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The antibacterial activity of the methanolic and n-hexane extracts of Fagonia cretica L., Peganum 
harmala L., Tribulus terrestris L., Chrozophora tinctoria (L.) Raf and Ricinus communis L., were 
investigated against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
pneumoni and Salmonella typhi. Phytochemical screening of the methanolic extract of F. cretica, P. 
harmala and C. tinctoria revealed the presence of saponins, phlobatannins, anthraquinones and 
alkaloids. Tannins and flavonoids were found in C. tinctoria and R. communis. Glycosides were found 
in F. cretica and P. harmala, while terpenoids and phenolics occurred in P. harmala. Group tests 
revealed that the methanolic and n-hexane extract of F. cretica, P. harmala, T. terrestris, C. tinctoria and 
R. communis had OH, carboxylic and phenolic groups. The methanolic and n-hexane extracts of F. 
cretica, P. harmala, T. terrestris, C. tinctoria and R. communis showed the absence of aldehyde and 
ketone group. The ability of the methanolic and n-hexane extracts of F. cretica, P. harmala, T. terrestris, 
C. tinctoria and R. communis to inhibit the growth of different bacteria has shown their broad spectrum 
antibacterial potential, which may be used in the management of microbial infections.  
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INTRODUCTION 
 
In the past, plants provided a source of inspiration for 
novel drug compounds, as plant-derived medicines made 
large contributions to human health and well being. Their 
role is two-fold in the development of new drugs: (1) they 
may become the base for the development of a medicine, 
a natural blue print for the development of new drugs or; 
(2) a phytomedicine to be used for the treatment of 
diseases. Traditional medicine using plant extracts 
continues to provide health coverage for over 80% of the 
world’s population, especially in the developing world 
(Igbinosa et al., 2009). Globalization interferes with 
infectious disease control at the national level while 
microbes move freely around the world. Human response 
to infectious diseases is conditioned by jurisdictional 
boundaries (Stepanovic et al., 2003). In recent years, 
about 43% of the total deaths that occurred in the 
developing countries are due to infectious diseases. The 
search for new effective antimicrobial agents is necessary  
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due to the appearance of microbial resistance and 
occurrence of fatal opportunistic infections. In epidemic 
areas, resistance against antimicrobial agents has 
emerged due to recurrent infections (Carballo et al., 
2002). Antibacterial activity of plants has been tested by 
various researchers (Tauseef et al., 2007; Chaudhry and 
Tariq, 2006; Saeed and Tariq, 2007). The antibacterial 
activity of medicinal plants of Khyber Pakhtunkhwa is 
needed to be done for the identification of candidate 
plants. 

Zygophyllaceae is a family of about 25 genera and 240 
species and widespread in tropical, subtropical and warm 
temperate, often in drier areas. In Pakistan, it is 
represented by 8 genera and 22 species. Plants are 
annual or perennial herbs. Flowers are perfect and 
regular; sepals imbricate or valvate, free, persistent or 
deciduous; petals usually free and imbricate. Disk or 
nectary glands are either present or absent. The ovary is 
superior, 2 to 5 or 10-lobed, and fruit capsule is often 
spiny or tuberculate. The family is important for Lignum 
vitae wood (Guaiacum officinale), spices, and few 
ornamentals (Perveen and  Qaiser,  2006).  Examples  of  



 
 
 
 
this family include the followings: 
 

Fagonia indica var. schweinfurthii Hadidi in Rech. (F. 
arabica L. Edgeworth and Hook. f., F. cretica L. 
Parker): It is an annual to biennial to glabrous shrublet. It 
flowers throughout the year. It is distributed in India, 
Pakistan, Iran, Sudan, Somalia and Kenya. It is 
commonly known as Azghakhi, Damiya and Dhaman in 
Khyber Pakhtunkhwa, Pakistan. It is used in the 
treatment of piles, urinary disorders, dysentery, stomach 
ache, typhoid, cancer and as a blood purifier (Marwat et 
al., 2008; Akhtar and Begum, 2009), to relieve 
constipation and as a laxative (Wazir et al., 2007).  
 

Peganum harmala L.: It is a perennial with corymbosely 
branched herb. Locally, it is called Harmal (Saraiki), 
Spalani (Pashto). Vern. Harmal, Ispand, Isband. It flowers 
in April to October and is distributed in India, Tibet, 
Pakistan, westwards to North Africa, Europe and Russia. 
The plant’s seed powder is used for asthma, colic, and 
anthelmintic. Furthermore, the seeds are antiseptic, 
gastrointestinal, urinary, antispasmodic and antiperiodic. 
The plant is also used for healing wounds, inflamed body 
parts, diarrhea and in indigestion (Shah et al., 2006; 
Marwat, et al., 2008; Wazir et al., 2004). Plant is used in 
lumbago and the plants alkaloids are protozoacidal 
agents, coronary dilators, embolic as well as for the 
nervous diseases. It is known to contain harmine, which 
induces a fall in blood pressure, and harmaline, which 
possess abortificant, narcotic, aphrodisiac, stimulant, 
sedative, emmanagogue, vermifuge and soporific 
properties (Bukhari et al., 2008). Javale and Sabnis 
(2010) have also reported its antibacterial activity. 
 

Tribulus terrestris: It is an annual or biennial, prostrate 
herb. Locally, it is known as Gokhru, Khar-e-khashak, 
Bhakra. It flowers throughout the year and is distributed 
in tropical and subtropical countries in Asia, Africa, S. 
Europe and North Australia. It is common throughout 
Pakistan from sea level to 3500 m, in sandy soils of 
barren lands and cultivated fields as a weed. It has highly 
variable species in leaf and flower size and fruit 
characters. The fruits are used in urinary bladder, while 
leaves are used in colic and chronic cough (Marwat et al., 
2008; Khan, 2009). In Sindh: nutlets are used against 
retention and itching in urine and improving male sexual 
strength. It has hypoglycaemic activity and has been 
used in the traditional medicine of China and India for 
centuries. Moreover, the plant has antimicrobial, 
antihypertensive, diuretic properties, and stimulates 
spermatogenesis and libido. Presently, preparations and 
the dietary supplements containing extracts of T. 
terrestris are used for sexual impotence, edema, skin 
diseases, vermifuge, rheumatoid arthritis and others 
(Semerdjieva, 2011).  

On the other hand, the Euphorbiaceae family has about 
300 genera and 7950 species and in Pakistan, it is 
represented by 24 genera and 90 species. It is one of the  
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most diverse families, ranging from herbs, shrubs and tall 
trees (Perveen and Qaiser, 2005). The castor bean plant, 
probably indigenous of Eastern Africa is nowadays 
growing on a wide scale on marginal and wastelands of 
South Asia. It is widely grown as a commercial crop in 
Ethiopia for its oil. It is a non-hardy fast growing perennial 
shrub and is cultivated in the Indo-Pakistan region as an 
annual crop on marginal lands and coastal sandy belts 
under warm climates and it can stand moderate 
arid/saline environments. Its fruit is produced in typical 
clusters; each pod contains well developed seeds 
bearing sufficient oil (47 to 49%) (Chakrabarti and 
Ahmed, 2008). Examples include the followings: 

 
Chrozophora tinctoria (L.) Raf.: It is an annual prostrate 
herb common in arid soils. It is a common weed of fallow 
fields and dry waste places on sandy clay loam (Nasir 
and Ali, 1973-1995). It flowers in January to September 
and April to September. Plant prefers light (sandy), 
medium (loamy), heavy (clay), acid, neutral and basic 
(alkaline) soils. It can grow in semi-shade (light 
woodland) or having no shade. It also requires moist soil 
(Chopra et al., 1956). It is known as 'dyer's-croton', 
'giradol' or 'turnsole' and is native to Africa, (Algeria, 
Egypt, Libya, Morocco, Tunisia and Yemen) temperate 
and tropical Asia (Kuwait, Saudi Arabia, Afghanistan, 
Iran, Iraq, Israel, Lebanon, Syria, Turkey, Kazakhstan, 
Turkmenistan, India and Pakistan) and Europe (Ukraine, 
Albania, Bulgaria, Greece, Italy, Malta, France, former 
Yugoslavia, Portugal and Spain). It is found at 900 - 
7500'/275 - 2300 m. In Iran, the plant is used to treat 
warts, emetic, cathartic and fever (Delazar et al., 2006). 
Root ashes are given to children for cough. The seeds 
are purgative or cathartic, while Its bark is used for 
tanning and dyeing (Mathew, 1991).  

 
Ricinus communis: It is an erect, single-stemmed or 
much-branched shrubby or tree like somewhat glaucous 
herb. Locally, it is known as Arand, Erand (Hindko, Gujri), 
Arand (Punjabi, Urdu). Sindhi name: Haran; Urdu name: 
Arand, Arandae, Murpad, Harnoli, Murghpad, Bed Anjeer. 
It flowers throughout the year. It is native to Africa, and 
has been introduced and is cultivated in many tropical 
and subtropical areas of the world. It is found throughout 
India, and is being cultivated and found wild up to 2400 m 
(Verma et al., 2011). It is widely found at 4000'/1220 in 
the Sub-Himalayan tract and in the plains, and 
naturalized near villages. The plant is used in polyherbal 
formulation in Ayurveda and homeopathy (Verma et al., 
2011). Leaves are used as pain killers and in bronchial 
pneumonia (Attaur Rehman, 1983). It is also used as 
expectorant, purgative, sedative and narcotic. The plant’s 
(castor) oil is used in rheumatism, paralysis, asthma, 
cough and constipation. Seeds are used against warts 
and freckles. Seeds oil is used in constipation 
(Barkatullah and Hussain, 2009). Furthermore, castor oil 
is given  in  constipation  before  and  after  child  birth  to  
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mothers (Qureshi et al., 2009). The oil is a purgative, 
leather-preservative and a lubricant, may be used in 
delicate machinery; the oil-cake is used as fertilizer and 
fuel (Afzal et al., 2009). The oil and seeds are used for 
warts, cold tumors, indurations of the abdominal organs, 
whitlows, lacteal tumors, indurations of the mammary 
gland, corns and moles. Castor-oil is a cathartic and has 
labor-inducing properties. Ricinoleic acid has served in 
contraceptive jellies. Ricin, a toxic protein in the seeds, 
acts as a blood coagulant. The oil is used externally for 
dermatitis and eye ailments (Kensa and Yasmin, 2011). 
 
 
MATERIALS AND METHODS 
 

The fresh specimens of F. cretica L., P. harmala L., T. terrestris L., 
C. tinctoria (L.) Raf. and R. communis L., were collected between 
June and August from Peshawar and Attock Hills. The plants were 
identified following the Flora of Pakistan (Ali and Qaiser, 2001). The 
plants were dried in shade at temperature of 28 to 30°C for 14 
days.  
 
 
Test bacteria 
 
Both Gram negative and Gram positive strains Escherichia coli, 
Salmonella typhi, Staphylococcus aureus, Pseudomonas 
aeruginosa, Klebsiella pneumoni were tested. Nutrient agar 
medium was used for the growth of bacteria for agar diffusion 
method (Mariam et al., 1993) and nutrient broth medium for serial 
dilution method (Spooner and Sykes, 1972).  
 
 
Preparation of extracts 
 

F. cretica, P. harmala, T. terrestris, C. tinctoria and R. communis 
(the whole plant) was ground to 60 mesh diameter powder using an 
electric grinder, and then 50 g of each sample was soaked in 250 
ml 70 % methanol for 72 h. Each plant extract was filtered through 
Whatman filter paper No. 1823. This process was repeated 3 times. 
Each extract was concentrated using rotary evaporator. The 
concentrates of each extracts were stored at 4°C priors to use. The 
standard drug (imepinem) was also used (Mariam et al. 1993). The 
antibacterial study of the crude extracts was carried out by agar well 
diffusion method (Carron et al. 1987). The antibacterial activity data 
were subjected to T- test following Cox (1967). 
 
 
Phytochemical screening (micro-chemical tests) 
 

The fresh specimens of F. cretica, P. harmala, T. terrestris, C. 
tinctoria and R. communis were collected from Peshawar and 
Attock Hills for the screening of the chemical constituents. The 
collected plant samples were washed, cleaned, dried and packed in 
the kraft paper. Plant parts were crushed using grinding machine 
and powdered samples were treated onwards. Chemical tests were 
carried out on the aqueous, methanolic and n-hexane extracts 
using standard procedures to identify the constituents as described 
by Sofowora (1993), Trease and Evans (1989) and Harborne 
(1973). 
 
 
Test for alkaloids 
 

The detection of alkaloids was carried out by the method adopted 
by Trease and Evans (1989). By precipitation with Dragondroff’s 
reagent (solution of potassium bismuth iodide),  the  reddish  brown  

 
 
 
 
pinkish purple indicated the presence of alkaloids (Trease and 
Evans 1989). The Dragondorff’s reagent was made of two portions: 
first, the reagent (1- 0.85 g of bismuth substrate) was dissolved in a 
solution of 10 ml acetic acid and 40 ml water; secondly, the reagent 
(2 – 8 g of potassium iodide (KI)) was dissolved in 20 ml of water 
(stock solution mixture of equal parts of solution 1 and 2 (Harborne, 
1973). The spray reagent was prepared by mixing 1 ml of the stock 
solution with 2 ml of fresh acetic acid and 10 ml of water. Detection 
of alkaloids and other nitrogen compounds is by orange-brown 
spots on yellow background (Harborne, 1973). 
 
 
Test for mucilage  
 
A small quantity of powder drug was mixed with a few drops of 
water and allowed to stand; if the powder was not dissolved 
completely and became gummy, mucilage were detected (Trease 
and Evans, 1989). 
 
 
Test for anthraquinone  
 
A small quantity of powder was macerated with ether, and the 
presence of pink, red, or violet colour, in aqueous layer after 
shaking indicated the presence of anthraquinone derivatives 
(Trease and Evans, 1989). 
 
 
Test for saponins 
 
About 0.2 g of powdered sample extract was boiled in 2 ml of 
distilled water on a water bath and filtered. A fraction of aqueous 
filtrate measuring 1 ml was mixed with 2 ml of distilled water and 
shaken vigorously to form a stable persistent froth. The frothing was 
mixed with about three drops of olive oil and shaken vigorously. 
Formation of an emulsion confirmed presence of saponins (Ngoci et 
al., 2011). 
 
 
Test for oils  
 
A small quantity of powdered drug was pressed between filter 
papers; the appearance of an oily stain indicated the presence of 
fats and oils (Trease and Evans 1989). 

 
 
Test for tannins 
 
About 0.5 g of the dried powdered samples was boiled in 20 ml of 
water in a test tube and then filtered. A few drops of 0.1% ferric 
chloride was added and observed for brownish green or a blue-
black coloration (Edeoga et al., 2005). 
 
 
Test for flavonoids 
 
Three methods were used to determine the presence of flavonoids 
in the plant sample. First, 5 ml of dilute ammonia solution were 
added to a portion of the aqueous filtrate of each plant extract 
followed by addition of concentrated H2SO4. A yellow coloration 
observed in each extract indicated the presence of flavonoids. The 
yellow coloration disappeared on standing. Again, few drops of 1% 
aluminium solution were added to a portion of each filtrate. A yellow 
coloration observed indicates the presence of flavonoids. A portion 
of the powdered plant sample was in each case heated with 10 ml 
of ethyl acetate over a steam bath for 3 min. The mixture was 
filtered and 4 ml of the filtrate was shaken with 1 ml of dilute 
ammonia solution. A yellow coloration observed indicates a positive  



 
 
 
 
test for flavonoids (Edeoga et al., 2005). 
 
 
Test for steroids  
 
Briefly, 2 ml of acetic anhydride was added to 0.5 g ethanolic 
extract of each sample with 2 ml H2SO4. A colour change from 
violet to blue or green in some samples indicates the presence of 
steroids (Edeoga et al., 2005). 
 
 
Test for terpenoids (Salkowski’s test) 
 
Five milliliters of each extract was mixed in 2 ml of chloroform, and 
concentrated H2SO4 (3 ml) was carefully added to form a layer. A 
reddish brown coloration of the inter face was formed to show 
positive results for the presence of terpenoids (Edeoga et al., 
2005). 
 
 
Test for cardiac glycosides (Keller-Kiliani test) 
 
Five ml of each extracts was treated with 2 ml of glacial acetic acid 
containing one drop of ferric chloride solution. This was underlayed 
with 1 ml of concentrated sulphuric acid. A brown ring of the 
interface indicates a deoxysugar characteristic of cardenolides. A 
violet ring may appear below the brown ring, while in the acetic acid 
layer, a greenish ring may form just gradually throughout thin layer 
(Edeoga et al., 2005). 
 
 
Test for reducing sugars (Fehling’s test) 
 
The aqueous ethanol extract (0.5 g in 5 ml of water) was added to 
boiling Fehling’s solution (A and B) in a test tube and colour 
reaction was observed (Khan et al., 2011). 
 
 
Chemical group tests 
 
The fractions were tested for some of the functional groups as 
follows: 
 
 
Phenolic group test 
 
To test for the presence of phenolic groups, 3 to 5 drops of 1 M 
NaOH (aqueous) were added to 2 ml of the sample. The solubility 
of the sample was an indication of presence of phenolic groups 
(Ngoci et al., 2011). 
 
 
Carboxylic acid group test 
 
To test for the presence of carboxylic acid groups, 3 to 5 drops of 1 
M NaHCO3 (aq) were added to 2 ml of sample extract. Solubility 
and effervescence of the sample was a confirmation of a presence 
of carboxylic groups (Ngoci et al., 2011). 
 
 
Lucas test for alcohol groups 
 
To test for the presence of alcohol/hydroxyl groups, 3 to 5 drops of 
Lucas reagent were added to 2 ml of the sample. The formation of 
green precipitate was a confirmation of positive results. If the 
reaction took place very fast, tertiary alcohols were present, if 
moderate reaction took place, secondary alcohol were present and 
where reaction was unobservable, it indicated presence  of  primary  
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alcohols (Ngoci et al., 2011). 

 
 
Potassium permanganate test for unsaturation or hydroxyl 
group 

 
To test for the presence of double and/or triple bonds or OH 
groups, 3 to 5 drops of 1 M potassium permanganate was added 
drop wise and shaken. Decolorization of potassium permanganate 
was a confirmation of a positive test (Ngoci et al., 2011). 

 
 
Tollen’s test for aldehyde and/or ketone groups 

 
To test for the presence of aldehydes and/or ketones, 3 to 5 drops 
of Tollen’s reagent were added to 2 ml of the sample. The presence 
of silver or a black precipitate was a confirmation of a positive test 
(Ngoci et al., 2011). 

 
 
RESULTS AND DISCUSSION 
 
The methanolic and n-hexane extracts of five plants were 
tested against pathogenic microbes namely S. typhi, P. 
aeruginosa, E. coli, S. aureus and K. pneumoni. E. coli, is 
one of the most common bacteria of which virulent strains 
can cause gastroenteritis, urinary tract infections, 
neonatal meningitis. K. pneumoni is the causative 
organism of pneumonia; S. aureus is a wound infecting 
pathogen which can cause septicemia, endocarditis, and 
toxic shock syndrome; P. aeruginosa infects the 
pulmonary tract, urinary tract, burns and wounds; S. typhi 
it is a causative agent for typhoid. 

The results of antibacterial activity of plant extracts are 
shown in Table 1. F. cretica showed highest antibacterial 
activity against S. aureus and lowest inhibition against S. 
typhi. P. harmala showed the highest inhibition against S. 
aureus and K. pneumoni. Hayet et al. (2010) reported 
that the methanolic extract of P. harmala leaves showed 
strong antibacterial activity against Gram positive than 
Gram negative bacteria. Meanwhile, P. harmala showed 
low antibacterial activity against E. coli and S. aureus in 
the present study. This low activity might be due to the 
negligible amount of active principles that were present in 
the plant. Amadi et al. (2010) reported that the bio-
efficacy of plant extracts is affected by the extraction 
method and concentration.  

Furthermore, T. terrestris showed highest inhibition 
against E. coli. Mohanty et al. (2010) also reported similar 
results. The methanolic leaf extract of T. terrestris had 
alkaloids, tannins, saponins and glycosides. This agrees 
with Hussain et al. (2011) who reported the reducing 
sugar, anthraquinone, flavonoids, saponins, tannins, 
alkaloids and glycosides in stem, leaves and fruits of T. 
terrestris. Similar results were also observed by 
Kianbakht and Jahanianiian (2003) who reported that 
methanolic extracts (fruits, stems , leaves and roots) of T. 
terrestris growing in Iran inhibited the growth of S. 
aureus, E. faecalis, E. coli and P. aeruginosa and plant 
showed  considerable  activity  against   all    bacteria.   In  
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Table 1. Antibacterial activity of plants of family Zygophyllaceae and Euphorbiaceae. 
 

Plant extract Bacteria 
Zone of inhibition 

of sample (mm) 

Percentage 

 inhibition 

Mean 

(no. of samples = 5) 

Control  33   

Methanol     

Fagonia. cretica L 

Salmonella typhi 25 24.2 

(48.44) NS 

Pseudomonas aeruginosa 15 54.5 

Escherichia coli 20 39.3 

Staphylococcus aureus 12 63.6 

Klebsiella pneumoni 13 60.6 

     

2. Peganum harmala L. 

Salmonella typhi 15 54.5 

(39.36) NS 

Pseudomonas aeruginosa 16 51.5 

Escherichia coli 24 27.2 

Staphylococcus aureus 30 9.09 

Klebsiella pneumoni 15 54.5 

     

3. Tribulus terrestris L 

Salmonella typhi 12 63.6 

(50.18 6) NS 

Pseudomonas aeruginosa 17 48.4 

Escherichia coli 10 69.6 

Staphylococcus aureus 19 42.4 

Klebsiella pneumoni 23 30.3 

     

4. Chrozophora tinctoria (L.) Raf Salmonella typhi 15 54.5 

(46.00) NS 
 

Pseudomonas aeruginosa 10 69.6 

Escherichia coli 19 42.4 

Staphylococcus aureus 25 24.2 

Klebsiella pneumoni 20 39.3 

     

5. Ricinus communis L  

Salmonella typhi 14 57.5 

(52.06) NS 

Pseudomonas aeruginosa 15 54.5 

Escherichia coli 16 51.5 

Staphylococcus aureus 10 69.6 

Klebsiella pneumoni 24 27.2 

     

n-Hexane     

6. Fagonia cretica L 

Salmonella typhi 18 45.4 

41.76NS 

Pseudomonas aeruginosa 10 69.6 

Escherichia coli 23 30.3 

Staphylococcus aureus 25 24.2 

Klebsiella pneumoni 20 39.3 

     

7. Peganum harmala L 

Salmonella typhi 18 45.4 

(44.80) NS 

Pseudomonas aeruginosa 13 60.6 

Escherichia coli 21 36.3 

Staphylococcus aureus 29 12.1 

Klebsiella pneumoni 10 69.6 

     

8. Tribulus terrestris L 

Salmonella typhi 25 24.2 

(38.70) NS 

Pseudomonas aeruginosa 29 12.1 

Escherichia coli 30 9.09 

Staphylococcus aureus 12 63.6 

Klebsiella pneumoni 15 54.5 
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Table 1. Contd. 
 

9. Chrozophora tinctoria (L.) Raf 

Salmonella typhi 18 45.4 

(41.16) NS 

Pseudomonas aeruginosa 24 27.2 

Escherichia coli 30 9.09 

Staphylococcus aureus 10 69.6 

Klebsiella pneumoni 15 54.5 

     

10. Ricinus communis L  

Salmonella typhi 10 69.6 

(54.50) NS 
Pseudomonas aeruginosa 16 51.5 

Escherichia coli 14 57.5 

Staphylococcus aureus 12 63.6 

Klebsiella pneumoni 23 30.3  
 

NS, Non-significant. 
 
 
 

addition, one of the uses of T. terrestris is in urinary 
infections. Since the present study showed activity 
against the most prevalent Gram positive bacteria in 
urinary infections namely E. coli, the use of the plant as a 
urinary anti-infective is validated.  

On the other hand, C. tinctoria showed highest 
inhibition against P. aeruginosa and low antibacterial 
activity against S. aureus and K. pneumoni. R. communis 
showed highest inhibition against S. aureus. Kensa and 
Yasmin (2011) reported similar results. F. cretica, P. 
harmala and R. communis showed highest % inhibition of 
S. aureus. This maximum inhibition of S. aureus may be 
due to the solubility of some active principles in the 
methanol. Moreover, the n-hexane extracts of F. cretica 
showed highest inhibition against P. aeruginosa. Javale 
and Sabnis (2010) stated that inhibition of K. pneumoni 
might be due to the presence of capsular polysaccharide 
surrounding K. pneumoni which might have interfered 
with the antimicrobial activity of the leaf and fruit extract 
of Emblica officinalis. P. harmala showed highest 
inhibition against K. pneumoni. These findings however 
disagree with Takhi et al. (2011) who reported no 
antibacterial activity on E. coli, S. aureus and P. 
aeruginosa with alkaloidic extracts of P. harmala.  

T. terrestris showed highest inhibition against S. aureus 
and these findings support the results of Hussain et al. 
(2009). Al-Bayati et al. (2008) and Jain et al. (2010) also 
reported similar results. F. cretica and P. harmala 
showed maximum % inhibition of P. aeruginosa, while T. 
terrestris, C. tinctoria and R. communis showed 
maximum % inhibition of S. aureus. The present results 
clearly showed that the antibacterial activity varied with 
the plant species and the extracts used and it agrees with 
Mahesh and Satish (2008). The t-test done for comparing 
the antibacterial activity of methanolic and n-hexane plant 
extracts against various microbes revealed that there was 
no significant difference between the two solvents used in 
the present study. The n- hexane extract of F. cretica and 
P. harmala were more inhibitory than methanolic extract. 
Walter et  al. (2011)  reported  similar  results. Methanolic 

extract of T. terrestris was also more inhibitory than the n-
hexane extract. This is supported by Devi et al. (2009) 
and Amadi et al. (2010) who found similar results. Devi et 
al. (2009) reviewed that methanol extraction yielded 
higher antimicrobial activity than n-hexane. The variation 
of antibacterial activity among different crude extracts of 
this investigation might be due to distribution of varied 
antimicrobial substance. Similarly, Owoseni et al. (2010) 
reviewed that different extracts of plants show different 
antimicrobial activities on an organism.  

Comparing the microorganism’s inhibition, the 
methanolic extract of F. cretica, P. harmala and R. 
communis showed highest % inhibition of S. aureus and 
this agrees with Arote et al. (2009) who found that 
methanolic extract of Pongamia pinnata was effective 
against S. aureus. The n-hexane extract of F. cretica and 
P. harmala showed maximum % inhibition of P. 
aeruginosa, while T. terrestris, C. tinctoria and R. 
communis were highly inhibitory against S. aureus. The 
factors responsible for this high susceptibility of the 
bacteria to the extracts are not exactly known, but may 
be attributed to the presence of secondary plant 
metabolites or which is soluble in solvents tested and to 
the structural differences in the cell envelope 
compositions of the Gram negative and the Gram positive 
bacteria (Devi, 2009). The present study showed that 
Gram negative bacteria were more sensitive to the tested 
methanolic and n-hexane extracts as compare to the 
Gram positive bacteria. The highest sensitivity of S. 
aureus may be due to its cell wall structure and outer 
membrane (Shan et al., 2007). This, however, disagree 
with the findings of Shan et al. (2007) who found that S. 
aureus was the most sensitive. S. aureus and E. coli 
were resistant in the present study; similar results were 
also reported by Shan et al. (2007).  
 
 
Phytochemical screening   
 
The bio-activity of natural products is due to phytochemicals  
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having therapeutic, prophylactic, nutritional and anti-
bacterial properties. Phytochemical screening of plant 
materials is thus vital in the knowledge of their 
therapeutic properties. They have been found to 
inadvertently confer anti-microbial protections to humans 
due to compounds synthesized in the secondary 
metabolism as well as being immunomodulatory (Al-
Bayati and Al-Mola, 2008). Saponins have antibiotic and 
antimicrobial activity (Mandal et al., 2005) and this activity 
of saponin is due to its ability to cause leakage of 
proteins and certain enzymes from the cell. The 
methanolic extract of F. cretica, P. harmala, C. tinctoria 
revealed the presence of saponins in T. terrestris and R. 
communis. This agrees with Raja and Venkataraman 
(2011) who also reported that T. terrestris and Tribulus 
alatus showed the presence of saponins.  

Alkaloids have analgesics, antimicrobial and 
antioxidant activity (Igbinosa et al., 2009; Govindappa et 
al., 2011). Alkaloids were present in all the plants. Raja 
and Venkataraman (2011) reported similar findings. 
Alkaloids interfere with cell division, hence the presence 
of alkaloids in the studied plants could account for the 
inhibition of bacterial species in this study. Mughal et al. 
(2010) and Siddiqui et al. (2009) reported similar results 
in Euphorbiaceae members. Tannins had antibacterial 
activities and they decrease the bacterial proliferation by 
blocking key enzymes at microbial metabolism (Mungole 
et al., 2010). The methanolic extract of C. tinctoria and R. 
communis contained tannins. Singh et al. (2010) reported 
similar results. Ogunwenmo et al. (2007) reviewed that 
water-soluble tannins are toxic to bacteria. Flavonoids 
have antimicrobial activity and are probably due to their 
ability to complex with extracellular and soluble proteins 
and bacteria cell wall (Njoku and Obi, 2007). Flavonoids 
were found in the methanolic extract of F. cretica. This 
agrees with Khalik et al. (2000) who also reported 
flavonoids and triterpenoids saponins in F. cretica. 
Flavonoids were found in the methanolic extract of P. 
harmala. Arshad et al. (2008) reported similar findings. 
Flavonoids were found in the methanolic extract of T. 
terrestris and it agrees with Rajkala et al. (2011) who 
reported flavonoids in the fruits of T. terrestris. Flavonoids 
were also present in C. tinctoria and R. communis. Jain 
et al. (2010); Jain and Nafis (2011) also reported similar 
findings. Tannins, saponins, alkaloids, phenols, 
flavonoids, oil, ricinoleic acid, ricin and monoterpenoides 
were found in the leaf extract of R. communis (Kensa and 
Yasmin, 2011).  

Furthermore, glycosides were present in the methanolic 
extract of F. cretica, P. harmala. Terpenoids were found 
in the methanolic extract of P. harmala. These results 
agree with Siddiqui et al. (2009) who reported flavonoids 
in Euphorbia hirta, steroids and cardiac glycosides in 
Jatropha gossypifolia, tannins in Phyllanthus niruri. 
Steroids were present in the methanolic extract of P. 
harmala, T. terrestris and C. tinctoria. Amino acids were 
present  in  the  methanolic  extract  of  F. cretica  and  P.  

 
 
 
 
harmala. Reducing sugars were present in the 
methanolic extract of F. cretica, P. harmala and T. 
terrestris. This agrees with the findings of Hussain et al. 
(2011) who reported the reducing sugar in stem, leaves 
and fruits of T. terrestris. Phenolics were found in the 
methanolic extract of P. harmala. Phenolics have anti-
inflammatory, antioxidant, and antimutagenic and 
anticarcinogenic activities. As they are widespread in 
plant-based foods, humans consume phenolic acids on a 
daily basis (Stalikas 2007). In the present study chemical 
group tests showed that the methanolic extract of F. 
cretica, P. harmala, T. terrestris, C. tinctoria and R. 
communis revealed the presence of OH, carboxylic and 
phenolic groups. The methanolic and n-hexane extract of 
F. cretica, P. harmala, T. terrestris, C. tinctoria and R. 
communis showed the absence of aldehyde or and 
ketone group. 

Phytochemical screening of the n-hexane extract of all 
the plants showed the absence of saponins, alkaloids, 
tannins, phlobatannins and anthraquinones in the present 
study. Flavonoids were found in the n-hexane extract of 
F. cretica, P. harmala, T. terrestris, C. tinctoria and R. 
communis. Glycosides were present in the n-hexane 
extract of F. cretica and T. terrestris, while terpenoids 
were found in the n-hexane extract of F. cretica, T. 
terrestris, C. tinctoria and R. communis. Steroids were 
present in the n-hexane extract of F. cretica, P. harmala. 
Amino acids were found in the n-hexane extract of P. 
harmala, T. terrestris, C. tinctoria. Rafique and Chaudhry, 
(1999) stated that phytoconstituents are known to vary 
with ecological factors as well as with the seasonal 
variations.  

In the present study chemical group tests revealed that 
the n-hexane extract of F. cretica, T. terrestris, C. 
tinctoria and R. communis contained OH, phenolic, 
carboxylic group. In the phytochemical screening, oils 
were found in stems and fruits of F. cretica, in the roots, 
leaves and fruits of T. terrestris, in roots, stems and fruits 
and in stems and leaves of R. communis. Mucilage was 
also present in the stems and fruits and of F. cretica, in 
the roots, leaves and fruits of T. terrestris. Meanwhile, it 
was present only in leaves of C. tinctoria. It was also 
present in the stems and leaves of R. communis in the 
present study. It is observed and not surprising that there 
are differences in the antibacterial effects of plant species 
in the present study. It is quite possible that some of the 
plants that showed ineffectiveness in this study could be 
due to less constituents, just not in sufficient 
concentrations so as to be effective or the active 
chemical constituents were not soluble in methanol or 
hexane (Parekh and Chanda, 2007). An interesting 
finding in the present study is that as far as solvent is 
concerned, the n-hexane extracts exhibited the maximum 
antibacterial activity as compared to methanol. This 
suggests that n-hexane is a best solvent to extract active 
principles from the plant material than the other solvent 
used. 



 
 
 
 

The variations of the present results with the previous 
findings are not unexpected as phytoconstituents are 
known to vary with ecological factors (Upadhyay et al., 
2010). Sometimes the composition of the chemicals 
change with the orientation of the plant parts (Sayal et al., 
1999). The environmental factors such as rain fall or 
drought enhances the quality of active compounds or 
diminishes it (Upadhyay et al. 2010). Other factors like 
soil nature, temperature, (Yang et al., 2011), and length 
of the sunny period also counts very much (Upadhyay et 
al., 2010). 

The present study shows that the plants possess 
antibacterial activity which in the extracted form can be 
utilized successfully to treat infectious diseases and 
protect the host from microbial infections. In this regard, 
plants used in the traditional system of medicine offer a 
great reservoir for the discovery of not only antimicrobial 
drugs but some other drugs as well. 
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