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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 ICsy 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.

Keywords: Antioxidant activity, milk thistle seed oil, fatty acid composition, linoleic: oleic
ratio, Cox value, P / S index, oxidative stability, fast frying. .

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 ef 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., 2013Db).

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 0il (20-30%) (Abu-Jadayil et al., 1999;
Abu-Rajouh and Takruri, 2000; Hadolin et ., 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 ef 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 ef 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 Dominguez ef 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 ef 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 DPPHe 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 C;s-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 25°C, free fatty acids (FFA) (% as oleic acid) and peroxide value (meq. O,
/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 Alower 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 (gcm3) 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 ez 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 a/., 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 ef 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 lipoprotein) 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
Qil 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 g, 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
(ICs50=39ug/ml) but a lower reducing power ability.

Table 3: Antioxidant activity percentage using DPPH scavenging ability of methanolic extracts of milk
thistle seed

Methanolic Inhibition % of DPPH ICs0o mg/ml
Extract Type% 50ppm 100ppm 200ppm 400ppm

80 78.10°+0.33 89.73+0.37 90.72°+0.43 91.94*+0.40 0.024

60 68.56"+0.64 81.76°+0.41 87.65°+0.48 88.12°+0.09 0.027

40 58.07°+0.45 62.12°+0.59 75.41°+0.79 82.64°+0.90 0.035

20 48.199+0.68 53.439+0.46 55.359+0.83d 57.899+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 ICso value (mg / ml) is the sample concentration at which the scavenging activity is 50%
(Min-Sheng Su et al., 2008). ICso 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 ICs (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 ICso.

Pendry et al. (2005) recorded 0.025 mg / ml of milk thistle ICso 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 ICso values as follows:

Group (A) showed strong scavenging capacity (ICso < 1 mg/ml)

Group (B) showed moderate scavenging capacity (ICsp > 1 and < 2 mg/ml)

Group (C) showed weak scavenging capacity (ICso > 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
(TMUPFA) 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)
Studied oils

Fatty acids % Symbols  Vrilk thistle oil _Cottonseed oil _ Sunflower oil __ Soybean oil
SFA

Laueric acid C12:0 0.00 0.71 0.36 0.16
Myristic acid C14:0 0.08 1.84 0.46 1.07
Palmitic acid C16:0 9.55 22.43 8.62 9.76
Stearic acid C18:0 4.62 423 5.06 4.77
Arachidic acid C20:0 2.84 0.58 0.12 0.55
Behenic acid C22:0 3.03 0.35 0.31 0.28
Lignoceric C24:0 0.62 0.00 0.00 0.00
MUFA

Palmitoleic C16:1 0.13 0.96 0.00 0.00
Oleic C18:1 26.39 23.79 21.55 23.98
Gadoleic C20:1 0.78 0.15 0.15 0.12
PUFA

Linoleic C18:2 51.71 44.62 61.45 52.62
Linolenic C18:3 0.25 0.34 1.92 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 a/. (2007) in Pakistan for milk thistle and
in between 48.26 % in Morocco (Alaoui Ismaili ef al., 2016) and 53.3 % in Egypt (El-Mallah ef 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 a/., 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
o0il (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 ef 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)
Studied oils

Properties *

Milk-thistle
oil

Cottonseed oil

Sunflower
oil

Soybean
oil

Refractive index at A 1.4656°+0.0001 1.46189+0.0001 1.4737°+0.0001 1.4728°+0.0001
25°C B 1.4654°+0.0001 1.4615£0.0001 1.4734°+0.0001 1.4726°+0.0001
Free fatty acids A 0.05%+0.01 0.24°+£0.01 0.36*+0.02 0.53%+0.02
(FFA %) B 1.26%+0.01 1.41°+0.02 1.95*+0.02 2.27°+0.02
Peroxide value A 1.27°+0.23 1.16*+0.13 1.41%40.21 1.65°+0.11
(meq. O2/ kg) B 2.68*+0.20 2.53°+0.17 2.96"+0.25 3.48°+0.24
Polar content A 3.92°+0.14 3.89°+0.21 3.46°+0.15 4.72°+0.33
(%) B 4.74%0.11 4.53°£0.14 4.97°+0.15 5.61°+0.18
Polymer content A 0.01*+0.01 0.02°+0.01 0.02°+0.01 0.03%+0.01
(%) B 0.29°+0.04 0.22+0.05 0.31°+0.06 0.47°+0.07
Oxidized fatty acids A 0.03°+0.01 0.05+0.01 0.04%+0.01 0.08%+0.01
content (%) B 0.26+0.05 0.27°+0.07 0.31*+0.08 0.46°+0.08
Oxidative stability A 8.82°+0.12 9.14*+0.13 8.11°+0.12 7.329+0.14
(hr.) B 8.22°+0.14 8.65°+0.11 6.93°+0.13 6.169+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 er 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 ef 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 180°C £ 5°C 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. O,/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 ef 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 O,/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.O./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 180°C +
5°C 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 180°C + 5°C 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 180°C + 5°C. 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
180°C = 5°C for 40 min which measured by Rancimat method at 100°C + 2°C. 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 Type of fry oil
score value (10) Milk-thistle Cottonseed oil Sunflower Soybean
oil oil oil
Taste 9.12+0.9 8.9° +0.9 8.92+0.9 8.7* +0.8
Color 9.1* +0.6 8.5% £ 1.1 8.6 +0.8 7.8 £1.3
Flavor 8.8+ 0.6 84* +£1.2 8.4°+£0.9 83*+1.1
Texture 8.9°+ 0.8 8.6° +0.9 8.7°£0.8 8.6°+0.9
Appearance 9.2¢+0.6 8.8 +£0.7 8.8 + (.7 8.3"+0.8
Overall acceptability 9.32+0.7 8.6 +£0.7 8.6% +0.7 82+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

1209



Middle East J. Appl. Sci., 9(4): 1198-1214, 2019
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2019.9.4.32

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.

References

A.0.A.C., 2005. Official Methods of Analysis of the Association of Official Agriculture Chemists.
Oftficial Methods of Analysis of 18" edn (edited by W. Howitz). Washington, D.C. USA.

Abd Raboh-Fatma, F., 2012. Chemical Studies on Milk Thistle Seed as a Novel Source of Human Food
ph.D. Thesis, Fac. of Agric., Tanta Univ., Egypt.

Abdulkarim, S., K. Long, O. Lai, S. Muhammad, and H. Ghazali, 2007. Frying quality and stability of
high-oleic Moringa oleifera seed oil in comparison with other vegetable oils. Food Chem.
105:1382-1389.

Abenavoli, L. and N. Milic, 2017. Liver Pathophysiology Therapies and Antioxidants, chapter 45-
silymarin for Liver Disease. Science Direct, p. 621-631.

Abenavoli L, Capasso R, Milic N and Capasso F., 2010. Milk thistle in liver diseases: past, present,
future. Phytother Res, 24(10): 1423-1432.

Abu-Jadayil, S., S.K. Tukan and H.R. Takruri, 1999. Bioavailability of iron from four different local
food plants in Jordan. Plant Food Hum. Nutr., 54: 285-294.

Abu-Rajouh, K.S. and H.R. Takruri, 2000. Studying the nutritional value of milk thistle seeds. Arab J.
Food and Nutr., 2 : 31-47.

Ahmad, T., S. Atta, I. Ullah, A. Zeb, S.A. Nagra, and S. Perveen, 2007. Characteristics of Silybum
marianum as a potential source of dietary oil and protein. Pak. J. Sci. Ind. Res. 2007, 50, 36—40.

Aladedunye, F. and R. Przybylski, 2013. Frying stability of high oleic sunflower oils as affected by
composition of tocopherol isomers and linoleic acid content. Food Chem 141:2373-2378

Alaoui Ismaili S., H. Harhar, S. Gharby, H. Bourazmi, M. Tabyaoui, S. Kitane, M. Alaoui El Belghiti,
and Z. Charrouf, 2016. Chemical composition of two non-conventional oils in Morocco: Melia
azadirachta and Silybum marianum (L.) J. Mater. Environ. Sci. 7 (6): 2208-2213

Alemardan, A., A. Karkanis, and R. Salehi, 2013a. Breeding objectives and selection criteria for milk
thistle [Silybum marianum (L.) Gaertn.] improvement. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 41: 340-347.

Alemardan, A., W. Asadi, M. Rezaei, L. Tabrizi, and S. Mohammadi, 2013b. Cultivation of Iranian
seedless barberry (Berberis integerrima ‘Bidaneh’). A medicinal shrub. Ind. Crops Prod., 50:
276-287.

Al-Ismail, K., S.M. Herzallah and A.S. Rustom, 2007. Antioxidant activities of some edible wild
Mediterranean plants. Italian J. Food Science, 19 (3): 287 — 296.

Alobo, A.P., 2001. Effect of sesame seed flour on millet biscuit characteristics. Plant Foods for Human
Nutrition, 56: 195-202.

Amarowicz, R., I. Estrella, T. Hernandez, and A. Troszy” nska, 2008. Antioxidant activity of extract of
adzuki bean and its fractions. J. Food Lipid., 15: 119-136.

Andrzejewska, J., T. Martinelli, and K. Sadowska, 2015. Silybum marianum: Non-medical exploitation
of the species. Annals of Applied Biology, 167: 285-297.

1210



Middle East J. Appl. Sci., 9(4): 1198-1214, 2019
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2019.9.4.32

Andrzejewska, J., K. Sadowska, and S. Mielcarek, 2011. Effect of sowing date and rate on the yield
and flavonolignan content of the fruits of milk thistle (Silybum marianum L. Gaertn.) grown on
light soil in a moderate climate. Industrial Crops and Products, 33: 462—468.

Arena, E., S. Campisi, B. Fallico and E. Maccarone, 2007. Distribution of fatty acids and phytosterols
as a criterion to discriminate geographic origin of pistachio seeds. Food Chem., 104: 403-408.

Arnao, M.B., 2000. Some methodological problems in thedetermination of antioxidant activity using
chromogenradicals: a practical case. Trends Food Science and Technology 11: 419-421

Atinafu D.G. and B. Bedemo, 2011. . Estimation of total free fatty acid and cholesterol content in some
commercial edible oils in Ethiopia, Bahir DAR. Journal of Cereals Oilseeds, 2: 71-76.

Atta, M.B. and K. Imaizumi, 2002. Some characteristics of crude oil extracted from Roselle (Hibiscus
sabdariffa L.) seeds cultivated in Egypt. J. Oleo Sci., 51: 457-461.

Badar, Heba, M. H., 2005. Effect of Natural Antioxidant Extracted from Some Plants on Oxidative
Stability and Sensory Evaluation of Fats Containing Foods. M. Sc. Thesis. Fac. Agric., Tanta
Univ., Egypt

Barreto J.F.A., S.N. Wallace, D.J. Carrier and E.C. Clausen, 2003. Extraction of Nutraceuticals from
milk thistle 1. Hot water extraction. Appl. Biochem. Biotech., 105: 881-889.

Baylin A., X. Siles, A. Donovan-Palmer, X. Fernandez and H. Ampos, 2007. Fatty acid composition of
Costa Rican foods including trans fatty acid content. J. Food Compos. Anal., 20: 182-192.
Blumenthal, M.M., 1991. . A new look at the chemistry and physics of deep fat frying. Food Technol.

45:68.

Calder P.C., 2008. Polyunsaturated fatty acids, inflammatory processes and inflammatory bowel
diseases. Mol. Nutr. Food Res., 52: 885-897.

Codex, 2004. Food chemicals codex/committee on food chemical codex, food and nutrition board (5th
ed). - The National Academic Press, Washington, D.C.

Dabbour, I.LR., K.M. Al-Ismail, H.R. Takruri and F.S. Azzeh, 2014. Chemical Characteristics and
Antioxidant Content Properties of Cold Pressed Seed Oil of Wild Milk Thistle Plant Grown in
Jordan Pakistan Journal of Nutrition, 13 (2): 67-78, 2014

Das S.K., S. Mukherjee and D.M. Vasudevan, 2008. Medicinal properties of milk thistle with special
reference to silymarin: An overview. Natural Product Rad.,7: 182-192.

De Leonardis, A. and V. Macciola, 2012. Heat-oxidation stability of palm oil blended with extra virgin
olive oil. Food Chem 135:1769-1776.

Dobarganes, M.C., M.C. Perez-Camino, and G. Marquez-Ruiz, 1988. High performance size exclusion
chromatography of polar compounds in heated and non heated fats. Fat Sci. Technol., 90: 308-
311

Dominguez, M.T., P. Madejon, E. Madejon, and M.J. Diaz, 2017. Novel energy crops for Mediterranean
contaminated lands: Valorization of Dittrichia viscosa and Silybum marianum biomass by
pyrolysis. Chemo-sphere, 186: 968-976.

Duncan, J.L., T.S. Aleman, L.M. Gardner, E. De Castro, D.A. Marks, J.M. Emmons, M.L. Bieber, J.D.
Steinberg, J. Bennett and S.G. Jacobson, 2002. Macular pigment and lutein supplementation in
choroideremia. Expremental Eye Resaerch, 74: 371-381.

El-haak, M.A., B.M. Atta, F. Fatma, and A. Rabo, 2015. Seed yield and important seed constituents for
naturally and cultivated milk thistle plants. Egypt. J. Exp. Biol. (Bot.). 11(2):141- 146.

El-Mallah, M.H., S.M. El-Shami and M.M. Hassanein, 2003. Detailed studies on some lipids of Silybum
marianum (L.) seed oil. Grasas-y-Aceites, 54:397-402

El-Raie, A.E., H.E. Hassan, A.A. Abd El- Rahman and Y.B. Abd El-Hady, 2004. A laser optical method
for measuring some physical properties and inference surface area equation of faba bean. Misr J.
Ag. Eng., 4 (1): 25-40

FAO/WHO, 1977. The role of fat in the prevention and treatment of cardiovascular disease, obesity and
diabetes mellitus. Rome, 21-30 September.

Falleh, H., R. Ksouri, K. Chaieb, N. Karray-Bouraoui, N. Trabelsi, M. Boulaaba and C. Abdelly, 2008.
Phenolic composition of Cynara cardunculus L. organs, and their biological activities. CR
Biologies, 331: 372-379.

Farhoosh, R., 2007. The effect of operational parameters of the Rancimat method on the determination
of the oxidation stability measures and shelf-life prediction of soybean oil. Journal of the
American Oil Chemists Society, 84(3): 205-209.

1211



Middle East J. Appl. Sci., 9(4): 1198-1214, 2019
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2019.9.4.32

Fathi A.B., and D.S. Azadmard, 2009. Milk thistle seed oil constituents from different varieties grown
in Iran. Journal of American Oil Chemistry Society, 86(7): 643-649.

Freedman, N.D., T.M. Curto, C. Morishima, L.B. Seeff, Z.D. Goodman, E.C. Wright, R. Sinha, J.E.
Everhart, and HALT-C Trial Group, 2011. Silymarin use and liver disease progression in the
Hepaititis C antiviral long-term treatment against cirrhosis trial. Aliment. Pharmacol. Ther., 33:
127-137

Frega, N., M. Mozzon, and G. Lercker, 1999. Effects of Free Fatty Acids on Oxidative Stability of
Vegetable Oil. J. Am. Oil Chem. Soc., 76 (3): 325-329.

Garaev E.A., 1.S. Movsumov and F.Y. Gazizov, 2010. Neutral lipids from Silybum marianum seeds.
Chem. Nat. Compd., 46: 629-630.

Gecgel, U., M. Demirci, E. Esendal, and M. Tasan, 2007. Fatty acid composition of the oil from
developing seeds of different varieties of safflower (Carthamus tinctorius L.). J. Am. Oil Chem.
Soc., 84:47-54.

Gerber M., 1997. Olive oil, monounsaturated fatty acids and cancer. Cancer Lett., 114: 91 92.

Gertz, C., 2000. Chemical and physical parameters as quality indicators of used frying fats. European
journal of Lipid Science and Technology, 102: 566- 572.

Gharby S., H. Harhar, B. Kartah, I. Chafchauni, Z. Sibawayh, and Z. Charrouf, 2013. Chemical
Characterization and oxidative stability of two monovarietal virgin olive oils (Moroccan
Picholine and Arbequina) grown in Morocco J. Mater. Environ. Sci. 4 (6): 935-942

Ghasemi, K., Y. Ghasemi and M.A. Ebrahimzade, 2009. Antioxidant activity, phenol and flavonoid
contents of 13 citrus species peels and tissues. Pakistanian J Pharmacological Science, 22: 277-
281.

Ghavami, N. and A.A. Ramin, 2008. Grain yield and active substances of milk thistle as affected by
soil salinity. Communications in Soil Science and Plant Analysis, 39: 2608-2618.

Gopala, K., S. Khatoon and R. Babylatha, 2005. Frying performance of processed rice bran oils. Journal
of Food Lipids, 12: 1-11.

Gunstone F.D., 2000. Composition and properties of edible oils. In: Hamm W, Hamilton RJ (eds) Edible
oil processing. Sheffield Academic Press, Sheffield, England, 1-33

Hadolin M., M. Skerget, Z. Knez and D. Bauman, 2001. . High pressure extraction of vitamin E-rich
oil from Silybum marianum. Food Chem., 74:355-364

Harrabi, S., H. Romdhane, M. Daassa, and H. Fellah, 2015. Fatty acid and triacylglycerol composition
of milk thistle seeds growing wild in Tunisia (Silybum marianum L) Acta Alimentaria, 44 (2):
304-310.

Harrabi S., S. Curtis, F. Hayet and P.M. Mayer, 2016. Changes in the sterol compositions of milk thistle
oil (Silybium marianum L.) during seed maturation. Grasas Aceites, 67 (1): 3495

Hasanloo T., M. Bahmanei, R. Sepehrifar, and F. Kalantari, 2008. Determination of tocopherols and
fatty acids in seeds of Silybum marianum L. Gaerth. J. Med. Plants, 7: 69—76.

Hlangothia D., F. Abdel-Rahman, T. Nguyen, K. Anthony and M.A. Saleh, 2016. Distribution of
Silymarin in the Fruit of Silybum marianum L.,Pharmaceutica Analytica Acta. 7 (11).

Hui, Y.H., 1996. Bailey's industrial oil and fat products. (5th ed.) Vol. 2. Edible oil and fat products,
oils and oilseeds. -John Wiley and Sons Inc. New York.

Jacobs, B.P., C. Dennehy, G. Ramirez and V.A. Lawrence, 2002. . Milk thistle for the treatment of liver
disease: A systematic review and meta-analysis. Am. J. Med., 113(6): 506-515.

Jindal, K.K., and R.N. Singh, 1975. Phenolic content in male and female Carica papaya: A possible
physiological marker for sex identification of vegetative seedlings. Physiol. Plant., 33:104-107.

Kapoor, H., and C. Kaur, 2002. Antioxidant activity and total phenolic content of some Asian
vegetables. Inter. J Food Sci. Technol., 37:153-161.

Khalil, J.A., 2008. Biochemical studies on Milk thistle (Silybum marianum). M Sc., Thesis, Fac. Agric.,
Cairo Univ., Egypt.

Khalil-Mona, M., M.A. Abouraya, Y. Ibrahim Faten, E.A. Abdelrasool, and E. Abdelall Eentsar, 2015.
Chemical and technological studies on some medical plants. J. Food and Dairy Sci., 6(2):119—
136.

Khan, 1., H.U. Khattak and I. Ullah, 2007. Study of the physicochemical properties of Silybum
marianum seed oil, Jour. Chem.Soc. Pak., 29 (6): 545-548.

1212



Middle East J. Appl. Sci., 9(4): 1198-1214, 2019
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2019.9.4.32

Kim, D.O., S.W. Jeong and C.Y. Lee, 2003. Antioxidant capacity of capacity of phenoliic
phytochemicals from various cultivars of plum. Food Chemistry, 81:321-326.

Kren, V. and D. Walterova, 2005. Silibin and silymarin — New effects and applications. Biomed. Pap.,
149: 2941

Labuschagne, M.T. and A. Hugo, 2010. Oil Content and Fatty Acid Composition of Cactus Pear Seed
Compared With Cotton and Grape Seed Journal of Food Biochemistry, 34 : 93—-100.

Lante, A. and D. Friso, 2013. Oxidative stability and rheological properties of nanoemulsions
with ultrasonic extracted green tea infusion. Food Res Int 54:269-276

Li, F, L. Yang, T. Zhao, J. Zhao, Y. Zou, Y. Zou and X. Wu, 2012. Optimization of enzymatic pre-
treatment for n-hexaneextraction of oil from Silybum marianum seeds usingresponse surface
methodology. Food and Bioproducts Processing, 90: 87-94

Lumley 1., 1988. Polar compounds in heated oils. Fry. Food Princ. Changes New Approaches, 12:166—
173.

Malekzadeh, M., [.S. Mirmazloum, H.R. Anguorani, S.N. Mortazavi and M. Panahi, 2011. The
physicochemical properties and oil constituents of milk thistle (Silybum marianum Gaertn. cv.
Budakalaszi) under drought stress. Journal of Medicinal Plants Research, 5(8): 1485-1488.

Marmesat, S., A. Morales, J. Velasco and M.C. Dobarganes, 2012. Influence of fatty acid composition
on chemical changes in blends of sunflower oils during thermoxidation and frying. Food Chem
135:2333-2339

Matthaus, B. and M.M. Ozcan, 2006. Quantitation of fatty acids, sterols, and tocopherols in turpentine
(Pistacia terebinthus Chia) growing wild in Turkey. J. Agric. Food Chem., 54, 7667-7671.

Mc-Gandy, R.B. and H. Egsted, 1975. The role of fats in human nutrition. Academic Press London,
211-230.

Meddeb, W., L. Rezig, M. Abderrabba, G. Lizard and M. Mejri, 2017. Tunisian Milk Thistle: An
Investigation of the Chemical Composition and the Characterization of Its Cold-Pressed Seed
Oils Int. J. Mol. Sci., 18, 2582; doi:10.3390/ijms 18122582

Mehanni A.E., 2006. Chemical and technological studies on some vegetable oils. M.Sc. Thesis, Food
Sci. Dept. Fact of Agric. Minia University, Minia, Egypt.

Mehany, S.S., 2007. Chemical and Technological studies on sunflower oil. M.Sc. Thesis, Food Sci.
Dept. Fac. of Agric. Minia University, Minia, Egypt.

Mhamdi B., F. Abbassi, A. Smaoui, C. Abdelly and B. Marzouk, 2016. Fatty acids, essential oil and
phenolics composition of Silybum marianum seeds and their antioxidant activities Pak. J. Pharm.
Sci., 29 (3), 951-959

Min-Sheng, Su., S. Yuan-Tay and C. Po-Jung, 2008. Antioxidant activities of citrus herbal product
extracts. Food Chemistry111: 892-896.

Montemurro P., M. Fracchiolla and A. Lonigro, 2007. Effects of some environmental factors on seed
germination and spreading potential of Silybum marianum Gaertener. Ital.J Agron., 3: 315-320

Myat, M.W., S.M. Abdulkarim, H.M. Ghazali and K. Roselina, 2009. Physicochemical and sensory
characteristics of palm olein and peanut oil blends. Journal of Food, Agriculture and
Environmental, 7: 175-181.

Nemati Z., E. Talebi, I. Nasrollahi, and M. Khosravinezhad, 2017. Physicochemical Properties of
Silybum Marianum Seed Oil in Two Different Regions of Iran I. J. of New Techn. and Res.
(IINTR), 3 (2): 37-40.

Nile S.H. and S.W. Park, 2013. Fatty Acid Composition and Antioxidant Activity of Groundnut
(Arachis hypogaea L.) Products. Food Sci. Technol. Res., 19(6) : 957 — 962,

Nothlings, U., S.P. Murphy, L.R. Wilkens, B.E. Handerson and L.N. Kolonel, 2007. Flavonols and
pancreatic cancer risk: the multiethnic cohort study. American J Epidemiology 166: 924-931

Nyam, K.L., C.P. Tan, O.M. Lai, K. Long and Y.B. Che Man, 2009. Physicochemical properties and
bioactive compounds of selected seed oil. Food Sci.Technol. LEB, 42: 1396-1403.

Nyiredy, S., Z. Szucs, S. Antus and Z. Samu, 2008. . New components from Silybum Marianum L.
Fruits: A theory comes true. Chromatographia, 68: 5-11.

O'Brien R.D., 2004. Raw Materials, In: Fats and oils. CRC Press LLC, New York, Washington, D.C.

Okwu, D.E. and M.E. Okwu, 2004. Chemical composition of Spondia mombin plants. J Sustain. Agri.
Environ., 6: 140.

1213



Middle East J. Appl. Sci., 9(4): 1198-1214, 2019
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2019.9.4.32

Parry J.W., 2006. Value-adding Factors in Cold-pressed Edible Seed Oils and Flours. Ph D Thesis,
Faculty of the Graduate School, University of Maryland,

Parry J.W., Z. Hao, M. Luther, L. Su, K. Zhou and L.L. Yu, 2006. Characterization of cold-pressed
Onion, Parsley, Cardamom, Mullein, Roasted Pumpkin and Milk thistle seed oils. J. Am. Oil
Chem., 83: 847-854.

Parry J.W., L. Su, M. Luther, K. Zhou, M.P. Yourawecz, P. Whittaker and L. Yu, 2005. Fatty acid
composition and Antioxidant properties of cold-pressed marionberry, Boysenberry, Red
Raspberry and Blueberry Seed oils. J. Agr. Food Chem., 53: 566-573.

Pendry B., K. Busia and C.M. Bell, 2005. Phytochemical evaluation of selected antioxidant containing
medicinal plants for use in the preparation of herbal formula- A preliminary study. Chem.
Biodiver., 2: 917-922.

Plosch T., J.K. Kruit, V.W. Bloks, N.C. Huijkman, R. Havinga, G.S. Duchateau, Y. Lin and F. Kuipers,
2006. Reduction of cholesterol absorption by dietary plant sterols and stanols in mice is
independent of the Abcg5/8 transporter. J. Nutr., 136:2135-2140.

Rafieian-Kopaei, M., A. Baradaran and M. Rafieian, 2013. Oxidative stress and the paradoxical effects
of antioxidants. J. Res. Med. Sci., 18:629.

Shaker, E., H. Mahmoud and S. Mnaa, 2010. Silymarin, the antioxidant components and Silybum
marianum extracts prevent liver damage. Food Chem. Toxicol., 48: 803-806.

Smith, T., K. Kawa, V. Eckl, C. Morton, and R. Stredney, 2017. Herbal supplement sales in US increase
7.7% in 2016. HerbalGram, 115: 56-65.

Sindel, B.M., 1991. A review of the ecology and control of thistles in Australia. Weed Res., 31: 189-
201.

Sonia, Z.E. and A.E. Badereldeen, 1983. Changes of cotton-seed oil during deep fat frying of food.
Larivista Italiana Delle Sostanze Grasse. Vol. IX: 73.

Swern D., 1979. Bailey's industrial oils and fats (Vol. 1, 4 Ed.). John Wiley and Sons, Inc. London

The plant list, 2016. (compositae). Royal Botanic Gardens kew and Missouri Botanic Garden.

Tseng, Y.C.,R.G. Moreira and X. Sun, 1996. Total frying—use time effects on soybean oil deterioration
and on tortilla chip quality. Intl. J. Food Sci. Technol., 31:287-94.

Tukan, S.K., H.R. Takruri and D.M. Al-Eisawi, 1998. The use of wild edible plants in the Jordanian
diet. Int. J. Food Sci. Nutr., 49: 1889-1895.

Vergroesen, A.J. and J.J. Gottenbos, 1975. The role of fats in human nutrition. Academic Press. London,
1-41.

Vojtisek, B., B. Hronova, J. Hamrik and B. Jankova, 1991. Milk thistle (Silybum marianum) in feed
given to ketonic cows.Vet. Med., 36:31-33

Wu, P.F. and W.W. Nawar, 1986. A technique for monitoring the quality of used frying oils. Journal of
the American Oil Chemists Society, 63: 1363-1367.

Yehuda, S., 2001. PUFA: mediators for the nervous, endocrine, immune systems. In: Mostofsky DI,
Yehuda S, Salem N (eds) Fatty acids: physiological and behavioral functions. Humana, Totowa,
403420

Yoon, S.H., M.Y. Jung and D.B. Min, 1988. Effects of thermally oxidized triglycerides on the oxidative
stability of soybean oil. J. Am. Oil Chem. Soc., 65(10):1652—6.

Zhishen J., T. Munching, and W. Jianming, 1999. The determination of flavonoides contents in
mulberry and their scavenging effects on superoxide radical. Food Chemistry, 64: 555-559.

1214





