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Abstract Optimal use of edible plants such as milk thistle (Silybum marianum) 

as a supplement and for enrichment of the diet to help improve performance and 
health is a low-risk and acceptable strategy in poultry nutrition, since these herbal 
plants contain bioactive compounds that can improve animal performance. The 
present study examined the potential benefits of this strategy for broiler chickens. 
After analyzing the nutrient and micronutrient composition of the supplement, the 
experiments were conducted as a completely randomized design including three 
milk thistle inclusions at levels of 0, 1.5 and 3%, each treatment containing 5 
replicates of 10 birds each. Performance data from 1 to 11 days and from 22 to 
42 days of age showed that the lowest and best conversion rate at 1.5% dietary 
level (P<0.05). Significant improvements from milk thistle feeding were detected 
in blood biochemical and antioxidant status for glucose, cholesterol, high-density 
lipoprotein (HDL), low-density lipoprotein (LDL), atherogenic index, triglycerides, 
albumin, protein, phosphorus, iron, alanine aminotransferase (ALT), aspartate 
transaminase (AST), malondialdehyde (MDA), and total antioxidant capacity 
(TAC). Overall, the results showed that milk thistle feeding was effective in 
improving blood and meat health status while increasing the performance with 
the potential to be commercially effective in functional poultry diets. This study 
demonstrated that the optimum levels of dietary Silybum marianum may create 
constructive effects on performance, health and meat quality for broiler farmers. 

Keywords: antioxidant index, broiler chickens, meat smell, milk thistle 

    

Introduction 
al., 2023).  

Milk thistle, (Silybum marianum), has attracted the  The bans and restrictions on the use of antibiotics as   
attention of livestock researchers owing to its valuable  growth promoters in animals destined for food and the   
chemical and bioactive compounds (Seidavi et al., 2023).  parallel increase in demand for healthy food in a welfare-  
With its beneficial effects on livestock health and the  conscious society have created conditions where, alongside   
possibility of cultivation at variable temperate and in dry  probiotics, prebiotics, organic acids, antioxidants and feed   
climates with minimal water and soil requirements and  enzymes, various supplements of plant origin, so-called   
tolerance to environmental stresses, Silybum marianum  phytobiotics, have attracted more attention (Zhang et al.,   
can have good potential for commercial use (Seidavi et  2020). Currently, milk thistle (Silybum marianum) is  
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increasingly popular in animal nutrition (Stastnik et al., 
2020). Milk thistle seeds have a variable protein content 
(16-30%) containing a high percentage of amino acids 
(32.60%) as quantified by an essential amino acid index 
(Janocha et al., 2021). The crude fat from milk thistle 
seeds has a beneficial combination of fatty acids 
predominantly oleic and linoleic acids (Janocha et al., 
2021). The high content of cellulose and lignin in the diet 
of monogastric animals has always been a limitation in 
its consumption. The main biologically active component 
of milk thistle seeds is silymarin (1.5-3%). Silymarin is 
composed of flavonolignans consisting of: silibinin 
(60%), isosilibinin (5%), silidianin (20%) and silicristin 
(10%) as reported by Feshanghchi et al., (2022). 
Silymarin completely protects the liver against toxic 
agents and helps in its regeneration (Alhidary et al., 
2017). In addition, it has an anti-inflammatory effect and 
prevents neutrophil migration and enhances the 
formation of prostaglandins (Fanoudi et al., 2020). Due 
to its medicinal properties, silymarin is recommended by 
veterinarians as a natural medicine to increase livestock 
production (Gharahveysi, 2018). Therefore, optimization 
of the milk thistle production is necessary in order to 
achieve food security, sustainable economy and 
production of valuable products in crisis conditions 
(Zaker-Esteghamati et al., 2020). Shahsavan (2025) 
believes the use of Silybum marianum can improve 
muscle metabolism in broiler chickens through the 
mitochondrial network and subsequently increase ATP 
synthesis in the gut-liver-muscle axis as well as 
enhancing the modulatory activities of immune cells and 
the colonization of beneficial intestinal bacteria. A review 
of the scientific literature shows that milk thistle seeds 
contain valuable nutrients that can stimulate appetite 
and improve the intestinal environment in parallel. In 
addition, many studies have reported that milk thistle 
seed supplementation significantly improves production 
performance, carcass yield, and digestibility in growing 
broilers, quails, and rabbits (Attia et al., 2022). The use 
of additives and plant sources to reduce stress in broiler 
chickens is currently receiving special attention in 
applied research (Feshanghchi et al., 2022; 
Hosseintabar-Ghasemabad et al., 2024). At the same 
time, many studies have confirmed the hepatoprotective 
properties of milk thistle: inhibiting lipid peroxidation, 
stabilizing membrane permeability, reducing apoptosis in 
liver cells and limiting leakage of liver enzymes. The 
strong antioxidant properties of silymarin have led to the 
protection of cells from oxidative stress by eliminating 
reactive oxygen species and inhibiting lipid peroxidation. 
Also, milk thistle extract acts as a free radical scavenger 
and can increase glutathione peroxidase activity in the 
brain and kidneys (Fathi et al., 2025). Milk thistle 
supplementation as powder showed improvements in 
hematological parameters such as hemoglobin level, 
leukocyte count and compact cell volume for poultry 
exposed to ochratoxin A (Eid et al., 2022). The beneficial 
effects of milk thistle on strengthening and modulating 
animal immunity, reducing oxidative stress, and  

 

improving performance and reproduction have made this 
plant a valuable candidate for herbal (phytogenic) 
supplementation in functional poultry diets, including the 
broilers (Attia et al., 2022). Morovat et al. (2016) 
indicated that dietary feeding of Silybium marianum 
extract to broilers under heat stress conditions resulted 
in an improvement in performance, immunity and 
carcass characteristics and a decrease of the adverse 
effects of higher temperatures, specifically in reducing 
blood fat reduction. Therefore, our aim was to investigate 
the effects of milk thistle (Silybum marianum) feeding on 
production performance, carcass characteristics, 
biochemical parameters and blood antioxidant status, 
immune system, sensory and taste traits and fatty acid 
profile of meat in broiler chickens. 

Materials and methods 

All management, breeding, sampling and laboratory 
procedures were carried out in accordance with the 
Welfare Guidelines of the Laboratory Animal Ethics 
Committee of Islamic Azad University, Rasht Branch, 
Iran, ethics code IR.IAU.RASHT.REC.1402.020. 

Test ingredients and diets 

Silybum marianum (SM) was obtained in the form of 
powdered grain from the Darvash Giah Khazar medicinal 
herbs complex company Ltd (Rasht- Guilan -Iran) and 
composition analysis was performed in the food-drug 
approved laboratories Viromed (Iran-Guilan-Rasht) and 
Tekno Azma (Tehran- Iran) based on the Institute of 
Standards and Industrial Research of Iran ISIRI (Table 
1). 

Biological experiments were carried out using 150 
Ross 308 male broiler chickens of similar average weight 
(41±1 g) housed in cages (1.2 m × 1.5 m × 2 m) at the 
Maaf Research and Development Farm of Sepid Makian 
Company (Somehsara- Guilan- Iran). Three treatments 
were applied in a completely randomized design using 5 
replicates and 10 birds per replicate, during 42 days of 
rearing. The treatments comprised of 0 (control), 1.5 and 
3% Silybum marianum in the diet as DM. Light, 
temperature, ventilation and vaccination managements 
were based on the recommendations in the breeder’s 
guide catalog. Birds had free access to the diet and 
drinking water. The diets were formulated using the 
Amino Feed 5.0 software from Evonik, based on corn 
and soybean meal (Table 2). The apparent 
metabolizable energy contents of the Silybum marianum 
seeds were calculated with correction to zero nitrogen 
balance (AMEn) values, based on the equation 
proposed by the World Poultry Science Association 
(WPSA) as AMEn (kcal/kg DM) = 15.51 (Crude Protein 
%) + 34.31 (Ether Extract %) + 16.51 (Starch %) + 13.01 
(Sugar %). 
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Table 1. Analysis of Silybum marianum grain components 
Items Value Standard method (ISIR1) 

Dry matter (%) 94.69 8438 
Ether extract (%) 21.66 10700 
Crude protein (%) 17.25 10703-1 
Ash 5.95 11143 
Sugar (%) 2.12 In House 
Starch (%) 1.36 In House 
Carbohydrate (%) 25.04 In House 
Crude fiber (%) 32.80 3105 
NDF2 (%) 47.70 8917 
ADF3 (%) 25.70 8917 
NFE4 (%) 22.34 NFE (%) = 100 – (Crude protein + Crude fat + Crude fiber + Ash) 
NFC5 (%) 7.44 NFC (%) = 100 – (Crude protein + Crude fat + NDF + Ash) 
Gross energy (%) 3005.60 In House 
Phosphorus (%) 0.41 513 
Calcium (%) 0.61 10701-1 
Iron (%) 102.00 15759 
Magnesium (%) 0.30 15759 
Zinc (mg/kg) 40.10 15759 
Vitamin A (mg/kg) 0.10 HPLC 
Vitamin D3 (mg/kg) 0.40 HPLC 
Vitamin K3 (mg/kg) <1.00 HPLC 
Vitamin B1 (mg/kg) <1.00 HPLC 
Vitamin B2 (mg/kg) 94.80 HPLC 
Vitamin B3 (mg/kg) 202.50 HPLC 
Vitamin B6 (mg/kg) 36.30 HPLC 
Vitamin B7 (mg/kg) <1.00 HPLC 
Vitamin B12 (mg/kg) <5.00 HPLC 
Taurine (g/100) <0.20 13903 
Cysteine (g/100) <0.05 13903 
Aspartic acid (g/100) 0.80 13903 
Glutamic acid (g/100) 1.50 13903 
Serine (g/100) 0.40 13903 
Histidine (g/100) 0.10 13903 
Glycine (g/100) 0.30 13903 
Threonine (g/100) 0.30 13903 
Arginine (g/100) 0.50 13903 
Alanine (g/100) 030 13903 
Tyrosine (g/100) 0.30 13903 
Methionine (g/100) 0.20 13903 
Valine (g/100) 0.10 13903 
Isoleucine (g/100) 0.20 13903 
Leucine (g/100) 0.30 13903 
Lysine (g/100) 0.10 13903 
Tryptophan (g/100) <0..10 13903 
Proline (g/100) 0.30 13903 
Phenylalanine 2.40 13903 
C12:0 (%) 0.02 13126-1-2 
C14:0 (%) 0.12 13126-1-2 
C16:0 (%) 7.69 13126-1-2 
C16:1 (%) 0.13 13126-1-2 
C17:0 (%) 0.10 13126-1-2 
C17:1 (%) 0.06 13126-1-2 
C18:0 (%) 5.20 13126-1-2 
C18:1c (%) 22.81 13126-1-2 
C18:2c (%) 56.80 13126-1-2 
C18:3c (%) 2.94 13126-1-2 
C22:1 (%) 2.21 13126-1-2 
C24:0 (%) 0.55 13126-1-2 
Total sterols (mg/kg) 1581.65 9760 
Alpha-tocopherol (ppm) 109.39 9760 
Delta-tocopherol (ppm) 5.07 9760 
Total tocopherol (ppm) 114.46 9760 
Campesterol (%) 7.60 9760 
Cholesterol (%) 1.73 9760 
Stigma sterol (%) 7.33 9760 
Beta-sitosterol (%) 67.60 9760 
Delta-5-avena sterol (%) 5.44 9760 
Delta-7- avena sterol (%) 5.95 9760 
Delta-7-stigma stanol (%) 4.28 9760 
Moisture and volatile matter (%) 5.31 9760 
Total styrene (mg/kg) 0.04 9710 
Refractive index  1.466 5108 
Soap number 193.06 10501 
Iodine value  133.50 4888 
Acid value  9.58 In house 
Peroxide vale 1.81 4179 
1Institute of standards and industrial research of Iran, 2 Neutral-detergent fiber, 3 Acid-detergent fiber, 4 Nitrogen-free extract, 5 Non-fiber 
carbohydrates. 
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Sampling 

Feed intake, body weight and feed conversion ratio 
(FCR) were measured during three rearing periods: 
starter (1-11 d), grower (12-21 d) and finisher (22-42 d). 
At the end of each period and after four hours of 
starvation, two birds from each replicate with an average 
weight close to the average weight of the chicks in the 
replicate were randomly selected, weighed and 
slaughtered, and the weights of the defeathered carcass, 
eviscerated carcass, breast, thigh, abdominal fat, 
gizzard, heart, crop, liver, pancreas, spleen and the 
Bursa of Fabricius were measured on a scale with an 
accuracy of 0.001 g. 

 

 

On days 28 and 36 of rearing, 0.2 mL of a suspension 
of sheep red blood cells (SRBC) at 5% dilution was 
injected into the pectoral muscle. Seven days after the 
SRBC injections, on days 35 and 42, two birds from each 
replicate were selected and blood samples collected 
from the wing vein in 3-mL sterile syringes without 
coagulant agent in order to quantify the levels of 
antibodies against SRBC by hemagglutination tests and 
hence measure the Newcastle disease (NDV) and 
influenza (AIV) titers (Akbari et al., 2025). Blood samples 
(5-mL) from the brachial veins were collected in sterile 
syringes without coagulant using three birds in each 
replicate and centrifuged at 1500-g for 3 min to separate 
serum. 

Table 2. Starter, grower and finisher ingredients and nutrient compositions 

Items  Starter (1-11 d)  Grower (12-21 d)  Finisher (22-42 d) 

Ingredients (%)  T1 T2 T3  T1 T2 T3  T1 T2 T3 

Corn  54.11 52.23 50.44  61.25 59.73 57.94  67.45 65.67 63.88 
SM1  0.00 1.50 3.00  0.00 1.50 3.00  0.00 1.50 3.00 
Soybean meal 44%  40.45 40.56 40.67  33.49 33.60 33.70  27.48 27.59 27.69 
Vegetable oil  1.48 1.74 1.96  1.38 1.60 1.82  1.89 2.11 2.33 
Lysine hydrochloride  0.21 0.21 0.21  0.21 0.21 0.21  0.20 0.20 0.20 
Methionine  0.35 0.35 0.34  0.28 0.28 0.28  0.23 0.22 0.22 
Valine  0.04 0.04 0.04  0.02 0.03 0.03  0.01 0.01 0.02 
Threonine  0.11 0.11 0.11  0.09 0.09 0.09  0.07 0.07 0.07 
Calcium carbonate  1.19 1.16 1.14  1.07 1.04 1.02  0.92 0.90 0.88 
Vit and min premix2  0.50 0.50 0.50  0.50 0.50 0.50  0.50 0.50 0.50 
Choline chloride  0.01 0.05 0.04  0.07 0.06 0.09  0.07 0.06 0.06 
Monocalcium 
phosphate 

 1.10 1.10 1.09  0.91 0.91 0.90  0.69 0.69 0.68 

Sodium chloride  0.21 0.20 0.20  0.19 0.19 0.20  0.19 0.19 0.20 
Sodium bicarbonate  0.24 0.25 0.25  0.27 0.27 0.25  0.27 0.26 0.26 
Phytase  0.005 0.005 0.005  0.005 0.005 0.005  0.005 0.005 0.005 

Calculated nutrient compositions (%) 

ME (kcal/kg)3  2857 2857 2857  2933 2933 2933  3038 3038 3038 
Crude protein  22.72 22.89 23.07  20.08 20.25 20.42  17.76 17.93 18.10 
Lysine  1.24 1.25 1.25  1.10 1.10 1.10  0.96 0.96 0.96 
Met + Cys4  0.93 0.93 0.93  0.81 0.81 0.81  0.71 0.71 0.71 
Arginine  1.39 1.39 1.40  1.20 1.21 1.21  1.04 1.04 1.05 
Threonine  0.83 0.83 0.83  0.72 0.72 0.72  0.65 0.63 0.63 
Isoleucine  0.96 0.85 0.85  0.75 0.75 0.75  0.65 0.65 0.65 
Valine  0.94 0.96 0.96  0.85 0.85 0.85  0.74 0.74 0.74 
Tryptophan  0.25 0.24 0.24  0.21 0.21 0.21  0.18 0.18 0.18 
Calcium  0.95 0.94 0.94  0.85 0.85 0.85  0.74 0.74 0.74 
Sodium  0.16 0.16 0.16  0.16 0.16 0.16  0.16 0.16 0.16 
Potassium  1.00 1.03 1.05  0.88 0.91 0.93  0.78 0.80 0.83 
Chlorine  0.21 0.21 0.21  0.21 0.21 0.21  0.21 0.21 0.21 
Available phosphorus5  0.47 0.47 0.47  0.42 0.42 0.42  0.37 0.37 0.37 
Choline (g/kg)  1.47 1.69 1.69  1.60 1.60 1.60  1.48 1.47 1.47 
Linoleic acid  1.99 2.23 2.47  2.02 2.25 2.49  2.33 2.67 3.00 
Ether extract  4.16 4.67 5.14  4.22 4.70 5.17  4.85 2.57 2.81 
Ash  6.13 6.18 6.22  5.47 5.51 5.56  4.79 4.83 4.88 
Starch  34.53 33.38 33.24  39.22 38.10 36.99  42.95 41.84 40.72 
Crude fiber  3.10 3.54 4.00  2.94 3.40 3.13  2.81 2.90 3.72 
NDF  9.65 10.19 10.73  9.70 10.25 10.79  9.70 10.24 10.79 
ADF  4.18 4.51 4.85  3.98 4.31 4.65  3.79 3.26 4.46 
DCAB6 (mEq/kg)  267 273 279  237 243 249  210 216 222 

T1: 0% Silybum marianum or control group, T2: 1.5% Silybum marianum and T3: 3% Silybum marianum 
1Silybum marianum, 2The values of vitamins and minerals per kg in the assay diets: Vitamin A, 9000 IU; vitamin E, 18 IU; vitamin 
D3, 3000 IU; vitamin K3, 3 mg; vitamin B1 (thiamine), 1.8 mg; vitamin B2 (riboflavin), 6 mg; vitamin B3 (niacin), 30 mg; vitamin B6 

(pirodoxine), 3 mg; vitamin B5 (pantothenic acid), 10 mg; vitamin B9 (folic acid), 1 mg; vitamin B12 (cobalamin), 0.012 mg; vitamin 
H3, 0.24mg; 500 mg; Choline,100 mg; Mn, 100 mg; Zinc, 80 mg; Iron, 10 mg; Cu, 1 mg, 3ME: Metabolizable energy, 4Methionine + 
cysteine, 5Av. phosphorus: Available phosphorus, 6Dietary cation-anion balance. 
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Biochemical assays 

Commercial kits from Pars Azmoun Company (Iran) 
were used to measure serum biochemical parameters. 
To ensure the reliability of these methods for application 
in chickens, the assay validation parameters were 
verified. The specific kits used included Glucose (Cat. 
No. 1-050/500), Triglycerides (Cat. No. 1-060/500), 
Cholesterol (Cat. No. 1-070/500), HDL-C (Cat. No. 1-
080/500), LDL-C (Cat. No. 1-090/500), Total Protein 
(Cat. No. 1-010/500), Albumin (Cat. No. 1-020/500), Uric 
Acid (Cat. No. 1-040/500), Calcium (Cat. No. 1-100/500), 
Iron (Cat. No. 1-110/500), Aspartate Transaminase 
(AST; Cat. No. 1-130/500), Alanine Aminotransferase 
(ALT; Cat. No. 1-140/500), and Phosphorus (Cat. No. 1-
120/500). Additionally, Total Antioxidant Capacity (TAC; 
Cat. No. TAC-2500) and Malondialdehyde (MDA; Cat. 
No. MDA-2500) were measured using colorimetric 
methods. 

The analytical performance of these kits was 
confirmed by the determination of intra-assay and inter-
assay coefficients of variation (CVs). The intra-assay 
CVs (repeatability) were determined by running 10 
replicates of the same chicken serum sample in a single 
run. The inter-assay CVs (reproducibility) were 
determined by assaying the same control sample across 
five different days. All measurements were performed 
using an auto-analyzer (Alpha Classic AT-Plus, Iran) at 
Viromed Laboratory (Rasht-Guilan- Iran) according to 
the manufacturer's instructions. The atherogenic index 
(LDL to HDL ratio) was also calculated. 

Meat quality and sensory evaluation 

Samples of the breast meat from each replicate (each 
experimental unit) were cooked without spices in order 
to evaluate the aroma, taste, odor, crispness, color and 
overall desirability. This was done by six panels of 
evaluators (food testers) using a questionnaire soliciting 
scores from 1 to 10, to report each of the sensory and 
taste characteristics of the meat (Azizi et al., 2021; 
Samadian et al., 2024). The evaluators were men and 
women between 20-46 years old. 

For evaluating the fatty acid profile content of the 
breast meat, the fatty acid values, omega-6 to omega-3 
ratio, atherogenic index (AI) {AI= (4 × C14:0) + 
C16:0/(ΣMUFA + ΣPUFA – ω-6 + ΣPUFA – ω-3)}, 
thrombogenic index (TI) {TI = (C14:0 + C16:0 + 
C18:0)/0.5 × ΣMUFA + 0.5 × Σ (ω-6) + 3 × Σ(ω-3) + Σ(ω-
3)/Σ(ω-6)}, hypocholesterolemic index (HI) {HI = (C18:1 
+ C18:2 + C18:3 + C20:3 + C20:4 + C20:5 + C22:4 + 
C22:6)/(C14:0 + C16)} and hypocholesterolemic to 
hypercholesterolemic ratio { 
Hypocholesterolemic/Hypercholesterolemic index = 
[(C18:1 ω-9 + C18:1 ω-7 + C18:2 ω-6 + C18:3 ω-6 + 
C18:3 ω-3 + C20:3 ω-6 + C20:4 ω-6 + C20:5 ω-3 + 
C22:4 ω-6 + C22:5 ω-3 + C22:6 ω-3)/(C14:0 + C16:0)]} 
were reported (Attia et al., 2022). 

Statistical analysis 

Feeding Silybum marianum to broilers 

Data were collated in the Excel software, and statistical 
analysis was performed using the SAS 9.3 software. 
Comparisons of the treatment means were performed 
using the Duncan's multiple range test at 5% significance 
level. Normality tests were performed by Shapiro-Wilk 
test; all data were normally distributed. In addition, linear 
and nonlinear equations were prepared from quadratic, 
linear, and orthogonal equations, and the turning point of 
quadratic equations was reported in the "Solver" add-in 
of Excel software. 

Results 

The performance data for 1-11 days of age showed that 
the 1.5% SM group had a higher FCR (P<0.05) 
compared to the control or 3% SM groups (Table 3). 
Also, the quadratic equation for FCR was significant and 
followed the relationship y = -0.015x2 + 0.046x + 0.962 
with a turning point of 1.53, which indicates that the 
prediction of the equation when using 1.53% SM would 
result in the highest (worst) FCR. The data on 12-21 
days of age showed no significant differences in feed 
intake, body weight, and FCR between treatments; 
however, body weight was affected by SM feeding 
(P<0.05). The quadratic equation for body weight was 
significant and followed the relationship y = -16.044x2 + 
56.067x + 473.4 with a turning point of 1.75, which 
indicates that the prediction of the equation when using 
1.75% SM resulted in the highest body weight at this 
age. 

At 22 to 42 days of age, FCR was higher in the 1.5% 
SM group compared to the control and 3% SM groups 
(P<0.05). The quadratic equation for FCR was significant 
and followed the relationship y = -0.0289x2 + 0.09x + 1.5 
with a turning point of 1.53, which indicates that the 
prediction of the equation when using 1.53% SM will 
result the highest FCR. 

Body weight gain and FCR at 42 days of age were 
not influenced by the treatments; the quadratic equation 
for FCR between treatments was y = -0.0188x2 + 
0.0575x + 1.491 with a turning point of 1.53.  

The carcass relative weight was not affected by the 
treatments (Table 4). The relative weight of the heart was 
significantly lower (P<0.05) for the control treatment than 
for either of the SM-fed groups. The equation y= -
0.0229x2 + 0.0794x + 0.396 showed the best relative 
weight of the heart at a turning point of 1.73. There was 
no significant difference between the experimental 
treatments in the indices of the organs related to immune 
system (Table 4).  

The analysis of blood parameters (Table 5) revealed 
significant treatment effects (P<0.01) for all measured 
traits except uric acid and blood calcium. A contrast 
analysis comparing the control group to the combined 
SM-supplemented groups (1.5% and 3%) further 
showed significant differences for all traits except uric 
acid, total protein, and blood calcium. 

The response to dietary SM level was predominantly 
linear for all parameters except uric acid and total blood 
protein. For total protein, the relationship was best  
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described by a significant quadratic polynomial, with a 
predicted optimum at 1.23% SM. Specific treatment 
comparisons yielded the following results: 

Glucose, Cholesterol, and MDA: The control 
treatment exhibited significantly higher (P<0.01) values 
compared to each SM treatment (1.5% and 3%). 

HDL, Triglycerides, and TAC: A decreasing trend 
(P<0.01) was observed with increasing SM inclusion. 
The 3% SM treatment was significantly higher than the 
1.5% treatment, which was in turn higher than the 
control. 

LDL and Atherogenic Index: A significant decreasing 
trend (P<0.01) was associated with increased SM level. 
The control treatment had the highest value, followed by 
the 1.5% SM treatment, and then the 3% SM treatment 

Albumin, Phosphorus, and Blood Iron: The highest 
values were recorded for the 3% SM treatment, which 
differed significantly (P<0.01) from both the 1.5% 
treatment and the control. 

Total Protein: A significant difference (P<0.01) was 
found only between the two SM levels (3% vs. 1.5%), 
with no significant difference between either SM 
treatment and the control. 

ALT and AST: Enzyme activities for the control 
treatment differed significantly from both SM treatments. 
Furthermore, the 3% SM treatment resulted in 
significantly higher ALT and AST activities than the 1.5% 
treatment. 

Regarding meat sensory quality (Table 6), only meat 
odor was significantly influenced by the dietary 
treatments (P<0.01). The contrast between the control 
and SM-supplemented groups was also significant for 
both meat odor and color. Meat tenderness showed a 
significant linear decrease with increasing SM 
percentage, described by the equation: Tenderness = -
0.4667x + 8.4333 (R² = 0.85). 

Table 4. Effects of  Silybum marianum (SM) consumption on relative weight of carcass components and some indices of 

the immune system in broiler chickens 
Liver 
(%) 

Heart 
(%) 

Gizzard 
(%) 

Abdominal 
fat (%) 

Thigh 
(%) 

Breast 
(%) 

Eviscerated 
carcass (%) 

Defeather 
body (%) 

Live body (g) Items 

0.261 0.396 1.622 1.065 19.25 25.580 69.914 82.439 2620.00 T1 
0.401 0.464 1.381 1.200 19.39 26.748 71.008 83.051 2612.50 T2 
0.365 0.428 1.681 0.873 19.44 27.576 71.399 84.099 2700.00 T3 
0.083 0.019 0.113 0.162 0.44 0.843 0.938 0.787 64.508 SEM 
0.488 0.073 0.180 0.388 0.95 0.280 0.528 0.353 0.564 P value 
0.255 0.050 0.522 0.886 0.76 0.151 0.284 0.262 0.675 Control vs. SM 
0.396 0.245 0.719 0.418 0.76 0.120 0.285 0.162 0.398 Linear 
0.404 0.044 0.074 0.268  0.872 0.764 0.825 0.523 Quadratic 

Relative weight of 
the bursa of 

Fabricius (%) 

Relative weight of the 
spleen (%) 

Relative weight of 
the pancreas (%) 

Antibody titer (42day- 
SRBC test) 

Antibody titer 
(35 day- 

SRBC test) 
Items 

0.068 0.086 0.239 7.000 3.600 T1 
0.047 0.107 0.188 5.400 2.800 T2 
0.071 0.098 0.237 5.400 3.600 T3 
0.013 0.009 0.025 0.712 0.849 SEM 
0.383 0.318 0.295 0.227 0.749 P value 
0.580 0.178 0.399 0.091 0.707 Control vs. SM 
0.868 0.388 0.952 0.138 0.990 Linear 
0.178 0.215 0.126 0.377 0.456 Quadratic 

T1: 0% SM or control group, T2: 1.5% SM and T3: 3% SM 
a,b: Within columns, mean values with common letter(s) are not different (P>0.05) 

 
 

Table 3. Effects of  Silybum marianum (SM) consumption 

on broiler chicken performance 

FCR 
Body 

weight (g) 
Feed 

intake (g) 
Treatments 

Starter (1-11 d) 

0.96a 294.40 282.60 T1 
1.00b 294.40 293.60 T2 
0.96a 303.60 292.60 T3 
0.011 10.59 8.21 SEM 
0.045 0.782 0.591 P value 
0.105 0.729 0.317 Control vs. SM 
0.699 0.551 0.406 Linear 
0.015 0.729 0.562 Quadratic 

Grower (12-21 d) 

1.45 473.40 687.00 T1 
1.41 521.40 735.40 T2 
1.43 497.20 713.00 T3 

0.017 12.72 15.80 SEM 
0.278 0.061 0.138 P value 
0.183 0.040 0.079 Control vs. SM 
0.463 0.211 0.267 Linear 
0.157 0.039 0.092 Quadratic 

Finisher (22-42 d) 

1.50b 2074.0 3109.6 T1 
1.57a 1984.6 3105.6 T2 
1.51b 2086.2 3144.3 T3 
0.017 59.94 67.42 SEM 
0.035 0.449 0.906 P value 
0.112 0.608 0.856 Control vs. SM 
0.804 0.888 0.723 Linear 
0.011 0.218 0.801 Quadratic 

Entire period (1-42 d) 

1.49 2547.40 3796.60 T1 
1.53 2505.99 3841.01 T2 
1.49 2583.36 3857.27 T3 

0.016 68.99 79.76 SEM 
0.135 0.736 0.858 P value 
0.267 0.975 0.601 Control vs. SM 
0.932 0.719 0.601 Linear 
0.050 0.496 0.888 Quadratic 

T1: 0% SM or control group, T2: 1.5% SM and T3: 3% SM 
a,b: Within columns, mean values with common letter(s) are not 
different (P>0.05) 
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The fatty acid profile and related health indices of 
breast meat are presented descriptively in Table 7; no 
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statistical comparisons were performed for these data. 

 
 

Table 5. Effects of Silybum marianum (SM) consumption on biochemical and antioxidant parameters in broiler chickens 

Items  
Treatments 

SEM 
P 

value 
Control vs. 

SM 

Linear 
Quadratic 

T1 T2 T3 P value Equation R2 

Glucose (mg/dL) 145.20a 131.20b 130.60b 1.84 0.0001 0.0001 0.0001 y = -4.867x + 142.97 0.78 0.0116 
Choleslterol (mg/dL) 140.60a 134.60b 133.40b 0.891 0.0002 0.0001 0.0001 y = -2.4x + 139.8 0.87 0.0481 
HDL (mg/dL) 33.12c 37.02b 40.14a 0.177 0.0001 0.0001 0.0001 y= 2.34x + 33.25 0.99 0.0978 
LDL (mg/dL) 81.92a 70.56b 64.54c 1.052 0.0001 0.0001 0.0001 y = -5.793x + 81.03 0.96 0.0605 
Atherogenic Index 2.47a 1.91b 1.61c 0.033 0.0001 0.0001 0.0001 y = -0.288x + 2.429 0.96 0.0064 
Triglycerides (mg/dL) 83.52c 91.76b 94.90a 0.679 0.0001 0.0001 0.0001 y = 3.793x + 84.4 0.93 0.0098 
Uric Acid (mg/dL) 5.23 5.27 5.22 0.025 0.3436 0.7323 0.667 -  0.1688 
Albumin (g/dL) 1.96b 1.98b 2.13a 0.019 0.0001 0.0014 0.0001 y = 0.059x + 1.93 0.84 0.0172 

Total protein (g/dL) 4.07ab 3.81b 4.36a 0.109 0.0127 0.9127 0.0835 - - 
0.0102 

y = 0.181x2 - 0.447x + 4.07 
(min=1.23) 

Phosphorus (mg/dL) 4.87b 4.85b 5.68a 0.055 0.0001 0.0001 0.0001 y = 0.271x + 4.72 0.73 0.0001 
Fe (μg/dL) 121.40b 122.60b 125.00a 0.554 0.0020 0.0041 0.0006 y = 1.2x + 121.2 0.96 0.3937 
Ca (mg/dL) 10.79 10.83 10.93 0.039 0.0736 0.0922 0.0291 y = 0.045x + 10.78 0.93 0.5398 
ALT (u/L) 18.06a 13.36c 16.54b 0.486 0.0001 0.0002 0.0473 y = -0.507x + 16.75 0.1 0.0001 
AST (u/L) 373.80a 272.40c 295.60b 3.389 0.0001 0.0001 0.0001 y = -26.07x + 353.03 0.54 0.0001 
MDA (nmol/mL) 21.08a 20.16b 20.02b 0.195 0.0046 0.0014 0.0024 y = -0.353x + 20.95 0.84 0.1289 
TAC (nmol/mL) 602.40c 739.60b 769.80a 6.932 0.0001 0.0001 0.0001 y = 55.8x + 620.23 0.88 0.0001 

T1: 0% SM or control group, T2: 1.5% SM and T3: 3% SM 
HDL: High density lipoprotein, LDL: Low density lipoprotein, ALT: Alanine amino transferase, AST: Aspartate amino transferase, MDA: Malondialdehyde, 
TAC: Total antioxidant capacity 
a,b: Within columns, mean values with common letter(s) are not different (P>0.05) 

 
Table 6. Effects of Silybum marianum (SM) consumption on sensory and taste traits of the breast meat in broiler chickens 

Items  Meat perfume Meat taste Meat smell Meat crispy Meat color 
Desirability and acceptance 

of meat 

T1 7.40 7.00 8.60a 7.20 7.40 7.20 
T2 8.00 8.00 7.40b 7.80 8.20 7.20 
T3 7.40 7.20 7.20b 8.20 8.20 7.40 
SEM 0.374 0.383 0.231 0.374 0.283 0.337 
P value 0.449 0.191 0.002 0.206 0.110 0.890 
Control vs. SM 0.525 0.225 0.001 0.106 0.040 0.813 
Linear 0.990 0.718 0.001 0.083 0.069 0.682 
Quadratic 0.215 0.079 0.103 0.831 0.271 0.813 

T1: 0% SM or control group, T2: 1.5% SM and T3: 3% SM 
 a,b: Within columns, mean values with common letter(s) are not different (P>0.05) 

 
Discussion  

Janocha et al. (2021) investigated the nutritional effects 
of Silybum marianum ground grains (0.2 and 2.3% 
levels) in broiler chickens and showed that in the first 21 
days, there was an increase of about 3% in the weight 
gain and 7% decrease in FCR. In addition, no negative 
effects on carcass characteristics were observed. It 
should be noted that muscle fat content decreased by 15 
and 19% in the groups fed with Silybum marianum, and 
the content of polyunsaturated fatty acids (PUFA) in 
breast muscles increased by 38.06% and thigh muscles 
by 37.63%. Also, an effect on meat flavor was positive 
and noticeable in this study. The present findings are 
generally consistent with Janocha et al. (2021), except 
for some performance data, possibly because of the 
levels studied. Ahmad et al. (2020) showed that feeding 
1.5% Silybum marianum increased final body weight and 
improved FCR in chickens. Our findings were in 
agreement with their findings. 

Khatami et al. (2023) observed an increase in feed 
intake compared to the control by feeding Silybum 
marianum seeds (0, 0.2, 0.4 and 0.6%) in broiler  

chickens, but weight gain decreased with the increasing 
levels of Silybum marianum, although the FCR 
increased. In addition, LDL and blood triglycerides were 
also reduced with the addition of 0.6% milk thistle 
(Khatami et al., 2023). The overall outcome of our study 
was completely consistent with the results of Khatami et 
al. (2023). 

Gharahveysi (2018) reported that increasing the 
proportion of Silybum marianum in the diet of chickens 
leads to a decrease in feed intake and body weight. 
Suchý et al. (2008) reported weight loss and impaired 
FCR when feeding 0.2 and 1% Silybum marianum to 
Ross 308 broiler chickens. Our results were in conflict 
with the two above reports, probably due to differences 
in the level and form of consumption of the tested 
ingredient. 

Ondrej et al. (2015) reported a decrease in the weight 
of chickens after feeding 5 to 15% milk thistle oil meal 
(Silybum marianum) in the diet. The performance results 
of the aforementioned authors, indicating a decrease in 
some performance items in some periods, were 
consistent with the present study. The decrease in  
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carcass yield after adding Silybum marianum to the diet 
of broiler chickens was noticeable by Ondrej et al. 
(2015). In that study, feeding 5 to 15% Silybum 
marianum seeds in the diet of chickens resulted in 3.86  
 

 

and 4.22% decreases in carcass yield compared to the 
control group. Our findings were in contrast with the 
above study, because no negative effects on carcass 
characteristics were observed in the present study. 

 

Table 7. The effects of Silybum marianum (SM) feeding on fatty acid profile and breast 

meat indices in broiler chickens 
Treatments  

Items 
T3 T2 T1 

0.25 - 0.02 Caprylic acid (C8:0) 
0.11 - 0.02 Capric acid (C10:0) 
1.10 0.42 0.10 Lauric acid (C12:0) 
1.02 0.65 0.47 Myristic acid (C14:0) 
0.14 0.06 0.10 Pentadecanoic acid (C15:0) 
29.38 23.31 23.05 Palmitic acid (C16:0) 

- 0.14 0.15 Margaric acid (C17:0) 
8.06 5.85 6.96 Stearic acid (C18:0) 

- 0.12 0.25 Arachidic acid (C20:0) 
0.26 0.19 0.50 Behenic acid (C22:0) 
40.32 30.74 31.62 Total SFA 
1.22 0.65 0.47 Myristoleic acid (C14:1) 
4.34 3.57 3.25 Palmitoleic acid (C16:1) 

- 0.12 0.12 Elaidic acid (C18:1t) 
38.07 32.60 33.62 Oleic acid (C18:1c) 

- 0.24 - Gondoic acid (C20:1) 
- - - Erucic acid (C22:1) 

81.70 72.06 71.08 Total MUFA 
15.26 20.56 25.56 Linoleic acid (C18:2c) 
15.26 20.56 25.56 Linolelaidic acid (C18:2c) 
0.37 - 0.17 Cis-11,14-eicosadienoic acid (C20:2) 
0.27 - 0.18 Arachidonic acid (C20:4) 

- - - Cervonic acid (22:6) 
31.16 51.29 51.30 Total PUFA, n-6 
0.43 0.67 2.66 Dihomo-γ-linolenic acid (C20:3) 
1.00 1.47 1.93 Linolenic acid (18:3) 
1.43 2.14 4.59 Total PUFA, n-3 
21.79 23.96 11.17 Total PUFA, n-6/Total PUFA, n-3 
0.18 3.92 0.19 Other 

112.88 127.27 122.57 UFA 
2.79 4.14 3.87 UFA/SFA 
4.34 2.78 2.06 Atherogenic index (AI) 

6304.60 4328.32 4372.54 Thrombogenic index (TI) 
1.81 2.55 2.71 Hypocholesterolemia index (HI) 
3.71 5.31 5.21 Hypocholesterolemic / Hypercholesterolemic 

T1: 0% SM or control group, T2: 1.5% SM and T3: 3% SM 
PUFA: polyunsaturated fatty acids, MUFA: monounsaturated fatty acids, UFA: unsaturated fatty 
acids, SFA: saturated fatty acids 

 
In the findings of Ondrej et al. (2015), at levels of 0.5, 

1, 1.5, and 2 percent Silybum marianum in the diet of 
broilers, no negative effects were observed on breast 
muscle and abdominal fat, which was in line with the 
present study. Tavakolinasab et al. (2020) found a 
significant decrease in the proportion of abdominal fat in 
the carcass by feeding Silybum marianum extract at a 
dose of 250 mg/kg, which was in contrast to the results 
of this study; the reason for this can be attributed to the 
difference in the form and surface area of Silybum 
marianum consumed. 

In the research of Šťastník et al. (2016) and 
Tavakolinasab et al. (2020), high levels of Silybum 
marianum consumption led to an increase in liver weight, 
which was not observed in the present study. Grela et al. 
(2020) analyzed the crude fat content in the muscle of 
chickens fed diets with 3 and 6% Silybum marianum 
seeds, and observed a significant decrease in the fat  

content of the meat, and in parallel, an increase in the 
percentages of stearic and linoleic acids was observed. 

The atherogenic index, thrombogenic index, and the 
ratio of hypocholesterolemia and hypercholesterolemia 
in breast meat after feeding Silybum marianum in the 
studies of Šťastník et al. (2016), Grela et al. (2020) and 
Janocha et al. (2021) had different, albeit positive, 
effects on breast meat in chickens, while in the present 
study these parameters were measured without 
statistical evaluation and the results were promising. 

The positive effect of diets containing Silybum 
marianum on the organoleptic (sensory) properties of 
muscles was evaluated positively by Janocha et al. 
(2021). However, in the study of Ondrej et al. (2015), by 
adding 5 to 15% Silybum marianum, the meat flavor 
score decreased, which was largely consistent with the 
results of the present study, and of course, more 
noticeable effectiveness was observed at higher levels 
of consumption. Bendowski et al. (2022) observed an  
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improvement in blood antioxidant properties by 
examining Silybum marianum plant extract in the form of 
seed infusion in drinking water on broiler chickens. A 
decrease in FCR at low doses and an increase in FCR 
at high doses were also important findings of this study. 
The outcome of the results of this study was consistent 
with the findings of the present study, and the difference 
in details was due to the form of consumption of this 
source in chicken nutrition. The positive relative efficacy 
of the studied ingredient test on parameters related to 
health, meat quality and performance of chickens was 
probably due to the improvement of liver metabolism as 
well as the synthesis and degradation of nutritional 
compounds including proteins, fats and carbohydrates 
and the increase in the activity of glycosidase enzymes 
as a result of the increase in the number of 
aminopeptidases after feeding Silybum marianum 
(Bendowski et al., 2022). In addition, it has been proven 
that beta-glucosidase plays an important role in the 
removal of non-reducing glycosyl residues from 
saccharides and glycosides and has an important 
contribution to the metabolism of glycolipids (Bendowski 
et al., 2022). 

Guerrini and Tedesco (2023) concluded that Silybum 
marianum is more effective in combating mycotoxin 
toxicity on organs, biochemical and immunological 
functions and performance of poisoned poultry. They 
revealed its use as a whole plant and silymarin extract in 
cases of fungal poisoning has positive effects on 
maintaining animal performance and can be effective in 
restoring liver function due to its known hepatoprotective 
and antioxidant effects and reducing organ damage 
caused by poisoning. Considering the cost of silymarin 
preparation, the use of ground grain is still of greater 
interest in the formulation of functional poultry diets. 
Guerrini and Tedesco (2022) reported that feeding 
Silybum marianum to animals with injured livers resulted 
in an increase in liver enzymes such as ALT, AST and 
ALT. They revealed in healthy livers this effect would be 
reversed, which is a process related to ribosomal RNA 
synthesis and the conversion of stellate hepatocytes to 
myofibroblasts, the combined activities of which lead to 
the restoration of normal liver functions and the 
production of enzymes in normal amounts (Adetuyi et al., 
2021; Guerrini and Tedesco, 2022, Guerrini and 
Tedesco, 2023). Chand et al. (2011) found that feeding 
diets contaminated with aflatoxin B1 significantly 
reduced the mean serum antibody titers in broiler 
chickens against Newcastle disease (ND), infectious 
bronchitis (IB) and infectious bursal disease (IBD), but 
the use of silymarin supplementation significantly 
increased the antibody titers. Other researchers reported 
that silymarin in Silybum marianum acts as an 
immunostimulant and can affect the production of 
cytokines such as interferon gamma, interleukin IL-4 and 
IL-10 by increasing lymphocyte proliferation. Silymarin 
improves the immune system by quenching and 
inactivating free radicals, and this ability preserves 
glutathione and reduces its oxidation, and has a direct 
and positive effect on immune cells (Wilasrusmee et al.,  
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2002). In addition, silymarin in liver cells can stabilize the 
homeostasis of cell membranes and stimulate the 
secretion of histamine, lipoxygenase and prostaglandin 
synthetase and leukotriene synthesis. Tedesco et al. 
(2004) found that when broilers fed aflatoxin-
contaminated feed were found to have reduced bursa, 
spleen and thymus weights, supplementation with 
Silybum marianum restored the normal morphology of 
these tissues and even increased the weight of the 
bursa, spleen and thymus. Amiridumari et al. (2013) 
found that when aflatoxin B1 was administered to poultry 
(500 ppb) they found a significant reduction in HDL, 
calcium and glucose, but supplementation with Silybum 
marianum reduced these effects. In contrast, 
Amiridumari et al. (2013) found that Silybum marianum 
seed supplementation had no significant effect on iron, 
phosphorus, cholesterol, triglycerides, uric acid and LDL 
compared to aflatoxin-contaminated feed. Similarly, 
Tedesco et al. (2004) found that treatments 
contaminated with aflatoxin B1 and silymarin did not 
affect serum glucose, protein content, calcium, AST and 
phosphorus. Furthermore, the capacity of Silybum 
marianum as an inhibitor of free radicals and lipid 
peroxidation (i.e. formation of MDA) and suppression of 
proinflammatory signals derived from nuclear factor-B 
(NF-B) activation, which play a constructive role in 
inducing the synthesis of cytokines such as tumor 
necrosis factor (TNF-α), interleukins (IL-1, IL-6) and 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), could have an impact on consumer health 
(Esmaeil et al., 2017; Juráňová et al., 2018; Guerrini and 
Tedesco, 2023).  

In summary, by comparing the results of important 
biochemical and antioxidant parameters of the blood as 
well as the status of the immune system and comparing 
it with the results of other studies, including normal diets 
and contaminated diets, the results of present study 
were broadly consistent with the mechanisms and 
results of other researchers regarding positive and 
health-promoting effects of supplementation with 
Silybum marianum on blood, liver, and immune health 
parameters. Where differences were found, these may 
be attributed to differences in the type of diet, levels of 
the ingredient tested, and the form and manner of its 
consumption in the poultry diet. 

Conclusions 

Evaluation of the constituent components and use of 
Silybum marianum in the feeding of broiler chickens 
showed a 1.5% reduction in FCR and improved 
performance. Animal health was improved according to 
the parameters of glucose, cholesterol, HDL, LDL, 
atherogenic index, triglyceride, albumin, protein, 
phosphorus, iron, ALT, AST, MDA and TAC in the blood, 
and the odor of meat was also affected in the 
experimental groups fed with the test ingredient. It 
seems that the selection of optimum levels of Silybum 
marianum in chicken feeding can create constructive 
effects on performance, health and meat quality. The  

83 



 Saei et al.  

power of including this valuable resource in functional 
diets at low levels is clearly demonstrated. 
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