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Sonchus asper is used in the treatment of many diseases ethnopharmacologically in Pakistan. In the 
present manuscript we demonstrate the antimicrobial and phytotoxic effects of various fractions of S. 
asper. Six (6) different bacteria (Escherichia coli, Bacillus subtilis, Micrococcus luteus, klebsiella 
pneumoniae, Staphylococcus aureus and Pseudomonas aeruginosa) are used in the screening of 
extract as well as 4 strains of fungi are characterized. Raddish root inhibition assay was used for 
phytotoxic screening. Methanolic fraction of S. asper showed best activities in all of assays, in 
inhibition of microbes and phytotoxic activities. The potency of these activities is due to the presence 
of bioactive flavonoids, saponins and phenolic compounds.  
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INTRODUCTION 
 
For thousand years, mankind has learnt about the 
benefits of plant use to alleviate or cure diseases. Plants 
possess a number of bioactive compounds which are 
used as medicine or in preparation of new drugs. 
Nowadays, 30% of worldwide drugs are based on natural 
products isolated from medicinal plants (Grabley and 
Thiericke, 1999). However, for some decades, there has 
been increasing interest in plant uses and the detection 
of their constituents with antimicrobial properties. Many 
efforts have been made to extract new antimicrobial 
bioactive compounds from various kinds of sources. One 
of such resources is folk medicinal plants and extracted 
fractions of medicinal plants. Systematic screening of 
them may result in the discovery of novel effective 
compounds. According to WHO reports, most infectious 
disease   has  been  controlled  but  still  more  than 40%  
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Abbreviations: PMF, Proton motive force; DMSO, dimethyl 
sulfoxide; MIC, minimum inhibition concentration; SAME, 
Sonchus asper methanolic extract; SAHE, Sonchus asper n-
hexane extract; SAEE, Sonchus asper ethyl acetate extract; 
SACE, Sonchus asper chloroform extract; SABE, Sonchus 
asper butanolic extract; SAWE, Sonchus asper water extract. 

deaths have been occurred due to infectious microbes in 
developing countries. In addition to diseases, preservation 
of food is becoming a more complex problem, due to new 
products introduction in market which require more 
protection against pathogenic microbes (Marino et al., 
2001).  

There is therefore a great interest for new methods of 
making food safe which have a natural or green image. 
One such possibility is the use of essential oils as anti-
bacterial additives. Some of the antimicrobial compounds 
produced by plants are affective against plant and human 
pathogenic microorganisms (Mitscher et al., 1987). Anti-
microbial agents, including food preservatives, have been 
used to inhibit food borne bacteria and increase the 
processed food shelf life. Many naturally occurring 
extracts from herbs, medicinal plants, and as well as from 
various spices have been shown to possess antimicrobial 
functions and could serve as a source for antimicrobial 
agents against food spoilage and pathogens (Bagamboula 
et al., 2003).  

Recently scientist have focused to increase the crop 
production to meet the needed of world population, but 
unfortunately, crop yield losses every year due to insects 
and plant diseases caused by various pathogens, slow 
biodegradation of herbicides. To control these short-
comings researchers have focused on allelochemicals 
and bio-herbicides, produced by plants themselves. 
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Sonchus asper (L.) Hill used in various human disorder 
including wounds and burns (Rehman, 2006; Qureshi et 
al., 2009; Hussain et al., 2008), cough,  bronchitis and 
asthma (Ahmad et al., 2006; Koche et al., 2008), gastro-
intestinal infection, inflammation, diabetis and cardiac 
dysfunction (Sabeen and Ahmad, 2009), kidney and liver 
disorders (Zabihullah et al., 2006; Rivera, and Oben, 
1993), reproductive disorder like impotence (erectile 
dysfunction) in humans (Kareru et al., 2007), jaundice 
(Jan et al., 2009) and cancer (Sammon, 1997; Thomson 
and Shaw, 2002). S. asper contains flavonoids (Giner et 
al., 1993; Manez et al., 1994), glycosides (Shimizu et al., 
1989; Helal et al., 2000), ascorbic acid and carotenoids, 
possess antioxidant, anticancer; anti-inflammatory properties 
(Guil-Guerrero et al., 1998). The present investigation 
was aimed to conform the traditional use of S. asper 
fractions as bacteriocidal, fungicidal and phytotoxic 
activities as not reported earlier. 
 
 
MATERIALS AND METHODS 
 
Plant collections 
 
S. asper at maturity was collected from District Bannu (Pakistan) 
during the September 2007, identified and a specimen was submitted 
at herbarium of Pakistan, Quaid-i-Azam University Islamabad, 
Pakistan. All parts of the plant (leaves, stem, flowers, seeds and 
roots) were shade dried for two weeks, chopped, and grinded 
mechanically of mesh size 1 mm.  
 
 
Preparation of plant extract 
 
5 kg powder of S. asper was extracted in methanol to get crude 
methanolic extract (SAME). This crude extract was further 
fractionated with solvents of increasing polarity; starting from n-
hexane (SAHE), ethyl acetate (SAEE), chloroform (SACE), butanolic 
(SABE) and water (SAWE). The reflux time for each solvent was 5 
h. The fractions were cooled at room temperature, filtered and 
evaporated under reduced pressure in rotary evaporator. All the 
fractions were stored at 4°C for further in vivo investigations. 
 
 
Phytotoxicity bioassay 
 
This test was performed according to the modified protocol of 
McLaughlin (1998). Various fractions of S. asper were incorporated 
at different concentrations that is, 100, 1000 �g/mL in respective 
solvents in replicates. Radish seed was washed with dH2O and 
then with 1 % mercuric chloride. Filter paper was put in each 
autoclaved petri plates. 5 ml of each fraction was poured in each 
plate and the respective solvent was evaporated. 10 seeds were 
placed in each plate and incubated in growth room for five days. 
After 3 days root and shoot inhibition was noted and again after 5 
days. Fresh weight and dry weight was also recorded. 
 
 
Antibacterial activities 
 
The minimum inhibition concentration (MIC) of antibacterial activity 
was determined by agar well diffusion method. A loop full of a 104-106 
suspension of 24 h old broth of each bacterium was streaked on the 
surface of Mueller- Hinton agar (BBl-USA) plates. Wells were dug in  

 
 
 
 
the agar with the help of sterile borer. Dilutions of the stock solution 
containing were prepared in DMSO and 100 �l of each dilution was 
added in the respective wells. The plates were then incubated at 
37°C for 24 h and zone of inhibitions were measured in millimeters 
(mm) and compared with the control (Atta-ur-Rahman, 1991). 
Antibacterial activity of fractions of S. asper was studied against 
Escherichia coli, Bacillus subtilis, Micrococcus luteus, klebsiella 
pneumoniae, Staphylococcus aureus and Pseudomonas 
aeruginosa using replicates. Roxithromycin and Cefixime-USP were 
used as standard drugs. 
 
 
Antifungal assay 
 
Antifungal activity was determined according the modified protocol 
of (Atta-ur-Rahman, 1991). Sabouraud dextrose agar (MERCK) 
was used to grow fungus for inoculums preparation. The samples 
for antifungal assay were prepared from initial stock of 12 mg/ml to 
get final concentration of 200 �g/ml. Solutions of terbinafine 12 
mg/ml in DMSO were prepared for positive control. Pure DMSO 
was used as negative control. Test tubes were marked to 10 cm 
mark, put 4 ml media and autoclaved. Tubes were allowed to cool 
and were loaded with 67 �l (200�g/ml) from the stock solution. 
Tubes were then allowed to solidify in slanting position at room 
temperature and inoculated with 4 mm diameter piece of inoculums, 
taken from a seven days old culture of 4 fungal strains. Positive and 
negative control test tubes with DMSO and terbinafine were also 
inoculated. The test tubes were incubated at 28°C for 7 days. 
Cultures were examined twice weekly during the incubation and 
their % inhibition was calculated as: Percentage inhibition of fungal 
growth = [(100 - linear growth in test in mm) / (linear growth in control 
in mm)] × 100. 
 
 
RESULTS 
 
Phytotoxicity assessment 
 
Phytotoxic (allelopathic) effects of S. asper were evaluated 
against reddish growth under control environmental 
condition in growth room. Various parameters were studied 
of allelopathy in this study as shown in Table 1. Root and 
shoot growth was markedly inhibited by SAME at both 
concentration when studied after three and 5th day of the 
experiment. Total fresh weight and dry weight of all 
groups were studied and found that SAME was most 
effective as compare to control and other fraction of S. 
asper, while growth of root and shoot was inhibited by 
SAME and SABE both at 3rd and 5th day of treatment both 
at 100 and 1000 ppm respectively.  
 
 
Antibacterial assay (MIC) 
 
The minimum inhibitory concentration of various fractions 
of S. asper was evaluated for antibacterial activity (Table 
2). Gram negative bacteria such as S. aureus was 
inhibited by MIC value of SABE (5 �g/ml), SAME (2.5 
�g/ml), SAWE (5 �g/ml), respectively. MIC for E. coli 
included SAME (5 �g/ml). However, MIC for K. pneumoniae 
growth was 1�g/ml SAHE and SAME and for SAEE it was 
(5 �g/ml). In case of gram positive bacteria SAME 
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Table 1. Phytotoxicity assay of various fractions of Sonchus asper. 
 

Concentration Samples Root growth 
after 3rd day (cm) 

Shoot growth 
after 3rd day 

(cm) 

Root growth 
after 5th day 

(cm) 

Shoot growth 
after 5th day 

(cm) 

Total fresh 
weight (g) 

Total dry 
weight (g) 

Control dH2O2 7.56 ± 0.03 6.98 ± 0.05 9.25 ± 0.08 9.27 ± 0.02 6.76 ± 0.08 2.14 ± 0.002 
100 ppm SAHE 1.20 ± 0.006 1.27 ± 0.003 2.7 ± 0.003 3.42 ± 0.005 1.09 ± 0.0004 0.155 ± 0.0005 
1000 ppm SAHE 1.51 ± 0.003 1.39 ± 0.007 2.9 ± 0.002 3.67 ± 0.005 1.6 ± 0.0003 0.195 ± 0.003 
100 ppm SAEE 0.85 ± 0.002 1.07 ± 0.0008 1.95 ± 0.0006 2.65 ± 0.0007 1.2 ± 0.0008 0.18 ± 0.003 
1000 ppm SAEE 0.99 ± 0.007 1.28 ± 0.0004 2.17 ± 0.002 5.15 ± 0.002 2.1 ± 0.0004 0.22 ± 0.002 
100 ppm SASC 0.66 ± 0.001 0.16 ± 0.0002 1.42 ± 0.004 0.98 ± 0.0008 0.57 ± 0.002 0.305 ± 0.008 
1000 PM SACE 0.86 ± 0.009 1.1 ± 0.0007 2.7 ± 0.003 3.2 ± 0.0006 2.2 ± 0.09 0.355 ± 0.001 
100 ppm SABE 0.093 ± 0.0004 0.11 ± 0.0001 0.13 ± 0.0007 0.06 ± 0.00004 0.55 ± 0.0002 0.09 ± 0.00003 
1000 ppm SABE 0.42 ± 0.005 0.35 ± 0.003 1.2 ± 0.0002 1.2 ± 0.0007 0.78 ± 0.0008 0.17 ±  ± 0.0002 
100 ppm SAME 0.004 ± 0.00005 0.003 ± 0.00006 0.675 ± 0.0005 0.87 ± 0.0005 0.04 ± 0.0003 0.001 ± 0.00003 
1000 ppm SAME 0.009 ± 0.00008 0.007 ± 0.00005 1.5 ± 0.0001 2.1 ± 0.0002 0.08 ±  0.00001 0.002 ± 0.00005 
100 ppm SAWE 0.37 ± 0.004 0.526 ± 0.0034 1.02 ± 0.00021 1.23 ± 0.0009 158 ± 0.0006 0.16 ± 0.005 
1000 ppm SAWE 1.3 ± 0.02 1.126 ± 0.02 2.12 ± 0.002 3.2 ± 0.002 2.8 ± 0.005 0.35 ± 0.005 

 
 
 
(2.5 �g/ml) showed MIC against M. luteus, while 
B. subtilis was inhibited by 1 �g/ml of SAME and 
SAEE however, SAME and SAEE inhibited the 
growth of Enterobacter aerogenes with MIC (5 
�g/ml). All the remaining fractions did not inhibit 
the growth of the said negative and positive 
bacteria. 
 
 
Antifungal assay 
 

In the present study of antifungal assay, all the 
extracts of S. asper were evaluated against fungal 
strains as shown in Table 3. Growth of Aspergillus 
niger was inhibited more than 70% by SAME 
(91.1 ± 3.11%). In case of Fusarium solani SAEE 
(88.7 ± 2.12%), SACE (75 ± 3.21%) and SABE 
(93.75 ± 3.02%) markedly inhibited the growth of 
the said fungus. However, SAWE (12.5 ± 0.08%) 
showed inhibition. Aspergillus flavus was inhibited 
by SAME (91.1 ± 3.11) and SAWE showed less 

than 30% inhibition. SAEE (86.8 ± 2.98%) and 
SAME (88.15 ± 2.54%) inhibited the growth of 
Aspergillus fumigatus.  
 
 

DISCUSSION 
 

The results of our present screening assays justify 
the use of the investigated plants in the Pakistani 
ethnomedicine. The findings of our project shows 
that gram negative bacteria such as S. aureus 
was inhibited (MIC) by SABE (5 µg/ml), SAME 
(2.5 µg/ml), SAWE (5 µg/ml), while MIC of E. coli 
includes SAME (5 µg/ml). However, K. pneumoniae 
growth was inhibited (MIC) by SAHE, SAME (1 
µg/ml) and SAEE (5 µg/ml). In case of gram 
positive bacteria, SAME (2.5 µg/ml) showed MIC 
against Micrococcus luteus, while B. subtilis was 
inhibited by SAME and SAEE (1 µg/ml), however 
LPBE, LPME, SAME and SAEE inhibited the 
growth of E. aerogenes (5 µg/ml). This indicates 

that the plant possesses antibacterial, antifungal 
and antitumor potential. SAME of S. asper showed 
activity against E. coli. S. aureus was inhibited by 
SABE, SAME and SAWE. K. pneumoniae was 
inhibited by SAHE, SAME and SAWE. B. subtilis 
was inhibited SAME and SAWE, while M. luteus 
and E. aerogenes was controlled by SAME and 
SABE. Narod et al. (2004) reported that anti-
bacterial activity of hexane, methanol and water 
extract of leaf and stem of Toddalia asiatica were 
active against gram-negative and gram positive 
bacteria.  

Duraipandiyan and Ignacimuthu (2009) reported 
similar results during screening of antibacterial 
activities of various fractions of traditional medicinal 
plant, T. asiatica (L.) Lam. Algiannis et al. (2001) 
proposed a classification based on MIC values of 
antifungal activities of extracts, where extracts 
with MIC up to 500 µg/ml are considered as 
strong  inhibitors,  600 - 1500 µg/ml  as  moderate 
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Table 2. MIC of various fractions of various fractions of Sonchus asper against bacterial strains. 
 

Group 
S. aureus coli .E  K. pneumoniae M. luteus E. aerogenes B. subtilis 

Conc. Zone Conc. Zone Conc. Zone Conc. Zone Conc. Zone Conc. Zone 

Cefix 1 26 1 28 1 16 1 17 1 10 1 24 
Rox 1 22 1 18 1 20 1 25 1 24 1 32 
SAWE - - - - - - - - - - - - 
SABE 5 12 - - - - - - - - - - 
SAME 2.5 12 5 14 1 12 2.5 10 5 14 1 12 
SACE - - - - - - - - - - - - 
SAEE 5 10 - - - - - - 5 12 1 10 

SAHE - - - - 1 10 - - - - - - 
 

- = No effect; Conc.= concentration of extract, antibiotic (mg /ml); and Zone = diameter of zone (mm). 
 
 
 
 

Table 3. Antifungal activity of various fractions of Sonchus asper. 
 

Group 
% Inhibition of various fungal species 

Aspergillus niger Fusarium solani Aspergillus flavus Aspergillus fumigatus 
Control 88.8 ± 2.33 85 ± 3.45 89.2 ± 3.22 90.5 ± 3.09 
SAWE 61.1 ± 2.07 12.5 ± 0.08 5.06 ± 0.003 27.7 ± 0.67 
SABE 61.1 ± 1.98 93.75 ± 3.02 5 ± 0.004 36.84 ± 1.09 
SAME 91.1 ± 3.11 31.25 ± 1.21 6 ± 0.001 88.15 ± 2.54 
SACE 33.3 ± 1.32 75 ± 3.21 64.5 ± 1.56 60.52 ± 3.0 
SAEE 55.5 ± 1.27 88.7 ± 2.12 55.6 ± 2.11 86.8 ± 2.98 
SAHE 66.6 ± 3.76 47.5 ± 1.02 59.4 ± 2.07 53.9 ± 1.9 

 
 
 
inhibitors and those with MIC values above 1600 as weak 
inhibitors. In this study, replicate results of antifungal 
show that all fractions showed some extent of antifungal 
activity at 200 µg/ml concentration of various fractions, 
however growth of A. niger was markedly inhibited by 
methanolic and ethyl acetate fraction of both plants, while 
F. solani was inhibited by butanolic, methanolic and water 
fraction of S. asper. Similarly, A. flavus showed signi-
ficant growth inhibition. These results suggest that 
methanolic extracts of S. asper were more efficient to 
inhibit bacterial growth than fungal growth, probably in 
relation to their active molecules. Several studies 
attributed the inhibitory effect of plant extracts against 
bacterial pathogens to their phenolic composition (Baydar 
et al., 2006; Rodriguez et al., 2007), and saponins have 
antifungal properties (Aboaba and Efuwape, 2001; 
Mohanta et al., 2007). Kabuki et al. (2000) reported that 
the antimicrobial spectrums of the crude catechin were 
more effective against gram-positive bacteria than gram-
negative bacteria. This tendency of tannin could be 
explained by that the structures of cell envelope, 
including cytoplasmic membrane and cell wall compo-
nent, are different between gram-positive and gram-
negative bacteria. Gram-negative bacteria possess an 
outer membrane surrounding the cell wall, which restricts 

diffusion of hydrophobic compounds through its 
lipopolysaccharide covering. Without outer membrane, 
the cell wall of gram-positive bacteria can be permeated 
more easily and tannins can disturb the cytoplasmic 
membrane, disrupt the proton motive force (PMF), 
electron flow, active transport and coagulation of cell 
contents (Burt, 2004). Therefore, the structural difference 
of bacteria plays an important role in their susceptibility. 

The phytotoxic results of all fractions of both plants 
shows that they inhibited the growth of reddish root as 
well as shoot as compared to non treated control plant. 
Water, methanolic and butanolic fractions showed marked 
growth inhibition of root and shoot while n-hexane and 
ethyl acetate fraction of both plants showed moderate 
effects. Our findings showed similarity with results reported 
by Javaid, (2009) that water extract of Withania somnifera 
and Datura alba possessed some bioactive compounds 
which significantly inhibited the growth of root and shoot 
of Rumex dentatus L., highly competitive weed in wheat 
during allelopathic screening. Similar investi-gations was 
found by Kordali et al. (2008) that essential oil isolated 
from Turkish Origanum acutidens and their phenolic 
compounds completely inhibited the growth of seedling 
and roots and possessed antifungal activity when compared 
to standards compounds. 
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