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Abstract

Silybum marianum is a biennial herbaceous plant of family Asteraceae. It is used traditionally to treat both human and animal ailments in different parts
of the world. Keeping in view the medicinal importance of this species, it has been selected for the present study. The phytochemical analysis has revealed
the presence of various phytoconstituents like alkaloids, amino acids, carbohydrates, flavonoids, glycosides, gums and mucilage, phenolics, reducing sugars,
tannins etc. The Fourier Transform Infrared (FTIR) spectroscopy has provided the details of various functional groups including amides, esters, aldehydes
etc. with different peak values associated with the screened phytochemicals. The Wavelength Dispersive X-Ray Fluorescence (WD-XRF) analysis has shown
the presence of elements like Potassium, Calcium, Chlorine etc. Phytochemicals and other elements are likely to be responsible for the medicinal potential of
this species. It has also shown antibacterial activity against some bacterial strains.
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Introduction

Silybum marianum L. Gaertn. (milk thistle) is a member of
family Asteraceae. It is a native of Southern and Western Europe,
South America and North America in the Eastern United States and
California [1]. Tt is five to ten feet in height, biennial herb. Leaves
are hard, green, shiny and have spiny edges and white veins. Reddish
purple flower is solitary, borne at the tip of the branch with sharp
spiny bracts. The seeds are hard and have white silky pappus [1,2].

This plant has a potential antioxidant activity [3] along with
anticancer, antidepressant, cardio protective, hepatoprotective,
immunostimulative and neuroprotective activity [4]. It works as
antidote against Amanita mushroom poisoning [5]. Ripe seeds are
used in the treatment of kidney and various hepatobiliary problems,

such as hepatitis, cirrhosis, gallstones and jaundice [6]. This plant
also plays an important role in endocrine function as antidiabetic
and pancreatic protectant [7]. It contains phytoconstituents like
flavonoids, phenols and tannins [8], amino acids, saponins, sugars
[9], flavonoids [10], alkaloids, carbohydrates, steroids and tannins
[11]. Antibacterial activity of seeds has been reported against Bacillus
subtilis, Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi
etc. [12]. The chloroform and ethanol extracts of S. marianum leaves
and hypocotyls callus have shown antibacterial activity against
different Gram +ve and Gram -ve bacteria [9]. Therefore, the
present study was undertaken to evaluate the phytochemicals, FTIR
spectroscopy and WD-XRF analysis.

Materials and Methods
Plant materials

Silybum marianum has been selected for the present study. The
plant material was collected from the Panjab University, Chandigarh
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campus during 2012-2013. The collected material was washed
thoroughly with tap water and then with distilled water. Plant
specimen was pressed and dried to prepare the herbarium sheet. The
voucher specimen has been deposited in the Herbarium, Department
of Botany (PAN No.-20331), Panjab University, Chandigarh, India.

Preparation of extracts

The collected plant material was washed thoroughly and allowed
to dry at room temperature. The dried material (whole plant) was
powdered by using an electric grinder. Aqueous and ethanol extracts
of Silybum marianum has been prepared by using the following
methods:

Preparation of aqueous extract

20gm of plant powder was added to 100ml of distilled water in a
conical flask. The mixture was kept on an orbital shaker for 24 hours
at room temperature. Then it was filtered through folds of muslin
cloth. Further, it was again filtered through Whatmann’s Filter No.
1 and the filtrate was collected in vials. The final extract obtained is a
stock solution of 200mg/ml concentration. The extract was stored in
refrigerator at 4°C till further use [13].

Preparation of ethanol extract

The ethanol extract was prepared using the Soxhlet extraction
method [14]. Powdered plant material (10gm) was extracted with
ethanol (130ml) in a Soxhlet apparatus. The extract was allowed to
evaporate at room temperature till it reaches the 1/3 volume of the
original extract. Then it was stored at 4°C in vials.

Phytochemical screening

Phytochemical analysis of both aqueous and ethanol extracts
were carried out for the presence of various phytoconstituents such
as alkaloids [15], carbohydrates [16,17], flavonoids [15,16], glycosides
[16,18], gums and mucilage [16,18], phenols [16,18], phlobatannins
[19], reducing sugars [20], saponins [15], steroids [15], tannins
[18,20] and terpenoids [21] using standard procedures.

Bacterial strains

The antibacterial activity of Silybum marianum extracts
against four bacteria namely Enterococcus faecalis (MTCC 439),
Staphylococcus aureus (ATCC 25923) (Gram +ve), Escherichia coli
(ATCC 25922) and Pseudomonas aeruginosa (ATCC 27853) (Gram
-ve) has been studied.

Preparation of inoculum

A single colony of bacterial strain was inoculated from a streak
plate into 10ml Mueller Hinton Broth media [g/L: beef infusion 300,
casein acid hydrolysate 17.5, starch 1.5 and pH 7.4 £ 0.1] containing
tubes. These tubes were incubated at 37°C/200rpm for 16-18 hours.
This is a primary culture. 100pl of primary culture was inoculated
into 10ml MHB media. The tubes were incubated at 37°C/200rpm till
absorbance reaches 0.3 at 600nm.

Antibacterial activity using agar well diffusion method

100yl of culture was spread on MHA (Mueller Hinton Agar)
plates and allowed to dry. Wells were made with the help of a sterile
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cork borer. The dose of 20pl, 50pl and 100ul was used initially. But
these doses have not shown any zone of inhibition after 24 hours.
Thus the volume of the dose was increased to 150ul and 200pl.
Different doses of plant extracts i.e., 150ul and 200l were added to
the wells along with aqueous and organic solvent as control. These
plates were incubated at 37°C overnight. The time interval of 24
hours was selected as the activity of extracts remained same even after
48 hours. But contamination in some cases has been observed near
48 hours time interval. To avoid contamination, the present time
interval was selected. After incubation, the plates were observed for
zone of inhibition and the diameter of zone was measured.

Fourier Transform Infrared (FTIR) Spectroscopy has been done
using Perkin Elmer Spectrum 400 FT-IR/ FT-FIR spectrometer.
Based on IR spectra various functional groups were detected in plant
powder of this species. This test has been carried out to authenticate
the preliminary phytochemical observations. The Wavelength
Dispersive X-Ray Fluorescence (WD-XRF) analysis was done to
study the presence of micro and macro elements.

Results and Discussion
Phytochemical screening

The different phytochemicals like alkaloids, carbohydrates,
flavonoids, glycosides, gums and mucilage, phenolics, phlobotannins,
reducing sugars, saponins, steroids, tannins and terpenoids have
been reported during the present investigation. Both aqueous and
ethanol extracts of Silybum marianum, revealed the presence of many
phytoconstituents. All the studied phytoconstituents except alkaloids,
reducing sugars and saponins were present in aqueous extract.
Presently studied ethanol extract contains all the phytoconstituents
under consideration except saponins (Table 1). Shah et al. [8]
observed flavonoids, phenols and tannins during phytochemical
evaluation of aqueous extract this plant. John and Koperuncholan [9]
analyzed the ethanol extracts of leaf and hypocotyls callus. They have
reported the presence of amino acids, sugars and tannins. Alkaloids,
flavonoids, phenolics, saponins, steroids efc. were absent in their
study. The difference in phytochemical observations is likely due to
the use of different plant parts. The details of the phytochemicals
screened during the present study are shown in Table 1.

Antibacterial activity

The extracts of Silybum marianum have been screened for
antibacterial activity against two Gram +ve (Enterococcus faecalis,
Staphylococcus aureus) and two Gram -ve (Escherichia coli,
Pseudomonas aeruginosa) bacterial strains. Different doses of both
aqueous and ethanol extracts (150ul, 200ul) were given to all the
bacterial strains under investigation. Extracts were tested along
with ethanol and distilled water (DW) as a control. A 150l dose of
aqueous extract formed a 5mm inhibition zone against E. faecalis. But
the similar dose of ethanol extract was found active against E. coli only
with a 2mm zone of inhibition. At a higher dose (200pl), the ethanol
extract have shown activity against all the four bacterial strains under
investigation with 11mm, 7mm, 5mm, and 2mm zones of inhibitions
for S. aureus (ATCC 25923), P. aeruginosa ( ATCC 27853), E. coli
(ATCC 25922) and E. faecalis (MTCC 439), respectively (Figures
1-6; Table 2). Antibacterial activity of aqueous and ethanol extracts
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of S. marianum seeds was studied by Hassan et al. [12] against
Bacillus subtilis, Escherichia coli, Klebsiella pneumonia, Pseudomonas
aeruginosa, Proteus vulgaris, Staphylococcus aureus and Salmonella
typhi with methicillin and oxacillin antibiotic as a control. Extracts
were found active against all bacteria. Their study has supported the
present findings. Similarly, the silymarin isolated from the ethanol
extract of S. marianum had shown activity against B. subtilis (NCTC
8236), P. vulgaris (ATCC 6380), S. aureus (NCTC 25953) with
17mm, 15mm and 21mm inhibition zones, respectively. This extract
was found active only against Gram +ve bacteria However, during

Table 1: Screening of phytochemicals in both extracts. Figure 3: Ethanol (200pl) against E. coli indicated at 4B

Phytochemical(s) Test(s) Aqueous Ethanol
Alkaloids Mayer’s reagent test - ++
Carbohydrates Molisch test ++ +++
Flavonoids NaOH test ++ +
H,SO, test ++ ++
Glycosides FeCl, test + ++
Gums and Mucilage +++ +
Phenols FeCl, test ++ ++
Phlobatannins + +
Reducing sugars Fehling’s test - ++
Saponins Froth test - -
Steroids H,SO, test + ++
Tannins FeCl, test +++ ++
KOH test +++ +++
Terpenoids Salkowaski test it it Figure 4: Ethanol (200pl) against S. aureus indicated at 4B

The symbols like -, , +, ++ and +++ denotes — absent, present in traces, present,
moderately present and present in abundance, respectively.

Figure 1: Ethanol (150ul) against E. coli indicated at 4A

pA ¥

Figure 2: Aqueous (150ul) against E. faecalis indicated at 3 Figure 6: Ethanol (200ul) against E. faecalis indicated at 4.

Citation: Puri S, Sidhu MC, Tewari R, Sharma A. Study of Phytochemicals, Trace Elements and Antibacterial Activity of Silybum marianum (L.) Gaertn.

03 J Plant Sci Res. 2015;2(2): 122.



JOURNAL OF PLANT SCIENCE & RESEARCH

the present study, ethanol [8]. However, during the present study,
ethanol extract have shown activity against Gram +ve and Gram -ve
bacterial strains. This difference in activity of the extracts is likely due
to the use of higher dose (200pl). The phytochemicals like alkaloids
and flavonoids along with micro and macro elements are likely to be
responsible for the antibacterial activity of this species.

FTIR absorption spectra of whole plant powder have been studied.
The observed IR frequencies pertaining to different functionalities
like 3271cm™ (N-H stretch in amines and amides); 2921cm! (alkanes
sp* C-H stretch); 2221cm™, 2166cm™, 2033cm™, 1997 (CC stretch,
CN stretch, -N=C=0 stretch, -N=C=S stretch, -C=C=C stretch in
allenes and -C=C=0 stretch in ketenes); 1734cm™ (C=0 stretch
in amides, esters, acids, aldehydes and ketones); 1587cm™ (N-H
bend in amides and nitro group absorption); 1377cm™ (-CH, bend
in alkanes and nitro group absorption); 1319cm™ (C-N stretch in
amines, C-O stretch in carboxylic acids, asymmetric S=O stretch
in sulphones, sulphonyl chlorides, sulphates and sulphonamides);
1241cm (C=0 bending in ketones, phenyl alkyl ethers, C-O stretch
in alcohols, ethers, esters, carboxylic acids, anhydrides, C-N stretch
in amines and aryl fluorides); 1160cm™, 1030cm™ (C-N stretch in
amines, C-O stretch in alcohols, ethers, esters and S=O symmetric

Table 2: Antibacterial activity of aqueous and ethanol extracts.
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stretch sulphonates); 669cm™ (alkenes out of plane bonds and C-Cl
stretch in aliphatic chlorides) and 558cm ™, 443cm™, 408cm™ (C-X for
bromides/ iodide).

The IR absorption frequency values are corresponding to different
functional groups of various phytochemicals (Figure 7). The WD-
XRF analysis of whole plant powder has provided qualitative and
quantitative details of the micro and macro elements present (Table
3). These are known for their medicinal potentiality for the treatment
of different ailments. Thus, further studies are required to establish
their role.

Conclusion

The phytochemical screening of aqueous and ethanol extracts
of this plant have revealed the presence of alkaloids, carbohydrates,
flavonoids, glycosides, gums and mucilage, phenolics, phlobotannins,
reducing sugars, steroids, tannins and terpenoids. The FTIR
spectroscopy of whole plant powder has shown the presence of
various functional groups such as amines & amides, alkanes, esters,
acids, aldehydes and ketones etc. WD-XRF analysis has revealed the
presence of various elements like K, Ca, Cl, Mg, Si, S efc. A similar
dose of (150ul) of both the extracts has shown activity against

Time interval Dose(s) E. coli S. aureus P. aeruginosa E. faecalis
150pl (Aq.) _ _ _ 5mm
150pl (Eth.) 2mm _ _ _

24 hr
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Figure 7: FTIR spectrum whole plant powder of Silybum marianum.
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Table 3: WD-XRF analysis of whole plant powder.
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CH,,0, K Ca Cl P Mg Si
27,0KC, 256,0 KC,¢ 135,9KC, 109,0 KC,¢ 13,1 KC_ 4,8 KC,g 4,5 KC,q
711252 PPM 42417 PPM 26742 PPM 23680 PPM 2639 PPM 1372 PPM 1223 PPM
S Sn w Fe Na Sr Al Ru
8,8 KC, 8,4 KC,¢ 4,3KC,q 11,3 KC,¢ 0,4 KC,¢ 20,9 KC,g 0,7 KC, 0,3KC,
1094 PPM 798 PPM 471 PPM 367 PPM 285 PPM 257 PPM 226 PPM 109 PPM
Zn Rb Ti Co Br Mn Cu Ni Intensity Scal
6,0 KC, 45KC, 0,2KC,g 1,6 KC,¢ 1,9KC,¢ 0,6 KC,g 2,2KC_ 0,5KC,g
60 PPM 47 PPM 39 PPM 35 PPM 34 PPM 30 PPM 28 PPM 9 PPM 0,7584

different bacteria. The increased dose (200ul) was found active 8.
against all the four bacterial strains. Some of the phytochemicals and
elements are likely to be responsible for the antibacterial activity.

The analysis of several populations of this species may give rise to

different chemotypes having comparative amount of the chemicals
of interest. Further study can be performed to isolate the different

phytoconstituents and to see their individual activity against bacterial

strains. Similarly, the role of different elements can also be studied in

detail after separating them using standard procedures.
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