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ABSTRACT 
The aim of this study was to evaluate some morphological and chemical characteristics of wild milk 
thistle seeds, their antioxidant activity, and to compare their oil fatty acid profile with that of cottonseed, 
sunflower and soybean oils, with some physicochemical properties evaluated for these oils before and 
after fast frying process (40min). The findings indicate that 26.14% oil, 35.65 mg GAE /g total 
phenolic (80% methanol extract) and 23.78 mg / g total flavonoid were present in the milk thistle seed. 
The results indicated the higher antioxidant activity at 100ppm and the inhibition ratio of IC50 were 
89.73 % and 0.024 mg /ml, respectively, for 80 % methanolic seed extract. Milk thistle seed oil had a 
high amount of linoleic acid (51.71%), followed by oleic acid (26.39%), palmitic acid (9.55%) and 
stearic acid (4.62%), which was in harmony with soybean oil (among the three oils) but had the lowest 
linolenic content (0.25%). In comparison, the total unsaturated fatty acid (TUFA) of milk-thistle oil 
(79.26 %) was lower than that of sunflower oil (85.07%) and between of both soybean oil (83.41%) and 
cottonseed oil (69.86%). However, from the calculated of ratio of linoleic: oleic acid, Cox value  and  
P / S index, it can be recorded that the milk-thistle seed oil may have beneficial effects on human health 
and make it suitable for consumption in quantities of edible oils as well as cottonseed, sunflower and 
soybean oils. As a reflection of that, the data showed that the physicochemical properties of the milk-
thistle oil and the previous three oils were not substantially different, while the oxidative stability 
(Rancimat) of the milk-thistle oil was higher than that of the sunflower and soybean oils and slightly 
lower than that of the cottonseed oil before and after fast frying. So, it is evident from the obtained 
results that milk-thistle seed oil can be used in food and industrial foods as well as cottonseed, sunflower 
and soybean oils.   
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Introduction 

Asteraceae (Compositae) also known as the aster, daisy or sunflower family; is the largest family 
of the flowering plants. Sunflower is an annual plant belonging to the family Asteraceae as well as milk 
thistle (Silybum marianum L. Gaertn) (The plant list, 2016). Milk thistle (Silybum marianum L.) is a 
wild plant from the Asteraceae family. It grows wild throughout Europe, some parts of the United States, 
Australia and widely dispersed to many countries throughout the world. It can be also cultivated, which 
an annual or biennial plant, native to the Mediterranean area and some parts of the other warm and dry 
regions (Tukan et al., 1998; Hadolin et al., 2001; Barreto et al., 2003; Kren and Walterova, 2005; Fathi-
Achachlouei and Azadmard-Damirchi, 2009 and Li et al., 2012). 

In Egypt, milk thistle is typically found and widespread in the Nile region (Delta), on road sides, 
waste land, and as a troublesome weed in cereal crops, this milk thistle usually grows in dry and sunny 
areas during the winter and spring seasons. Milk thistle has a glabrous or slightly downy, erect and 
branched stem 40-200 cm long in the upper part of the plant (Montemurro et al., 2007). One of the 
important issues about milk thistle plant is that may be accepted as a safe and well tolerated herbal 
product, since no health hazards or side effects are known (Jacobs et al., 2002 and Shaker et al., 2010). 
Flowering of milk thistle begins in spring and the plant is harvested at the beginning of summer. The 
milk thistle seed was contained about 22% oil, which similar to many vegetable oil seeds or even more 
(El-Mallah et al., 2003). 
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Phenolic and polyphenolic substances could be viewed as ‘star nutrients’ because of their 
antioxidant effects, especially, flavonoids which had high antioxidant activity (Badar, 2005). The active 
constituent in milk thistle seeds polyphenolic substances was Silymarin (as flavolignans), a major active 
compound ranging from 4% to 6% on dry weight (Khalil, 2008), which acts as an antioxidant, anti-
inflammatory, hypolipidaemic and anticarcinogenic properties (Khan et al., 2007; Nyiredy et al., 2008; 
Shaker et al., 2010 and Hlangothia et al., 2016). Silymarin can also avoid oxidative damage to the liver, 
brain, heart, liver and bile tract diseases, viral hepatitis, toxin-induced liver disease and other vital 
intraorgans due to its ability to avoid lipid peroxidation and replenish decreased glutathione levels (Das 
et al., 2008; Abenavoli et al., 2010; Freedman et al., 2011; Rafieian-Kopaei et al., 2013 and Abenavoli 
and Milic, 2017). So, milk thistle seeds are commercially grown for its remarkable medicinal qualities 
(Alemardan et al., 2013b).  

Prior to the extraction of silymarin, the oil must be separated from the milk thistle seeds. So it is 
a by-product of the production of silymarin (Hadolin et al., 2001). It has been found in a number of 
studies that milk thistle seeds contain a relatively high content of oil (20-30%) (Abu-Jadayil et al., 1999; 
Abu-Rajouh and Takruri, 2000; Hadolin et l., 2001; Parry et al., 2005 and 2006; Khalil, 2008; Fathi-
Achachlouei and Azadmard-Damirchi, 2009; Abd Raboh-Fatma, 2012 and Harrabi et al., 2015).  

The main fatty acids in milk thistle seed oil were found to be linoleic acid, oleic acid, palmitic 
acid and stearic acid (Hadolin et al., 2001; El-Mallah et al., 2003; Parry et al., (2006); Hasanloo et al., 
2008; Fathi Achachlouei and Azadmard Damirchi, 2009; Abenavoli et al., 2010 and Malekzadeh et al., 
2011) and it has been suggested as being suitable as an edible oil with serving as a potential natural 
source of vitamin E (Vojtisek et al., 1991; Hadolin et al., 2001 and El-Mallah et al., 2003). With 
increasing demand of better quality oils, milk thistle seeds oil is cheap, healthy and beneficial for human 
consumption (Hadolin et al., 2001), having no side effects (Jacobs et al., 2002 and Shaker et al., 2010).  

Milk thistle was ranked 6th and 16th among herbal supplements in the natural ($10.0 million) and 
traditional multioutlet channels ($17.1 million) in the United States in 2016, respectively (Smith et al., 
2017). The milk thistle plant is usually cultivated for the production of silymarin (Andrzejewska et al., 
2011 and Alemardan et al., 2013a), while the seeds and the entire biomass of the plant can be used for 
the production of oil and bioenergy (Andrzejewska et al., 2015 and Domínguez et al., 2017). 
In order to verify and validate the interest of readily available milk thistle seeds as a new source of oil 
production as a commodity before the production of medicinal drugs, the economic revenue for the 
production of milk thistle seeds in Egypt should be increased. This study reports here on the some 
morphological characteristics of milk thistle seed grown in Egypt, chemical composition, phenolic 
compounds, fatty acid profiles, as compared to other vegetable oils with some physical and chemical 
properties and its oxidative stability. These may well lead to the opportunity to use Milk Thistle Seed 
Oil as a new product in Egypt.  
 
Materials and Methods 
 
1. Materials  
1.1. Plant material:   

Milk thistle seeds (Silybum marianum L.) (3.0 kg) were collected from local market of 
Kafrelshekh Governorate zone, Egypt, during the vegetation season of 2017. The potato tubers (0.5 kg) 
were purchased from local market in Kafrelshekh Governorate, Egypt. 

 
1.2. Chemicals: 

All chemicals were purchased from Sigma, analytical grades. 
 

1.3. Oil samples:  
The maximum milk thistle seed oil (MSO) was extracted using n-hexan in a Soxhlet extractor for 

6 h. Furthermore, to ensure that the resultant oil carried no water, the anhydrous sodium sulphate was 
added in extracts. The solvent was initially removed using a rotary evaporator at 40 °C, and then placed 
at ambient temperature (25–35 °C).  

Fresh sunflower oil (SFO) was obtained from Oil Company at 6 October city, Giza-Egypt (under 
trade name of "Wasfa" oil). The fresh cottonseed oil (CSO) and Soybean oil (SBO) were obtained from 
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Tanta Company for Oils & Soaps at EL-Gharbia-Egypt. All oil samples are of refined, bleached and 
deodorized grade.  
 
2. Methods:  
2.1. Preparation of seed  

The milk-thistle seeds (MS) were washed with tap water followed by distilled water then 
eventually dried. The milk thistle seeds were milled by Brown Multiquick Blender (Germany) for 3 
min. The seed powder was placed in polyethylene bags and stored for further study at -18°C (Atta and 
Imaizumi, 2002). 

  
Fig. 1: Milk thistle flower and seeds. 

 
2.2. Morphological characteristics of the seed  

The morphological characteristics of milk-thistle seeds were estimated. The seed dimensions 
(length, width and thickness mm), mass of 1000 seeds in grams (g), volume in cm3 and bulk density 
g/cm3 were estimated according to El-Raie et al. (2004). 

 
3. Chemical characteristics  
3.1. Gross chemical composition  

The chemical compositions of (MS) were determined according to the methods described in 
A.O.A.C (2005). Oil content was determined by (official method no 935.38) using n-hexan in a Soxhlet 
apparatus. The crude protein content was determined using factor 6.25 (official method no 950.36), 
crude fibers determined by (official method no 950.37) and ash content determined by (official method 
no 930.22) in muffle furnace at 450 – 500 °C. Total carbohydrate was calculated by differences.  

 
3.2. Estimation of minerals:  

 Minerals contents (Fe, Zn, Mn and Ca,) were determined according to the methods outlined in 
A.O.A.C. (2005) using atomic absorption spectrophotometer (Perkin Elmer Model 4100 ZL), while (Na 
and K) were determined using flame photometer. On the other hand, phosphorus was determined by 
ascorbic acid technique using the colorimetric method. 

 
4. Phytochemical compounds of milk thistle seeds (MS): 
4.1. Determination of total phenolic compounds (phenolics):  

The total phenolics of methanolic MS extract were determined by the method described by Jindal 
and Singh (1975). 

 
4.2. Determination of total flavonoids  

Total flavonoids of methanolic MS extract were determined following the method of Zhishen et 
al., (1999), modified by Kim et al., (2003). 

 
4.3. Scavenging assay on DPPH free radical  

The scavenging effect of phenolics from the different concentration methanolic MS extracts was 
monitored as described in the literature (Amarowicz et al., 2008). A 0.1 mL methanolic solution 
containing between 0.2–0.8 mg/mL of extract was mixed with 1 mL of deionized water and then added 
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to a methanolic solution of 1,1-diphenyl, 2- picrylhydrazyl (DPPH-H) radical (1 mM, 0.125 mL). The 
mixture was vortexed for 1 min, left to stand at room temperature for 20 min in the dark, and absorbance 
of the solution was then measured at 517 nm with the spectrophotometer (UV/ VIS Model: SP 2000 
UV, S/N: 06102503, Taiwan). The antioxidant activity was calculated according to the following 
equation:- 

% radical scavenging activity = [1– (A sample /A control)] x 100 
Where: A = is absorbance at 517 nm. 

The inhibitory concentration of samples was expressed as IC50 values. This value, under the 
experimental conditions employed during analysis, is linked to the concentration of sample required for 
50% scavenging of DPPH• radical (expressed as mg/mL). 

 
4.4. Fatty acids composition of milk thistle seed oil (MSO):  

Fatty acids composition of MSO was determined by Gas Liquid Chromatography (GLC) 
according to A.O.A.C. (2005). 

Calculation of oxidative stability (Cox value) of oils, which described as oxidizability, was 
calculated by the percentage of C18-unsaturated fatty acids, using the formula proposed by Fatemi and 
Hammond (1980) as follow: 

Cox Value = [1 (Oleic %) + 10.3 (Linoleic %) + 21.6 (Linolenic %)] / 100. 
 
4.5. Oil frying preparation 

The MSO, 500 mL was used for fast frying process comparing with the same volume of the 
individual of cottonseed oil (CSO), sunflower oil (SFO) and soybean oil (SBO). 

 
4.6. Fast frying procedure: 

Fresh potatoes were washed in tap water and peeled. Potatoes were sliced into uniform pieces 
with a potato cutter manual machine. The potato pieces were rinsed with distilled water to eliminate 
starch material on the surface then soaking in previous prepared 1.5 L of 10 % NaCl in 0.5% acetic acid 
solution for 2.0 h and then blotted with paper towels before weighing into 50-g batches for the fast 
frying process. Fast frying process was carried out 2-replicate for individual oil (500 mL) into a kitchen 
1.0-L commercial fryer. The fast frying process in individual oil was started after the temperature 
reached 180 °C for 20 min, then potato pieces were added for another 10 min every batches about 50 
gm, 2-replicate, for a total time of 20 min frying process every individual oil. Oil samples were left to 
cool down then stored in brown glass bottles at -18°C until analyses and the fried potato chips were 
rapidly sensory estimation. 

  
5. Some parameters for non fried and fried oils  

Refractive index at 25ºC, free fatty acids (FFA) (% as oleic acid) and peroxide value (meq. O2 
/kg oil) were estimated according to A.O.A.C (2005). Polar compounds were determined according to 
Dobarganes et al., (1988). Polymer contents and oxidized fatty acids were carried out using the methods 
of Wu and Nawar (1986). 

  
6. Oxidative stability: 

The oxidative stability was estimated by measuring the oxidation induction time, on a Rancimat 
apparatus (Metrohm CH series 679). Air flow (20L/h) was bubbled through the oil (5.0gm) heated at 
100 ˚C ± 2 ˚C, with the volatile compounds being collected in water, and the increasing water 
continually measured. The time taken to reach the conductivity inflection was recorded Farhoosh 
(2007). 

 
Statistical analysis:  

Statistical analyses were done using SPSS software (version 16.0) and Duncan’s range tests were 
used for compare means, one-way ANOVA at P < 0.05. 
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Results and Discussions 
 
1. Morphological properties of milk thistle seed  

The results from Table (1) showed that it was possible to bring about 20 to 60 flowers across the 
entire milk thistle plant. In each flower, the mean number of seeds, brown in colour, was 155 (from 130 
to 180 seeds / flower).  
 
Table 1: Some morphological properties of milk thistle seed 

Parameter Measurement 
Flower ∕plant 40 ± 2.00 
Seed ∕flower 155 ± 3.00 
Seed length (mm) 7.00 ± 2.00 
Seed thickness (mm) 2.00 ±0.50 
Seed width (mm) 3.00± 0.50 
Weight of 1000 seed (g) 28.50± 1.50 
Volume of 1000 seed (cm3) 38.59±1.5 
Bulk density (g∕cm3) 0.74±0.50 

M±SD = means and standard deviation of triplicates. 
 

The average values for the milk thistle seed measurements are 7.00±2.00 mm in length and 
3.0±0.50 mm in width. Furthermore, the seed thickness is 2.00 ±0.50 mm (Figure 1). However, the 
average weight and volume of 1000 seeds is 28.50±1.50 g and 38.59±1.5 cm3, while 0.74±0.50 g / cm3 
is their bulk density. These results are based on those documented by Sindel (1991), who estimated that 
there are 10-50 flowers in the milk thistle plant, while each flower produces about 100 seeds, with an 
average of 3000 seeds per plant. The weight of 1000 seeds is greater than that recorded by Ghavami 
and Ramin (2008), who found that 23.9 g was the weight of 1000 wild milk thistle seeds. 

  
2. Chemical composition of milk thistle seed 

As seen in Table (2), oil content represented the major component in milk thistle seeds (26.14%). 
This result is harmony with this reported by Khan et al. (2007), Fathi-Achachlonei and Azadmard-
Damirchi (2009), Dabbour et al. (2014), El-haak (2015), Harrabi et al. (2015), Harrabi et al. (2016) and 
Nemati et al., (2017), which was 25-31% and higher than that mentioned by Alaoui Ismaili et al. (2016), 
who recorded oil seed content of milk-thistle was 19.10%. However, the oil content is in the same order 
with the oil content reported for some oil-seed crops such as soybean (17–21%), cotton seeds (15–24%), 
olive (20–25%) (Matthaus and Ozcan, 2006).  

Table (2) indicates that 23.43 % for crude protein, 4.92 % for ash, 25.74 % for crude fibre and 
19.77 % for available carbohydrates were also found in milk thistle seeds. The proximate analysis of 
milk thistle seeds agreed partially with those reported by El-haak (2015) showed that milk thistle seeds 
comprise of ether extract (29.68%), crude proteins (25.25%) and crude fibre (29.95%). Milk thistle 
seeds contain 23.56% for crude protein, 23.12% for ether extract, 4.98 for ash and 30.33% for crude 
fibre (Khalil-Mona et al., (2015). These findings are based on previous reports on milk thistle seeds that 
documented variations in oil yield and content that may be due to differences in plant variety, climate, 
ripening stage, seed harvesting period, location, and method of extraction (Abdulkarim et al., 2005 and 
Gecgel et al., 2007). 

 
3. Phytochemical Compounds of milk thistle seeds: 
3.1. Total phenolic compounds  

Phenolic acids are considered to play important roles in plant resistance to pathogens and 
herbivores, allelopathy, oxidative stress and plant growth control. They have also been shown to have 
beneficial effects on human health. Table (2) shows that the total phenolic compounds of 80 % 
methanolic extract for milk thistle seed are 35.65 mg GAE /g seeds. This finding is consistent with 
31.44 mg GAE/g seeds, which reported by Khalil-Mona et al. (2015) and with 37.61 mg GAE /g seeds 
resulted by Abd Raboh-Fatma (2012 ), whereas higher than 29 mg GAE/g seeds recorded by Mhamdi 
et al. (2016) and 25.02 mg GAE /g seeds found by Parry et al. (2006). On the other hand, the total 
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polyphenol content of Sylibum marianum seeds is more important than that of Cynara cardunculus 
seeds of the same family (Asteraceae) seeds (Falleh et al., 2008).  

 
3.2. Total flavonoid compounds  

Flavonoids' biological function includes protection against allergies, inflammation, bacterial 
platelet aggregation, ulcers, vines and tumours (Okwu and Okwu, 2004). In addition, a positive 
correlation between consumption of dietary flavonoids (such as myricetin, quercetin, and isoflavones) 
and decreased mortality due to coronary heart disease, partly due to inhibition of oxidation of LDL (low 
cholesterol density of Iipoprotein) and decreased platelet aggregation due to flavonoids (Plosch et al., 
2006). Flavonoid dietary consumption ranges from 23 mg / day recommended in the Netherlands to 
170 mg / day recommended in the USA (Nothlings et al., 2007 and Duncan et al., 2002). 

The data presented in Table (2) clearly indicate that the total flavonoid content of milk thistle 
seed was 23.78 mg / g. The results obtained are partially in agreement with those of Abd Raboh-Fatma 
(2012) who found that the flavonoid content was 19.51 mg / g in 80% ethanol extract and higher than 
that reported by Khalil-Mona et al. (2015) who recorded that the flavonoid content was 12.00 mg/g in 
80% ethanol extract. 

 
Table 2: Proximate composition of milk thistle seeds, (% dry weight) 

Components % Value 
Moisture 4.36± 0.7 
Crude Protein 23.43 ± 0.88 
Oil content 26.14 ± 0.33 
Crude fiber 25.74 ± 0.55 
Ash 4.92 ± 0.07 
Available carbohydrate* 19,77 ± 0.7 
Phenolic (mg GAE /g) 35.65± 0.08 
Flavonoids (mg/g) 23.78 ± 0.05 

Each value is an average of three determinations± standard deviation. 
*Available Carbohydrate was calculated by difference. 

 
3.3. Mineral contents of milk thistle seeds: 

Minerals content of raw materials of milk thistle seeds documented in Table (3) which illustrated 
the content of four major elements: calcium (Ca); sodium (Na); potassium (K) and phosphorus (P) as 
well as three of trace elements; iron (Fe), zinc (Zn) and manganese (Mn) in milk thistle seed.  

 

Table 3: Mineral contents of milk thistle seeds (MTS) (mg /100 ց, dry basis) 
Minerals Fe Zn Mn P K Ca Na 
MTS 60.36 4.50 3.50 800.33 453.85 935.55 50.65 

 
3.4. Major elements:  

Data listed in Table (3) reveal that seeds of milk thistle appear to be poor in sodium (50.65 
mg/100g), but very rich in calcium (935.55 mg/100 g) and phosphorus (800.33 mg/100 g). Also, the 
seeds of milk thistle contained considerable amounts of potassium (453.85 mg/100 g). 

 
3.5. Trace elements  

Data reveal that, the amounts of iron, zinc and manganese for milk thistle (60.36, 4.50 and 3.50 
mg/100 g, respectively). These results are harmony with that obtained by Khalil-Mona et al. (2015) 
who revealed that milk thistle seeds powder contained 65.50, 3.76, 2.21, 750, 400, 880 and 40 mg / 100 
g for Fe, Zn, Mn, P, K, Ca and Na, respectively. 
 
4. Antioxidant activity of milk thistle seed extracts  
4.1. Scavenging assay on DPPH free radical  

Free radical scavenging is one of the recognized mechanisms for inhibiting oxidation. Oxidative 
stress caused by free radicals is postponed or even avoided by a special class of substances called 
antioxidants. In the DPPH free radical scavenging assay, the anti-radical power of the antioxidant is 
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measured as the color changes from purple to yellow. It can be used to determine the hydrogen donation 
ability of a compound is a fast method and is most widely used to characterize the antioxidant activity 
of plant materials (Arnao, 2000). It is well known that phenolic compounds, in particular polyphenols, 
are oxygen-scavengers and act as natural antioxidants as well as antimicrobial agents (Kapoor and Kaur, 
2002).  

Table (3) demonstrates the DPPH scavenging ability of methanolic extracts of milk thistle seed 
with a percent inhibition of DPPH at 50,100, 200 and 400 ppm.  
Antioxidant activity of 80% methanol extract of milk thistle seed was found to possess significantly 
(P< 0.05) higher free radical scavenging ability due to its high DPPH radical inhibition (89.73 %) at 
100 ppm. 

This result was consistent with what was stated by Khalil-Mona et al. (2015) who found that the 
scavenging radical activity indicated that the 80% ethanolic extracted of milk thistle seed meal had 
88.57% inhibition at 100 ppm and a harmony with resulted by Abd Raboh-Fatma (2012) who recorded 
that scavenging radical activity indicated that the 80% ethanolic extracted of milk thistle seed meal had 
80.10 % inhibition at 50 ppm and increased to 92.76 % inhibition at 500 ppm.  

Mhamdi et al. (2016) reported that milk thistle seed had a good antiradical activity 
(IC50=39µg/ml) but a lower reducing power ability. 
 
Table 3: Antioxidant activity percentage using DPPH scavenging ability of methanolic extracts of milk 

thistle seed 
Methanolic 
Extract Type% 

Inhibition % of DPPH IC50 mg/ml 
 50ppm 100ppm 200ppm 400ppm 

80 78.10a±0.33 89.73a±0.37 90.72a±0.43 91.94a±0.40 0.024 
60 68.56b±0.64 81.76b±0.41 87.65b±0.48 88.12b±0.09 0.027 
40 58.07c±0.45 62.12c±0.59 75.41c±0.79 82.64c±0.90 0.035 
20 48.19d±0.68 53.43d±0.46 55.35d±0.83d 57.89d±0.21 0.044 

Each value is an average of three determinations ± standard deviation. 
Each value followed by the same letter in Columns are not significantly different at P ≤ 0.05. 
 

The IC50 value (mg / ml) is the sample concentration at which the scavenging activity is 50% 
(Min-Sheng Su et al., 2008). IC50 values indicate the sample concentration needed to scavenge 50 % of 
DPPH-free radicals (Ghasemi et al., 2009). 

Data in Table (3) show that the highest inhibition ratio of IC50 (0.024 mg/ml) among all solvents 
tested was found to be at 80% methanolic extract concentration. It can also be found that the inhibition 
percentage increased with the rise in total antioxidants in the extracts. The increase in water in methanol 
solvent has been associated with a decrease in inhibition and a rise in IC50.  
Pendry et al. (2005) recorded 0.025 mg / ml of milk thistle IC50 with 80 percent inhibition of 50, 100, 
500 and 1000 ppm of DPPH.  

According to Al-Ismail et al. (2007), who classified DPPH free radicals' scavenging activity 
according to the IC50 values as follows:  
Group (A) showed strong scavenging capacity (IC50 < 1 mg/ml)  
Group (B) showed moderate scavenging capacity (IC50 > 1 and < 2 mg/ml)  
Group (C) showed weak scavenging capacity (IC50 > 2 mg/ml).  
Therefore, the all methanolic extract concentrations indicate strong antioxidant activity and fall under 
group A. 
  
5. Fatty acids composition of milk-thistle seed oil comparing with edible oils of cottonseed, 
sunflower and soybean:  

Fatty acids composition of milk-thistle seed oil as compared to other oils were fractionated and 
determined by gas liquid chromatography (GLC) apparatus. The obtained results are shown in Table 
(4), milk-thistle seed oil had high amount of linoleic acid (51.71%) followed by oleic acid (26.39%), 
palmitic (9.55%) and stearic (4.62%), which in a harmony with soybean oil, while contained the lowest 
content of linolenic (0.25%).  

The findings are shown in Table (4), the major unsaturated fatty acid in all investigated samples 
was linoleic acid (61.45, 52.62, 51.71 and 44.62%, for sunflower, soybean, milk-thistle and cottonseed 
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oils, respectively) followed by oleic acid (26.39, 23.98, 23.79 and 21.55% for milk-thistle, soybean, 
cottonseed and sunflower, respectively), while the lowest linolenic acid content was observed in milk-
thistle seed oil (0.25%) followed by cottonseed oil (0.34%) and sunflower oil (1.92%), while the highest 
content was observed in soybean oil (6.69%). In contrast, the highest total monounsaturated fatty acids 
(TMUFA) represented in milk-thistle seed oil (27.30%) followed by cottonseed oil (24.90%), soybean 
oil (24.10%) and sunflower oil (21.65%), while the highest total unsaturated fatty acid (TUFA) was 
sunflower oil (85.07%) followed by soybean oil (83.41%), milk-thistle oil (79.26%) and cottonseed oil 
(69.86%). 

The latest resulted related with the ratio of linoleic: oleic acids, which calculated as shown in 
Table (4) the highest ratio of linoleic: oleic acids stabilized in sunflower oil (2.85) followed by soybean 
oil (2.19), while that of milk-thistle oil was slightly higher (1.96) than the lowest of cottonseed oil 
(1.88). Table (4) showed also that the Cox value of milk-thistle seed oil (5.64) was lower than of 
sunflower oil (6.96) and higher than of cottonseed oil (4.91), whiles the highest Cox value was of 
soybean oil (7.10).  

On the other hand, the relation between the content of polyunsaturated and saturated fatty acids 
is expressed as the P / S index. A higher P / S index was 4.24 for sunflower oil followed by soybean 
(3.58), milk-thistle (2.51) and cottonseed (1.49). An important parameter for evaluating the nutritional 
value of some oils is the P / S index value, as oils and fats with a P / S index higher than 1.0 are 
considered being nutritionally beneficial (Alaoui Ismaili et al., 2016). These values therefore indicate 
that milk-thistle seed oil can have beneficial effects on human health and make it suitable for edible oils 
to be consumed in quantity as well as cottonseed, sunflower and soybean oils.  
 
Table 4: Fatty acids composition of the milk-thistle seed oil comparing with the edible oils of 

cottonseed, sunflower and soybean (wt. % of total fatty acids) 

Fatty acids % Symbols 
Studied oils 

Milk thistle oil Cottonseed oil Sunflower oil Soybean oil 
SFA 
Laueric acid  
Myristic acid 
Palmitic acid  
Stearic acid 
Arachidic acid 
Behenic acid 
Lignoceric 

 
C12:0 
C14:0 
C16:0 
C18:0 
C20:0 
C22:0 
C24:0 

 
0.00 
0.08 
9.55 
4.62 
2.84 
3.03 
0.62 

 
0.71 
1.84 

22.43 
4.23 
0.58 
0.35 
0.00 

 
0.36 
0.46 
8.62 
5.06 
0.12 
0.31 
0.00 

 
0.16 
1.07 
9.76 
4.77 
0.55 
0.28 
0.00 

MUFA 
Palmitoleic   
Oleic    
Gadoleic   

 
C16:1 
C18:1 
C20:1 

 
0.13 

26.39 
0.78 

 
0.96 

23.79 
0.15 

 
0.00 

21.55 
0.15 

 
0.00 

23.98 
0.12 

PUFA 
Linoleic   
Linolenic  

 
C18:2 
C18:3 

 
51.71 
0.25 

 
44.62 
0.34 

 
61.45 
1.92 

 
52.62 
6.69 

Total SFA* 20.74 30.14 14.93 16.59 
Total MUFA* 27.30 24.90 21.65 24.10 
Total PUFA* 51.96 44.96 63.37 59.31 
Total UFA* 79.26 69.86 85.07 83.41 
C18:2 : C18:1 1.96 1.88 2.85 2.19 
Cox value  5.64 4.91 6.96 7.10 
P/S index 2.51 1.49 4.24 3.58 

SFA= saturated fatty acids, MUFA= monounsaturated fatty acid, PUFA= polyunsaturated fatty acids, UFA= unsaturated 
fatty acids and P/S index= polyunsaturated fatty acid/ saturated fatty acids index. 

  
The major saturated fatty acids in all investigated oils was palmitic acid, which represented in 

22.43, 9.76, 9.55 and 8.62% for cottonseed, soybean, milk-thistle and sunflower, respectively, followed 
by stearic acid (5.06, 4.77, 4.62 and 4.23% for sunflower, soybean, milk-thistle and cottonseed oils, 
respectively. 

It is clear that in milk-thistle seed oil the main unsaturated fatty acid is linoleic and oleic as well 
as in cottonseed and sunflower oils, partially with the highest linolenic acid (6.69%) of soybean oil 
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(Table 4). Therefore, the milk-thistle seed oil may be used as well as the cottonseed and sunflower oils 
for a numerous human diets such as salad, cocking oils and for various industry applications.  

These results in harmony with that recorded by Harrabi et al. (2015), who found that linoleic acid 
in the milk thistle cultivars grown in Tunisia was predominant (59.98%) followed by oleic acid 
(21.26%), palmitic acid (12.74%), and stearic acid (3.24%), while higher than that in the milk thistle 
cultivars grown in Baku (34%) (Garaev et al., 2010).  

It should be noted that milk thistle seed oil is found to be certainly lower in linoleic acid with 
51.71% compared to the 64.4 % which recorded by Khan et al. (2007) in Pakistan for milk thistle and 
in between 48.26 % in Morocco (Alaoui Ismaili et al., 2016) and 53.3 % in Egypt (El-Mallah et al., 
2003). However, Iranian samples showed lower content of linoleic acid (45.36%), but higher content 
of oleic acid (31.58%) (Hasanloo et al., 2008), this difference may be due to the region and climate 
effect. These oils are similar other linoleic / oleic-type food oils: groundnut, cotton, olive (Labuschagne 
and Hugo, 2010; Nile and Park, 2013 and Gharby et al., 2013). 

Similar results obtained from four varieties of milk thistle seed oil studied by Fathi-Achachlouei 
and Azadmard-Damirchi (2009), who mentioned that linoleic acid (49.7-53.6%) was predominant 
followed by oleic acid (22.8-28.9%), palmitic acid (7.3-8.4%) and stearic acid (4.6-6.8%), whereas 
(PUFA) content (50–54%) and SFA (19–21%). These results are in agreement with those stated by 
Khalil-Mona et al. (2015), who discovered that oleic (23.32 %) and linoleic (51.62 %) were the main 
unsaturated fatty acids in milk-thistle seed oil, while palmatic (7.70 %) and stearic (8.99 %) were the 
predominant saturated fatty acids. Khalil (2008) also records similar results, which showed that 25.98 
% oleic, 31.5 % linoleic, 14.71 % palmatic, and 8.9 % stearic were showed in the seed oil of milk-
thistle. While partly consistent with those reported by Abd Raboh-Fatma (2012), who reported the 
predominant unsaturated fatty acids, were oleic (36.51%) followed by linoleic (28.88%), while palmatic 
(17.75%) followed by stearic (8.7%) as predominant saturated fatty acids. Linoleic acid is the most 
dominant and accounts for between 57.0 and 60.3%, while oleic acid accounts for between 15.5 and 
22.4% for three aboriginal Tunisian milk thistle seed oils (Meddeb et al., 2017). Mhamdi et al. (2016) 
showed that the predominance fatty acids in milk thistle seed oil were linoleic (50.5%) and oleic 
(30.2%) acids. Silybum marianum seed oils contained 54.71 and 52.78 % linoleic acid in two Iranian 
locations, while 28.54 and 30.42 % acids contained oleic acid (Nemati et al., 2017).  

The monounsaturated fatty acids (MUFA) amount was 21.72%, which is close to that of soybean 
oil (22%) and corn oil (26.5%) (Baylin et al., 2007). These data suggest that milk thistle seeds may 
serve as dietary sources of special MUFA, which have been associated with lowering the risk of 
cardiovascular diseases (Gerber, 1997). This is necessary from a nutritional point of view, as PUFA has 
been documented to influence cellular signaling, membrane structure, gene expression, prostaglandin 
biosynthesis, nervous, endocrine, and immune system mediation (Yehuda, 2001). It should be noted 
that the composition of fatty acids in milk thistle seed oil is equivalent to sunflower oil (Gunstone, 
(2000). 

Mc-Gandy and Egsted (1975) as well as Vergroesen and Gottenbos (1975) reported that a diet 
with high linoleic acid content and low contents of both oleic acid and saturated fatty acid are plays an 
important role in the prevention or inhibition of atherosclerotic disease by lowering the blood 
cholesterol effect.  

In addition, FAO/WHO (1977) reported that the high content of linoleic acid not only decreases 
the concentration of blood cholesterol but also significantly reduces the propensity of platelets. The 
extracted oil from milk thistle seed has been suggested as being suitable as edible oil (Hadolin et al., 
2001) and El-Mallah et al. (2003). This data suggested that these milk thistle seeds might potentially 
serve as natural new source of oil. 

The studied oil of milk thistle seed had high PUFA (51.96%) and low SFA (20.74%) contents. 
This is important from a nutritional point of view, in fact PUFA are indispensable dietary components 
in human body and they must be ingested as part of the diet. The high content of PUFA in milk thistle 
oil makes it useful for therapeutic purposes in coronary heart diseases. In fact, PUFA have been 
suggested to be beneficial in reducing the risk of certain chronic diseases, such as coronary heart 
disease, stroke, and rheumatoid arthritis (Calder, 2008). So, it can be reported that in cosmetic and 
pharmaceutical products, the use of this milk thistle seed oil has become increasingly popular. 
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6. Physical and chemical properties of milk-thistle seed oil comparing with edible oils of 
cottonseed, sunflower and soybean at zero time and after fast frying process:  

The physical and chemical characteristics of oils and fats play an important role and have shown 
their ability to apply to either the dietary sector or the industry. Some of them give a good indication of 
these products' quality. Some of the physical and chemical properties of milk-thistle, cottonseed, 
sunflower and soybean oils have been determined and the results obtained are tabulated in Table (5).  
 
7. Changes in the contents of refractive index, free fatty acid content and peroxide value in oils at 
zero time (A) and after fast frying process (B): 

The refractive index (R.I.) of oils and fats is an important characteristic due to the ease and speed 
at which it can be calculated precisely, the small quantity of appropriate quantity needed, and its 
relationship to the structure. It is useful for identification purposes and for the description of purity, as 
well as for the detection of reactions such as catalytic hydrogenation and isomerization (Swern, 1979; 
Hui, 1996 and O'Brien, 2004). The refractive index is a measure of the unsaturation of the oils. It is one 
of the parameters used to measure the oil quality. 

As shown in Table (5), the results showed that the initial refractive index (at 25 °C), at zero time 
(A), of the oil samples analyzed can be arranged in the following descending order (P< 0.05): sunflower 
oil (1.4737), soybean oil (1.4728), milk thistle oil (1.4656) and cottonseed oil (1.4618), which slightly 
similar significantly different (P< 0.05) decreased after fast frying process (B) to 1.4734, 1.4726, 1.4654 
and 1.4615; respectively. Similar finding was obtained by Nemati et al. (2017) who recorded that 
refractive index of milk thistle oils were 1.4651 and 1.4656 cultivated in two different regions of Iran, 
while higher than 1.4335 reported by Parry et al. (2006) cultivated in America. Generally, these results 
agree with the content of total polyunsaturated fatty acid (TPUFA) which showed that sunflower oil 
had the highest percentage (85.07%) followed by soybean oil (83.41%), milk thistle seed oil (79.26%) 
and cottonseed oil (69.86%), Table (4).  
 
Table 5: Physicochemical properties of the milk-thistle oil comparing with the edible oils of cottonseed, 

sunflower and soybean at zero time (A) and after fast frying process (B) 

Properties * 
Studied oils 

Milk-thistle 
oil 

Cottonseed oil Sunflower 
oil 

Soybean 
oil 

Refractive index at 
25°C 

A 1.4656c±0.0001 1.4618d±0.0001 1.4737a±0.0001 1.4728b±0.0001 
B 1.4654c±0.0001 1.4615d±0.0001 1.4734a±0.0001 1.4726b±0.0001 

Free fatty acids 
(FFA %) 

A 0.05d±0.01 0.24c±0.01 0.36b±0.02 0.53a±0.02 
B 1.26d±0.01 1.41c±0.02 1.95b±0.02 2.27a±0.02 

Peroxide value  
(meq. O2/ kg) 

A 1.27b±0.23 1.16b±0.13 1.41ab±0.21 1.65a±0.11 
B 2.68bc±0.20 2.53c±0.17 2.96b±0.25 3.48a±0.24 

Polar content  
(%) 

A 3.92b±0.14 3.89b±0.21 3.46c±0.15 4.72a±0.33 
B 4.74d±0.11 4.53c±0.14 4.97b±0.15 5.61a±0.18 

Polymer content 
(%) 

A 0.01a±0.01 0.02a±0.01 0.02a±0.01 0.03a±0.01 
B 0.29b ±0.04 0.22b±0.05 0.31b±0.06 0.47a±0.07 

Oxidized fatty acids 
content (%) 

A 0.03c±0.01 0.05b±0.01 0.04bc±0.01 0.08a±0.01 
B 0.26b±0.05 0.27b±0.07 0.31b±0.08 0.46a±0.08 

Oxidative stability 
(hr.) 

A 8.82b±0.12 9.14a±0.13 8.11c±0.12 7.32d±0.14 
B 8.22b±0.14 8.65a±0.11 6.93c±0.13 6.16d±0.12 

*Each value is an average of three determinations ± standard deviation. 
Each value followed by the same letter in Rows is not significantly different at P ≤ 0.05. 

 
Free fatty acid (FFA) is a significant index of oil deterioration. Data in Table (5) indicated that 

the lowest initial FFA content, as oleic acid of oils at zero time under this investigation were 0.05, 0.24, 
0.36 and 0.53 %; which increased similar significantly different (P< 0.05) after fast frying process (B) 
to 1.26, 1.41, 195 and 2.27 % for milk-thistle seed, cottonseed, sunflower and soybean oils, respectively. 
From the above results, it can be noticed that the lower acidity of milk-thistle seed oil indicates it's 
edible and might have a long shelf life (Arena et al., 2007 and Nyam et al., 2009). The difference in the 
FFA content, as oleic acid may be due to the degree of oil seeds ripening and the harvesting and storage 
conditions, as well as to conditions during processing e.g. extraction, neutralization, bleaching, 
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deodorization and winterization. On the other hand, similar findings were obtained by Mehanni (2006), 
Mehany (2007) and Meddeb et al. (2017). 

Generally, the fast frying process of oils under this study led to a slightly increase in the FFA 
content. The highest change in the FFA content, as oleic acid after limit frying period was shown for 
soybean oil (from 0.53 to 2.27%) followed by sunflower oil (from 0.36 to 1.95%) and cottonseed oil 
(from 0.24 to 1.41%), whereas the lowest changes was observed for milk-thistle seed oil (from 0.05 to 
1.26%).  

These increments are attributed to the highest content of polyunsaturated fatty acids in soybean 
oil. However, the decrement results may be due to the high content of oleic and palmitic acids. These 
fatty acids delay the hydrolysis of triglyceride (Gopala et al., 2005).  

Determination of peroxide value can give an idea about the primary oxidation of oil. Primary 
lipid oxidation was measured by peroxide value (PV). So, the more of PV, means the more rate of 
oxidation of oil (Atinafu and Bedemo, 2011). Table (5) shows the peroxide values of milk-thistle seed, 
cottonseed, sunflower and soybean oils at zero time and after fast frying process at 180ºC ± 5ºC for 40 
min. Results in Table (5) revealed that the initial peroxide values, at zero time, were 1.27, 1.16, 1.41 
and 1.65 meq. O2/kg oil in milk-thistle seed, cottonseed, sunflower and soybean oils, respectively. These 
results are in accordance with those reported by Khan et al. (2007) and Ahmad et al. (2007) for milk-
thistle seed oil. The results indicated also that the P.V. of oil samples used in this study was below the 
permissible limits of 10 milliequivalent of O2/kg oil, Codex (2004). So, the peroxide values of the oils 
at zero time were very low which indicate the high quality of the oils used in this study.  

The peroxide values for the fried oil were similar slightly increased (P< 0.05) after fast frying 
process for all oil samples. Soybean oil had the significantly (P< 0.05) highest change of peroxide value 
which was increased from 1.65 to 3.48 meq.O2/kg oil after frying time (40 min), followed by (from 1.41 
to 2.96 and from 1.27 to 2.68 meq.O2/kg oil) for sunflower and milk-thistle seed oils, respectively; 
whereas the significantly (P< 0.05) lowest change of peroxide value was recorded increased from 1.16 
to 2.53 meq.O2/kg oil for cottonseed oil. The heating during of fast frying processes, the P.V increases, 
but it's rapidly breakdown at high temperature, so P.V. is not relying in correlation during the oil 
deterioration (Myat et al., 2009). 

 
8. Changes in the polar, polymer and oxidized fatty acids contents (%) in oils at zero time (A) and 
after fast frying process (B):  

The polar compounds is good indicator of the overall quality of frying oils, providing critical 
information about the total amount of newly formed compounds having higher polarity than 
triacylglycerols. Total polar compounds (TPC) are defined as the sum of materials that are not 
triglycerids (Blumenthal, 1991). Therefore, TPC in fresh fried oil include tocopherols, mono and 
diglyceride, FFAs and other oil soluble components that are more polarity than triglycerides.  

Table (5) shows the polar compounds of oils at zero time and after fast frying process at 180ºC ± 
5ºC for 40 min. The recorded data are represented in Table (5) indicated that the initial polar content of 
soybean oil was the significantly (P< 0.05) highest content (4.72%), followed by milk-thistle, 
cottonseed and sunflower oils (3.92, 3.89 and 3.46%, respectively), reflecting the good quality of oil 
used, as TPC content of unused oils normally ranges between 0.4% and 6.4% (Lumley, 1988).  

Table (5) illustrated that the fast frying process was caused similar (P< 0.05) slightly increased 
in the polar compounds content and in line with the limit frying time. Soybean oil had the highest (P< 
0.05) limit change value of polar compounds which was (from 4.72 to 5.61 %) after frying time (40 
min) followed by sunflower oil (from 3.46 to 4.97 %) and milk-thistle oil (from 3.92 to 4.74 %), whereas 
the lowest (P< 0.05) limit change value of polar compounds was observed from 3.89 to 4.53 % for 
cotton seed oil. Stier (2013) mentioned that thermal oxidation was occurred during frying, so estimation 
of TPC is important indicator for oil degradation. Its maximum acceptable value was 25-27% in the 
most European countries (Abdulkarim et al., 2007). 

Polymers accelerate further degradation of the oil, consequently, occurred increments in the oil 
viscosity (Tseng et al., 1996). The changes in the polymer content of milk-thistle, cottonseed, sunflower 
and soybean oils initial and after fast frying process at 180ºC ± 5ºC are shown in Table (5). 

The initial polymer contents of milk-thistle, cottonseed, sunflower and soybean oils were 0.01, 
0.02, 0.02 and 0.03%, respectively. These values were similar slightly increased (P< 0.05) after frying 
time (40 min) except for soybean oil which had the higher (P< 0.05) value of polymer content (0.47%). 
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Sonia and Badereldeen (1983) revealed that the amount of polymeric and oxidized glycerides increased 
by increasing the frying or heating time of cotton-seed oil through frying. Lumley (1988) reported that 
the more unsaturated, the greater tendency to form polymeric products. Yoon et al. (1988) mentioned 
that oxidized polymer compounds accelerated the oxidation of oil.  

Frega et al. (1999) demonstrated that free fatty acids and their oxidized compounds produced off-
flavor and make the oil less acceptable for deep-fat frying. Data in Table (5) demonstrated the oxidized 
fatty acids of milk-thistle, cottonseed, sunflower and soybean oils at initial and after frying process 
period at 180ºC ± 5ºC. The initial oxidized fatty acid contents of milk-thistle, cottonseed, sunflower and 
soybean oils were 0.17, 0.25, 0.19 and 0.21%, which increased after the frying time to 0.26, 0.37, 0.31 
and 0.36, respectively. However, poor correlation of FFA with total polar materials and polymer has 
been reported for frying oil (Gertz, 2000). 

 
9. Changes in the oxidative stability in oils at zero time (A) and after fast frying process (B):  

The oxidative stability is affected by several factors including the content of saturated and 
unsaturated fatty acids (Marmesat et al., 2012) and antioxidants compounds (Lante and Friso, 2013) in 
the oil samples. The fatty acid profile of oils is generally recognized as the most decisive parameter 
influencing the oxidation stability of oils (De Leonardis and Macciola, 2012). The estimation of 
oxidative stability using Rancimat is an easy and widely used method in analytical laboratories. Table 
(5) shows the changes of oxidative stability of under study oils before and after fast frying process 
180ºC ± 5ºC for 40 min which measured by Rancimat method at 100ºC ± 2ºC. The data in Table (5) 
indicated that the milk-thistle oil was had oxidative stability significantly (P< 0.05) higher than 
sunflower and soybean oils, while it's slightly lower than cottonseed oil. The initial oxidative stabilities 
of milk-thistle, cottonseed, sunflower and soybean oils were 8.82, 9.14, 8.11 and 7.32 hr, respectively; 
whereas that oil stability was gradually similar slightly decreased (P< 0.05) after fast frying process to 
8.22, 8.65, 6.93 and 6.16 hr, respectively. Fast frying process was caused similar slightly significantly 
(P< 0.05) decreased of oxidative stability in all oil samples under study. In addition, some authors have 
pointed out that the stability of high oleic sunflower oil is influenced by the fatty acid content rather 
than by the tocopherol isomeric composition (Aladedunye and Przybylski, 2013).  
 
10. Sensory evaluation of potato chips fried on milk thistle seed oil compared with edible oils of 
cottonseed, sunflower and soybean:  
Organoleptic properties of potato chips fried in milk thistle seed oil compared with edible oils of 
cottonseed, sunflower and soybean after fast frying process are illustrated in Table (6).  
 
Table 6: Organoleptic characteristics of potato chips fried with different oils of milk thistle seed, 

cottonseed, sunflower and soybean 
Parameters 
score value (10) 

Type of fry oil 
Milk-thistle 

oil 
Cottonseed oil Sunflower 

oil 
Soybean 

oil 
Taste    9.1a ±0.9 8.9a   ±0.9 8.9a ± 0.9 8.7a ±0.8 
Color    9.1a ±0.6 8.5ab  ± 1.1 8.6ab   ± 0.8 7.8b   ± 1.3 
Flavor   8.8a ± 0.6 8.4a    ± 1.2 8.4a ± 0.9 8.3a ± 1.1 
Texture  8.9a ± 0.8 8.6a   ±0.9 8.7a ± 0.8 8.6a ± 0.9 
Appearance  9.2a ± 0.6 8.8ab  ± 0.7 8.8ab ± 0.7 8.3b ± 0.8 
Overall acceptability  9.3a ± 0.7 8.6ab  ± 0.7 8.6ab ± 0.7 8.2b ± 0.9 

Each value is an average of determinations ± standard deviation. 
Each value followed by the same letter in Rows are not significantly different at P ≤ 0.05. 

 
Table (6) showed that there are a no significantly (p< 0.05) difference in ten score values of taste, 

flavor and texture among all oils under study, while there are significantly (p< 0.05) difference in ten 
score values of color, appearance and overall acceptability between potato chips fried with milk-thistle 
and soybean oils, whereas the potato chips fried with cottonseed and sunflower oils in ten score values 
of color, appearance and overall acceptability between potato chips fried with milk-thistle and soybean 
oils at significantly (p< 0.05). These differences may be due to the darkening appearance of potato chips 
related to low oil antioxidant contents with a sugar caramelization and the reactions of Maillard between 
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sugars and amino acids (Alobo, 2001). Generally, all potato chips fried with all oils under study are 
acceptable for the sensory evaluation. This panelist's score revealed that the potato chips fried with 
milk-thistle oil are in harmony with that fried with the edible oils of cottonseed, sunflower and soybean 
by our fast frying process. 

 
Conclusions 

This research has shown that wild milk thistle seeds in Egypt are a rich source of many essential 
nutrients that appear to have a very beneficial effect on human health. Similarly, phenolics and 
flavonoids are rich in antioxidant activity and can provide a high level of oxidative stress protection. 
The results showed that milk thistle seeds are high in oil content and may be an attractive candidate for 
use in food preparation as a by-product for the production of silymarin. Milk thistle oil is a rich source 
of unsaturated fatty acids with potential beneficial therapeutic activities. Therefore, this research 
revealed the need for botany studies on the capability of large-scale cultivation of milk thistle plant as 
a crop oil as well as sunflower crop oil in Egypt. 
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