 

 

 

1.58 Glycine + serine (%) 

0.45 Histidine (%) 

0.71 Isoleucine (%) 

1.41 Leucine (%) 

0.92 Lysine (%) 

0.42 Methionine (%) 

0.29 Cysteine (%) 

0.82 Phenylalanine (%) 

0.70 Tyrosine (%) 

1.52 Phenylalanine + Tyrosine (%) 

0.64 Threonine (%) 

0.25 Tryptophan (%) 

0.80 Valine (%) 

1.07 Arginine (%) 
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Table 2. Effect of adding psyllium seed powder (Plantago ovata) to the diet of white Lohmann laying 

hens on the concentration of cholesterol (mg/100 g) and triglycerides (mg/100 g) in the yolk after storing 

the eggs for periods (0-15-30) days (mean ± SE) 

  

*: There are significant differences between treatments at a significance level of (P≤0.05). T1: control (without addition), T2, 

T3, T4 and T5 feed with psyllium seed powder of 10, 15, 20 and 25 g/kg, respectively. 

 

Table 3 shows the effect of adding psyllium 

seed powder to the diet of white Lohmann 

laying hens on the concentration of high-density 

lipoproteins, low-density lipoproteins and very 

low-density lipoproteins (mg/100 g) in egg yolk 

after storing the eggs for periods of 0, 15 and 30 

days. As for the concentration of high-density 

lipoproteins in the first storage period of 0 days, 

the results indicate that all addition treatments 

recorded a significant improvement (      ) 

compared to the first treatment (control) which 

recorded the lowest concentration of these 

proteins, while the fifth treatment recorded the 

highest concentration. In the second (15 days) 

and third (30 days) periods after storage, the 

significant improvement (      ) continued 

in all addition treatments for the concentration 

of high-density lipoproteins compared to the 

first treatment (control), which recorded the 

lowest concentration of 57.93 and 55.80 

Triglyceride (mg/100g( Cholesterol (mg/100g) 
Treatments 

Day 30 Day 15 Day 0  Day 30 Day 15 Day 0  

95.23 a ± 2.03     95.45 a± 2.34 41.68 a 6.81±     439.33 a ± 1.99                        381.80 a ± 3.21                 381.13 a ± 1.42 
T1 (control) 

64.63 b ±1.73 81.06 b ±1.86 13.81 b ± 6.11 242.27 b ± 1.82 223.27 b ± 1.30                     228.80 b ± 1.82  T2 

48.97 c ± 4.46 61.98 c ± 3.42 51.57 c ± 1.23 238.97 b ± 3.14                      223.70 b ± 2.29                        215.10 c ± 1.72                T3 

39.27 d ± 2.37 53.45 cd ± 6.72 34.64 d ± 1.86 222.23 c ± 1.94  221.93 b ±6.51                           187.80 d ± 3.78                    T5 

42.80 cd ±3.02 49.26 d ± 1.12 64.66 d ± 1.16 224.77 c ± 4.95                     208.83 c ± 2.05                       181.40 d ± 6.33                    T5 

* * * * * * Significant level 
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(mg/100 g), respectively, while the fourth and 

fifth treatments recorded the highest 

concentration of these proteins in the above two 

periods, followed by the second and third 

treatments. As for low-density lipoproteins, it is 

noted from the results of the statistical analysis 

that the first treatment (control) recorded the 

highest concentration of low-density 

lipoproteins after storing eggs for the periods 0, 

15 and 30 days, reaching 299.80, 304.78 and 

364.48 (mg/100g), respectively, with a 

significant difference (      ) from the 

addition treatments, which recorded the lowest 

concentrations of low-density lipoproteins. 

Regarding the very low density lipoproteins, the 

addition treatments recorded the lowest 

concentration of these proteins with a significant 

difference (      ) from the first treatment 

(control) which recorded the highest 

concentration of very low density lipoproteins 

during the three storage periods 0, 15 and 30 

days and reached 17.22, 19.08 and 19.05 

(mg/100g) respectively. 
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Table 3. Effect of adding psyllium seed powder (Plantago ovata) to the feed of white Lohmann laying hens on the concentration of 

high density lipoproteins, low density lipoproteins and very low density lipoproteins (mg/100g) in the yolk after storing the eggs for 

the periods (0-15-30) days (mean ± standard error) 

 

 

*: There are significant differences between treatments at a significance level of (P≤0.05). T1: control (without addition), T2, T3, T4 

and T5 feed with psyllium seed powder of 10, 15, 20 and 25 g/kg, respectively.

very low-density lipoproteins (VLDL) 

(mg/100g) 
low-density lipoproteins (LDL) (mg/100g) High-density lipoprotein (HDL) (mg/100g) 

Treatments 

Day 30 Day 15 Day 0  Day 30 Day 15 Day 0  Day 30 Day 15 Day 0  

19.05a± 0.41  19.08a ± 0.47  17.22a ± 0.40  364.48a ± 2.09      304.78a ± 5.63       299.80a ± 2.65      55.80c ±1.42        57.93c ± 1.35  64.10 b± 6.36  
T1 

(control) 

12.93b ± 0.35        16.21b ± 0.77  12.69b ± 0.14   163.77b ± 2.47    138.96b  ± 1.83  140.27b ± 2.59     1.19b ± 65.57     68.10b ±   0.65 75.84c ± 1.49  T2 

9.79c ± 0.89   12.39c ± 0.68       10.31c ± 0.12   162.56b ±0.92      133.20b ± 3.11      122.67c ±  6.38 2.17b ± 66.62      78.10 a ± 3.76      82.11bc ± 4.79 T3 

7.85d ± 0.47        10.69cd ± 0.54   7.63d ± 0.71        138.48c ± 2.46   129.87b ± 6.04      95.14d ± 3.63        1.71a ± 75.90    81.37a± 0.55 85.02 ab± 3.14   T4 

8.56cd ± 0.20        9.85d ± 0.22              5.62e ± 0.86   140.84c ± 5.73    115.75c ± 2.24    83.10d ± 9.42      2.04a ± 75.37      83.23a ± 0.54    92.68 a± 3.35  T5 

* * * * * * * * * 
Significant 

level 
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Adding flavonoids to the poultry diet 

improves the fat content of eggs by reducing 

cholesterol and triglyceride levels [17]. 

Flavonoids present in psyllium seeds reduce 

the total carbohydrate and glucose content 

by inhibiting the glycosidic bonds of sugar 

molecules that are involved in the synthesis 

of cholesterol, which affects the conversion 

of Acetyl CoA to cholesterol in the liver 

[18]. Since cholesterol is involved in the 

synthesis of sex hormones, increasing the 

concentration of estrogen can reduce the 

level of cholesterol in the blood, which may 

affect the supply of cholesterol for the 

synthesis of egg yolk [19]. The significant 

improvement in the lipid profile in the 

addition treatments compared to the control 

treatment by reducing the concentration of 

cholesterol, triglycerides, low-density 

lipoproteins, and very low-density 

lipoproteins and increasing the concentration 

of high-density lipoproteins may be 

attributed to the presence of vitamin C in 

psyllium seeds [20], which plays a 

fundamental role in the metabolism of acids, 

in addition to its effectiveness in stabilizing 

fats and protecting them from oxidation and 

rancidity, and also contributes to preventing 

the oxidation of lipoproteins [21]. Or the 

reason for the improvement in the fat profile 

in egg yolk in psyllium seed treatments may 

be due to its content of omega-3 and 6 acids 

[22], which work to reduce the deposition of 

fat in the yolk by increasing the metabolism 

of fats inside the liver and consuming them 

for energy instead of depositing them inside 

the chicken body, which in turn works to 

reduce the concentration of fats in the yolk, 

which leads to an improvement in the 

physiological condition [23]. 

The results of the statistical analysis in Table 

4 indicated the effect of adding psyllium 

seed powder (Plantago ovata) to the feed of 

white Lohmann laying hens on the oxidation 

parameters of glutathione concentration, 

catalase enzyme, superoxide dismutase 

enzyme, and malondialdehyde concentration 

Aldehyde (micromoles/mol) in the yolk after 

storing eggs for periods 0, 15 and 30 days 

(mean ± standard error). The results of the 

study on the concentration of glutathione 

during the first period of storage (0 days) 

showed a significant improvement (  

    ) for the second, third, fourth and fifth 

addition treatments compared to the first 

treatment (control) which recorded the 

lowest concentration of glutathione reaching 

26.50 (micromoles/mol), while in the second 

period of storage (15 days), all addition 

treatments continued to enhance with a 

significant improvement (      ) in the 

concentration of glutathione where the 

fourth and fifth treatments recorded the 

highest concentration of glutathione reaching 

50.80 and 51.77 (micromoles/mol) 

respectively followed by the second and 

third treatments, while the first treatment 

(control) recorded the lowest concentration 

reaching 20.32 (micromoles/mol). Regarding 

the third storage period (30 days), all 

addition treatments were significantly 

superior (      ) compared to the first 

treatment (control) which recorded the 

lowest concentration of glutathione reaching 

13.40 (micromol/mol), while the fourth and 

fifth treatments recorded the highest 

concentration reaching 49.00 and 45.37 
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(micromol/mol), respectively. Considering 

the concentration of the catalase enzyme in 

egg yolk, it is noted that in the first storage 

period (0 days), all addition treatments 

recorded a significant improvement (  

    ) compared to the first treatment 

(control), as the fourth and fifth treatments 

recorded the highest concentration of this 

enzyme, while the first treatment (control) 

recorded the lowest concentration of it 

reaching 31.73 (micromol/mol). In the 

second (15 days) and third (30 days) storage 

periods, the significant improvement in the 

concentration of the catalase enzyme 

continued for all addition treatments. 

Compared to the first treatment (control), 

which also recorded the lowest concentration 

of this enzyme during these two periods. The 

results of the concentration of the enzyme 

superoxide dismutase in egg yolk in the first 

period (0 days) of storage indicate that the 

second, third, fourth and fifth addition 

treatments recorded a significant 

improvement (      ) compared to the 

first treatment (control), as the fifth 

treatment recorded the highest concentration 

of the enzyme, reaching 71.68 

micromol/mol, while the first treatment 

(control) recorded the lowest concentration 

of this enzyme, reaching 39.72 

micromol/mol. On the other hand, in the 

second and third periods (15 and 30 days) of 

storage, there was a significant superiority 

(      ) for all addition treatments, as the 

fourth and fifth treatments recorded the 

highest enzyme concentration, followed by 

the second and third treatments. The first 

treatment (control) recorded the lowest 

concentration, reaching 31.42 and 27.03 

(micromol/mol) during these two periods, 

respectively. While the results of the 

statistical analysis in the same table for the 

concentration of malondialdehyde in egg 

yolk showed that the first treatment (control) 

recorded the highest concentration of the 

compound in the three storage periods (0, 15 

and 30 days) with a significant difference 

(      ) from all addition treatments 

amounting to 0.036, 0.059 and 0.066 

(micromol/mol) respectively, while the fifth 

treatment recorded the lowest concentration 

of malondialdehyde during these periods 

amounting to 0.021, 0.020 and 0.027 

(micromol/mol) respectively. 
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Table 4. Effect of adding psyllium (Plantago ovata) seed powder to the diet of white Lohmann laying hens on the oxidation parameters 

of glutathione concentration, catalase enzyme, superoxide dismutase enzyme, and malondialdehyde concentration in the yolk after 

storing the eggs for periods (0-15-30) days (mean ± standard error) 

*: There are significant differences between treatments at a significance level of (P≤0.05). T1: control (without addition), T2, T3, T4 and T5 feed with psyllium 

seed powder of 10, 15, 20 and 25 g/kg, respectively.

malondialdehyde in egg yolk 

(µmol/mol) 

superoxide dismutase in egg 

yolk  (µmol/mol) 

Catalase enzyme in egg yolk 

(µmol/mol) 

Glutathione in egg yolk 

(µmol/mol) Treatments 
Day 30 Day 15  Day 0 Day 30  Day 15  Day 0 Day 30 Day 15  Day 0 Day 30 Day 15  Day 0 

0.066
a 

0.059
a 

0.036
a 

27.03
e 

31.42
d 

39.72
d 

25.00
c 

26.40
e 

31.73
c 

13.40
c 

20.32
d 

26.50 
c  

± ± ± ± ± ± ± ± ± ± ± ± T1  

0.001 0.002 0.004 1.02 1.55 2.13 0.93 1.81 0.64 0.84 1.20 1.25 (control) 

0.053
b 

0.044
b 

0.026
b 

36.47
d 

44.16
c 

52.95
c 

40.80
b 

41.27
d 

57.83
b 

28.87
b 

27.81
c 

35.97
b  

± ± ± ± ± ± ± ± ± ± ± ± T2 

0.003 0.001 0.002 0.90 2.01 0.80 4.21 0.45 0.86 1.41 2.02 1.41  

0.036
c 

0.030
c 

0.027
b 

45.70
c 

53.32
b 

59.75
b 

48.63
b 

48.63
c 

62.97
b 

33.03
b 

41.44
b 

41.21
b  

± ± ± ± ± ± ± ± ± ± ± ± T3 

0.001 0.002 0.002 0.55 5.17 2.64 4.21 0.72 4.80 4.75 0.54 1.73  

0.030
cd 

0.022
d 

0.024
b 

53.30
b 

66.57
a 

64.65
b 

59.27
a 

62.73
b 

79.73
a 

49.00
a 

50.80
a 

61.18
a  

± ± ± ± ± ± ± ± ± ± ± ± T4 

0.001 0.003 0.001 1.80 0.57 2.36 2.23 0.64 2.37 1.86 1.09 1.51  

0.027
d 

0.020
d 

0.021
b 

58.47
a 

66.27
a 

71.68
a 

66.37
a 

70.63
a 

80.50
a 

45.37
a 

51.77
a 

65.47
a  

± ± ± ± ± ± ± ± ± ± ± ± T5 

0.004 0.001 0.001 2.57 1.43 0.55 1.51 4.02 2.76 2.34 3.72 2.25  

* * * * * * * * * * * * 
Significant 

level 
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The reason for the improvement in the 

psyllium seed treatments in the 

concentration of glutathione, superoxide 

dismutase and catalase, which are major 

antioxidants that protect cells from reactive 

oxygen species, as each enzyme plays an 

integral role in adjusting the redox balance 

[24]. The decrease in the concentrations of 

these antioxidants and the increase in the 

concentration of malondialdehyde in the egg 

yolk of the first treatment (control) during 

the three storage periods and the increase in 

the concentration of these antioxidants and 

the decrease in the concentration of 

malondialdehyde in all addition treatments 

may be due to the seeds containing many 

active compounds that act as natural 

antioxidants that support the oxidation 

system within the body. The most important 

of these compounds are flavonoids, phenols 

and sugars, as phenolic compounds work to 

reduce cellular oxidative stress by inhibiting 

the action of free radicals and thus restricting 

their action in damaging cell membranes, in 

addition to enhancing the oxidation system  

and that the unsaturated fatty acids in the egg 

yolk are exposed to fat oxidation due to the 

length of the chain during storage period and 

high ambient temperature [25], and in order 

to delay the oxidation of fats in poultry 

products, the chicken diet should be 

supplemented with natural antioxidant 

compounds [26] and that fat oxidation is the 

main mechanism for the decrease in egg 

yolk fat [27] as the biomarker of fat 

oxidation is malondialdehyde, which is the 

most effective measure of oxidative stress, 

and its increase is generally considered a 

pathological condition, so stress indicators 

should be reduced by consuming foods 

containing natural antioxidants [28]. The 

phenolic compounds work to restrict and 

inhibit the malondialdehyde compound and 

form more stable compounds [29] as fat 

oxidation can lead to increased production 

and accumulation of free radicals or reactive 

oxygen species directly or by reducing the 

cell's ability to eliminate reactive oxygen 

species, which causes oxidative stress in 

cells [30]. Or perhaps the reason for the 

improvement in the concentrations of the 

studied antioxidants is due to the role of 

vitamin E found in psyllium seeds [31, 32, 

33], as when the concentrations of 

antioxidants decrease, lipid peroxidation 

increases in tissues and plasma, leading to 

damage to cell membranes, and vitamin E is 

the main fat-soluble antioxidant that breaks 

the chain of lipid peroxidation reactions, and 

through its activity in quenching free 

radicals, it breaks the spread of the chain and 

thus ends the attack of free radicals at an 

early stage, and such an effect of vitamin E 

on polyunsaturated fatty acids of biofilms. 

The presence of vitamin E in the diet of 

laying hens through its presence in psyllium 

seeds leads to enhancing the antioxidant 

capacity in eggs [34, 35,36,37]. 

 

Conclusions 

Adding different levels of psyllium seed 

powder as a natural antioxidant to the diet of 

laying hens improved the lipid profile, 

glutathione, catalase and superoxide 

dismutase concentrations, reduced the level 

of malondialdehyde in the yolk and 

protected it from oxidation after storing the 

eggs for three different periods of time. 
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