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showed better activity against E. coli and P. aeruginosa than the 
antibiotic (Table 1). The ethanolic extract and antibiotic showed 
equal zone of inhibition against K.pneumoniae and S.typhi. 
Effectiveness of the ethanolic extracts might be due to its ability to 
dissolve most of the aromatic or saturated organic compounds of 
the plants [14]. Methanolic extract showed activity only against 
S.typhi(12 mm) and E. coli (8 mm)and rest of the strains were 
resistant to the extract. This extract exhibited higher zone of 
inhibition against S.typhi than the chloramphenicol (10.7 mm).  
The results revealed that all extracts exhibited higher zone of 
inhibition than the standard antibiotic, since their activity was 
greater or equal to inhibition zones against six out of eight bacterial 
strains. But the antibiotic showed higher zone of inhibition than all 
the extracts in case of S. aureus and S.epidermidis (Table 1). 
Minimum inhibition zones were observed in case of S.aureus being 

a multi-resistant bacterium to drugs [15]; while E. coli and 
P.aeruginosa were found more susceptible to the extracts. The 
results revealed that the plant extracts have great potential as 
antimicrobial compounds against microorganisms.  
A number of factors influence the diameter of the inhibition zone 
such as drug infusibility, nature, composition, thickness and pH of 
the medium, presence of stimulatory or inhibitory substances and 
the incubation time [16]. According to the results, S.typhi was 
susceptible to almost all the extracts. Gehlot&Bohra[17] confirmed 
that leaf extract of F.indica was found most effective against 
Salmonella typhi. E. coli is known as multi-resistant to drugs 
however it was found susceptible to all the plant extracts 
tested[15]. Similarly P.aeruginosa, which is also resistant to 
different antibiotics [15], had growth inhibited by the extracts from 
Fagoniaindica. 

 
Table1: Zone of Inhibition of Fagoniaindica extracts at concentration of 15mg/ml against selected bacterial strains. 

Values are expressed as mean μS.D. after triplicate analysis, - No activity 
 

Minimum Inhibitory Concentration (MIC) 

The strains which exhibited sensitivity to plant extracts were 
selected further to determine minimum inhibitory concentration 
(MIC) of the plant extracts. The MIC for crude extracts is shown in 
Table 3.2. Minimum inhibitory concentration for n-hexane, 
chloroform, acetone, ethyl acetate and ethanol extracts ranged 
from 1-2.5 mg/ml. The MIC of n-hexane extract was 2.5mg/ml for 
S.epidermidis, E.coli and K.pneumoniaeand1mg/ml for 
P.aeruginosa.  
The MIC of chloroform extract was 2.5mg/ml for S.epidermidis, E. 
coli and S.aureus while K. pneumonia and P.aeruginosa had 
1mg/ml. Ethyl acetate extract showed inhibitory growth against 
S.aureus and S.epidermidis at 1mg/ml MIC;while E. coli, 
K.pneumoniae and P.aeruginosa was inhibited at 2.5mg/ml (Table 
3.2). 
Acetone extract showed activity at 1 mg/ml MIC against 
S.epidermidis, S.aureus, P.aeruginosa and K.pneumoniae; while E. 
coli was inhibited at 2.5 mg/ ml, Similarly, ethanol extract exhibited 
activity at 1mg/ml against P.aeruginosa, E. coli and K.pneumoniae; 

while growth of S.aureus and S.epidermidis was inhibited at 2.5 
mg/ml (Table 2).Growth of all the bacterial strains was completely 
inhibited at 1mg/ml by butanol extract. 
E. coli being an antibiotic resistant bacterium was inhibited by 
relatively higher concentration of about all the extracts i.e., 2.5 
mg/ml. Growth of P.aeruginosa and K.pneumoniae was effectively 
inhibited by most of the extracts at 1 mg/ml. Minimum inhibitory 
concentration of the antibiotic also ranged from 1-2.5 mg/ml. Thus 
antimicrobial activity of the F.indica is similar to the standard 
antibiotic (Table 2). 
Butanol extract exhibited highest zones of inhibition, wherever it 
showed activity. The largest inhibition zone was exhibited by it 
against P.aeruginosa (21.7mm) and E. coli (20mm). M.luteus was 
the resistant bacterium, as has shown resistance to four out of 
seven extracts. The minimum MIC values (1mg/ml) were exhibited 
by the butanol extract. 
 
 

 

 
 
Extracts 

Zone of Inhibition (mm)

Bacterial strains

S.aureus S.epidermidis E. coli P.aeruginosa K.pneumoniae S.typhi L.bulgaricus M.luteus

n-hexane - 14μ1.06 11μ0.00 12μ0.00 13μ0.35 - 13μ0.00 -

Chloroform 12μ0.3 13μ0.35 14μ0.00 12μ0.00 14μ0.70 - 12μ0.30 -

Acetone 14μ0.1 14μ0.17 15μ0.57 16μ0.58 13.6μ0.00 15μ1 9μ0.70 13μ0.0

Ethyl acetate 13μ1 13.7μ0.58 13μ1.03 14.5μ0.58 11μ2 17μ1.5 10μ1.75 11μ0.5

Butanol - 17.6μ0.30 20μ1 21.7μ1 15μ0.86 - 13μ0.70 9μ1.7

Ethanol 14μ0.7 15μ0.00 13.6μ2 16.7μ0.00 12μ1.4 10μ2.8 - -

Methanol - - 8μ0.57 - - 12μ0.0 - -

Chloram-
phenicol 

18.3μ0.0 17μ0.00 10μ0.00 10.5μ0.00 12μ0.00 10.7μ0.0 9μ0.00 11μ0.0
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Table 2: MIC of effective F.indica extracts against selected bacterial strains. 

 
Microorganisms 

MIC (mg/ml)

Extracts Standard

n-hexane Chloroform Acetone Ethyl acetate Butanol Ethanol Chloramphenicol

S.aureus - 2.5 1 1 - 2.5 1

S.epidermidis 2.5 2.5 1 1 1 2.5 1

E. coli 2.5 2.5 2.5 2.5 1 1 2.5

P.aeruginosa 1 1 1 2.5 1 1 2.5

K.pneumoniae 2.5 1 1 2.5 1 1 1

- No activity 
 

Antifungal Activity of Different Crude Extracts 

Antifungal activity of different extracts (n-hexane, chloroform, 
acetone, ethyl acetate, butanol, ethanol and methanol) of F.indica 
was tested against Candida 
albicans,Aspergillusniger,Fusariumoxysporum,Aspergillusfumigatu
sandNeurosporasitophilla.According to the results, all the extracts 

have shown moderate inhibitory effects against the tested fungal 
strains. The results are presented in Table 3. The growth inhibition 
of n-hexane extract was in the order of N.sitophilla(15mm) 
>F.oxysporum (11mm) and >A.niger (10mm), while it was found 
ineffective against C.albicans and A.fumigatus.  

 

Table 3: Antifungal activity of F.indicaextracts against selected fungal strains. 

 
Extracts 

Zone of Inhibition (mm)

Microorganisms

A.niger A.fumigatus F.oxysporum N.sitophilla C.albicans 

n-hexane 10 - 11 15 - 

Chloroform - 10 - - 10 

Acetone - 11 12 - 11 

Ethyl acetate 13 11 10 9 11 

Butanol 9 12 8 - 10 

Ethanol - 10 16 - 9 

Methanol 12 11 10 - - 

Antibiotic 17 21 18 18 16 

- No activity 
 
Aspergillusniger, Fusariumoxysporum and Neurosporasitophilla 
were found resistant to chloroform extract, while the growth of 
Aspergillusfumigatus and C.albicans (10mm each) was inhibited by 
it (Table 3). Acetone and ethanolic extracts demonstrated good 
activity against Fusariumoxysporum (12mm), followed 
byAspergillusfumigatus and C.albicans (10mm each),while it failed 
to express any activity against Neurosporasitophilla and 
Aspergillusniger. Ethyl acetate extract exhibited antifungal activity 
against all the tested fungi. Butanol and methanolic extracts were 
active against all the fungal strains tested except 
Neurosporasitophilla. Highest inhibition zone was shown by 
ethanol extract against Fusariumoxysporumat 16mm, followed by 
15mm by n-hexane against N.sitophilla. 
All the extracts showed less activity than the antibiotic as their 
inhibition zones were less than that of the antibiotic used (Table 3). 
While, these extracts have shown distinct feature that all these 

completely checked the fungal spores and interestingly no growth 
was observed even after a month of incubation. 

Antifungal Index (%) 

Results of antifungal index of different extracts against selected 
strains are presented in Table 4. Various concentrations of the 
extracts of F.indica inhibited the fungal growth of A. fumigatus, A. 
niger and F.oxysporum and C.albicans. Results of the antifungal 
index indicated that the inhibition of fungal growth was directly 
proportional to the concentration of extracts (Table 4). Butanol and 
ethyl acetate extracts showed complete inhibition (i.e., 100% fungal 
index) on the growth of A.niger and A. fumigates at 5 and 10 mg/ml 
respectively. Ethyl acetate extract completely inhibited growth of 
F.oxysporum and C. albicans at 7.5 mg/ml; while butanol extract 
showed inhibition of F.oxysporum at 2.5 mg/ml and C. albicans at 5 
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mg/ml. Acetone extract showed 100% antifungal index at a 
concentration of 10 mg/ml against A. fumigates and F.oxysporum 
and 2.5 mg/ml against C. albicans.  
The ethanol extract exhibited 100% antifungal index at 7.5 mg/ml 
concentration against F.oxysporum; while A.fumigatus and C. 
albicans were inhibited at 10 mg/ml concentartion. The antibiotic 
showed 100% antifungal activity at 1 mg/ml (Table 4). The results 
have shown that the extracts of F. indica completely inhibited 

growth of the fungi however, complete inhibition was observed 
relatively at higher concentration. The results of this work 
suggested that the suppression of fungal growth supports the use 
of F. indica for different types of skin infections by indigenous 
people of Thal desert [6]. These results showed a fairly high 
correlation between antifungal activity of F. indica and its traditional 
medicinal use. 

Table 4: Antifungal Index (%) of fungal strainsinhibited by various extracts 

 
Extracts 

Concentrations mg/ml 

Antifungal index of fungal strains (%) 

A.niger
 

A.fumigatus
 

F.oxysporum 
 

C.albicans

 
 
Acetone 

10 - 100 100 100

7.5 - 80 88 100

5 - 70 40 100

2.5 - 57 20 100

1 - 50 20 28.57

 
 
Ethyl acetate 

10 100 100 100 100

7.5 100 82.5 100 100

5 100 80 80 94

2.5 86.67 75 72 89

1 66.67 37.5 64 57

 
 
Ethanol 

10 - 100 100 100

7.5 - 90 100 91

5 - 62.5 84 89

2.5 - 37.5 76 80

1 - 35 76 65

 
 
Butanol 

10 100 100 100 100

7.5 100 85 100 100

5 100 75 100 100

2.5 50 50 100 80

1 33 50 76 14.28

 
 
Chloroform 

10 - - - 100

7.5 - - - 100

5 - - - 100

2.5 - - - 100

1 - - - 83

 
 
Antibiotic 

10 100 100 100 100

7.5 100 100 100 100

5 100 100 100 100

2.5 100 100 100 100

1 100 100 100 100

- Due to less/no activity, MIC value was not determined 

Minimum Inhibitory Concentration 

The fungal strains which showed good sensitivity to plant extracts 
were selected further to determine minimum inhibitory 
concentration (MIC). MIC values are given in Table 5. Minimum 
inhibitory concentration for ethyl acetate and ethanol extracts was 

found 1mg/ml against all the fungal strains tested. The total 
minimum inhibitory concentration range of butanol extract was 1-
2.5 mg/ml.  
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Table 5: MIC of F.indicaextracts (mg/ml) against selected fungal strains. 

 
Microorganisms 

Extracts
Standard Ethyl acetate Butanol Ethanol Acetone Chloroform 

A.niger 1 1 - - - 1

A.fumigatus 1 1 1 1 - 1

F.oxysporum 1 1 1 5 - 1

C.albicans 1 5 1 2.5 1 1

    - Due to less/no activity MIC was not determined. 

The butanol extract showed minimum inhibitory concentration of 1 
mg/ml against F.oxysporum, A. fumigates and A.niger followed by 
2.5 mg/ml for C.albicans (Table 5). The MIC value of acetone 
extract was recorded at 2.5 mg/ml for A. fumigates followed by 2.5 
mg/ml for C.albicans, and 5 mg/ml for F.oxysporum. Chloroform 
extract had shown activity against C.albicans; therefore MIC of the 
extract was recorded at 1 mg/ml. The antibiotic showed activity at 
1mg/ml. Antifungal activity was shown at all concentrations of each 

extracts; this indicates that F. indica is highly active against the 
selected fungal strains. 
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