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Abstract: Antibiotic is one of the most important commercially exploited secondary metabolites produced by bacteria and 

fungi and employed in a wide range. With the increase in antibiotic resistance in microbial population the need for new 

antibiotics is increasing day by day. Extreme habitats are increasingly being recognized as sources of secondary metabolites 

which provide an encouraging source for development of novel natural pharmaceuticals. The present study is focused on 

screening of samples collected from under-explored ecological niches like marine environments &rhizosphere of plants. 

Screening of bacteria with potential antibiotic activity was carried out using Wilkins overlay technique. The isolates were 

identified based on their morphology & further confirmed through biochemical tests. Antibiotic producing ability was 

confirmed by Antimicrobial Susceptibility Testing (AST). A total of 11 isolates belonging to different genera were found. The 

production and extraction of antibiotics were done using synthetic fermentation broth method and methanol extraction 

method. The Minimal Inhibition Concentration (MIC) was determined by agar well diffusion method. UV spectrophotometric 

analysis was carried out to determine the class of antibiotics. Present research suggests that soil & hot water spring isolates 

having antibiotic producing capability can be further employed for industrial production of antibiotics after proper 

standardization.   

 

Index Terms:Screening, Biochemical tests, Antimicrobial Susceptibility Testing (AST), Minimal Inhibition 

Concentration (MIC), UV spectrophotometry. 
 

I. INTRODUCTION 

Antibiotics are chemical substances that can inhibit the growth of or even destroy harmful microorganism.However, the 

over-prescription and misuse of antibiotics resulted in the development of resistant strains of various pathogens. Thus, 

extensive efforts have been carried out by many scientists in order to screen novel antibiotic producers. Through their efforts, 

many antibiotics have been discovered successfully that act against pathogens that cause diseases. But, the emergence of new 

diseases and re-emergence of multiple-antibiotic resistance pathogens have given rise to the need for the discovery of new 

antibiotics (Lihanet al, 2014).  

Antibiotics can be classified according to their mode of actions. Antibiotics are classified as broad-spectrum antibiotics 

when they have the ability to affect a wide range of gram-positive and gram-negative bacteria while antibiotics that only 

effective towards certain group of bacteria are known as narrow-spectrum antibiotics (Samuel Lihanet al, 2014). Antibiotics 

that are currently of greatest use have been derived from a relatively small group of bacteria belonging to the genera 

Streptomyces, Micromonospora and Bacillus (Sethiet al, 2013). 

It is feasible to screen antibiotic producing bacteria as they are very easy to isolate, culture and maintain (Lihanet al, 2014, 

Abdulkadir et al, 2012) and some ecosystems such as microbial plant endophytes, plant rhizospheres, microbial insect 

symbionts, lichens and most marine environments including hot water springs and thermal vents can be explored for presence 

of antibiotic producers (Nordenfjäll, 2014).However, soil and hot water springs, which are naturally occurring loose mixture 

of mineral and organic particles, still remains the most important target for most researchers in their efforts to discover novel 

antibiotics which have pharmaceutical values. This is because many microbes especially bacteria that are present in soil and 

hot water springs have the ability to produce biologically active secondary metabolites such as useful antibiotics. In their 

natural habitats, bacteria utilize the antibiotics they produce as protective substances by turning the invasion of other bacterial 

species ineffective (Lihanet al, 2014, Bavishiet al, 2017). Thus, according to Linares et al, 2006, protection is not the only 

function of antibiotics, they also act as signalling molecules that bacteria use as a means of communication between cells.    

The present investigation has undertaken with an effort to isolate antibiotic producers from rhizosphere of medicinal plant 

and hot water springsfrom Mumbai, India and to optimise production, extraction and characterisation of antibiotic.  

 

II. MATERIAL AND METHODS 

Collection of sample: 

The soil sample was collected from rhizosphere of various medicinal plants like Neem, Tulsi, Insulin plant, Kapur, Bhang and 

Seeta-ashoka from Kandivali and water sample was collected from hot spring water from 4 kunds of Vajreshwari temple in 

vasai, Mumbai, India.  
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Isolation and screening of antibiotic producers: 

Isolation and screening of antibiotic producing bacteria was done using crowded plate technique and the identification of 

antibiotic producing colonies was done by Wilkins overlay method. Test culturesused were S.aureus and  E.coli(Bavishiet al, 

2017). 

Characterization of Pure Antibiotic Producing Bacterial Isolates: 

Macroscopic and microscopic characteristics of bacterial isolates were studied (Torome, 2011,Abdulkadiret al, 2012) and the 

identification of bacterial isolates wasdone based on Bergey’s Manual of Determinative Bacteriology.   

Production and Extraction of Secondary Metabolites from Pure Isolates: 

Production and extraction of secondary metabolites was carried out using two different methods. Agar plates containingpure 

antibiotic producer were dried in hot air oven at 40℃and then grinded before immersionin absolute methanol. After 4 days of 

immersion, the solvent was filtered and then concentrated by evaporation at room temperature. The collected crude methanol 

extracts were kept in refrigerator for further usage (Samuel Lihanet al, 2014).   

The second method involved the enrichment of pure Antibiotic producer in tryptic soy broth medium and then transferred in 

synthetic fermentation broth medium. After inoculation, medium was kept at shaking condition for 96hr and then bymedium 

centrifugation supernatant containing crude antibiotic was separated and stored for further analysis (Sethiet al, 2013). 

Antimicrobial Susceptibility Testing (AST): 

AST was carried out via agar well diffusion method on Muller Hinton agar medium seeded with test culture for the antibiotics 

extracted by Methanol extraction and Synthetic Fermentation broth extraction. Test cultures used were S.aureus, E.coli, 

B.subtilis and S.typhi (Sethiet al, 2013, Abdulkadiret al, 2012).  

Determination of Minimum Inhibitory Concentration (MIC) of extracted antibiotic: 

Determination of MIC for crude extracted antibiotic was carried by agar well diffusion method. The antibiotic concentrations 

used were in the range of 20-70mg/ml of the antibiotic extract that exhibited superior activity against the test 

organisms(Lihanet al, 2014). 

UV spectrophotometric analysis: 

All the methanolic extracts were scanned at UV-Visible spectrum to determine theclass of antibiotics (Severinoet al 2015, 

Balyejjusaaet al 2002, Abdulghaniet al 2013, Herriott 1946, Krzeket al 2011, Hadi 2014, Tilincae.et al, 2017). Standard 

antibiotics belonging to different classes were used as standards.  

 

III. RESULTS 

Isolation and screening of antibiotic producers: 

Soil samples from rhizosphereof medicinal plant and water sample from hot water spring were chosen as samples for analysis 

in this study as these native microorganisms have higher probability to produce novel antimicrobial substances. Total of 11 

bacterial isolates from different soil and water samples were isolated via preliminary screening and selection. The first seven 

isolates were obtained from rhizospheres of plants like Tulsi, Bhang and Insulin and were numbered 1-7 respectively. Four 

isolates were obtained from hot water springs and were numbered 8-11 respectively. All bacterial isolates were subjected to 

secondary screening (Figure 1). 

Characterization of Pure Antibiotic Producing Bacterial Isolates: 

Gram nature of pure antibiotic producing isolates was determined and 4 isolates were found to be Gram-negative and 7 

isolates were found to be Gram-positive.Various Biochemical tests (Table 1) were performed to classify bacterial isolates and 

based on Bergey’s manual isolateswere classified under the GenusMicromonospora(Thawaiet al, 2018),Actinomycetes 

(Salimet al, 2017), Pseudomonas(Darabpouret al, 2010), Bacillus (Kutaet al, 2009). 

Extraction of antibiotic and Antimicrobial Susceptibility Testing (AST): 

Antibiotic extraction was carried out using methanol extraction and fermentation broth method. AST of methanol crude 

extracts and broth extract, obtained from all isolates, was analyzed using Agar well diffusion method. Crude extracted 

antibiotic exhibited the ability to inhibit the growth of the test organism used in this study. This result was in parallel with the 

result obtained during secondary screening, where the isolate exhibited strong anti-bacterial activities. Extract from these 

isolates were active against S.aureus, B.subtilis(Figure 2) (Gram-positive bacterium) and E.coli, S.typhi(Gram-negative 

bacterium) whereby the size of inhibition zone was approximatelysame. If compared between Gram-positive and Gram-

negative, it gives the better result against Gram-positive organisms. All the antibiotics extracted from methanol extraction 

method were found to be active and efficient in inhibiting the growth of test organisms (Graph 1, Graph 2). Hence, methanol 

extraction method was preferred to be used for MIC determination as it is also possible to obtain crystals of antibiotic in this 

method that can be used to prepare different concentrations. 

Minimum Inhibitory Concentration (MIC) of extracted antibiotic: 

Minimum inhibitory concentration of antibiotic extracts were estimated against test organisms S.aureus, B. subtilis(Gram-

positive bacterium) and E. coli, S. typhi(Gram-negative bacterium), in the range from 20mg/ml – 70mg/ml.  Crude antibiotic 

extracted from isolates 3 and 4 were selected for MIC determination as they showed superior activity and effect against test 

organisms during AST. Antibiotic extract from isolate 3 and 4(Figure 3) showed inhibitory activity against S.aureusandB. 

subtilis(in case of isolate 4)even in low concentrations while its MIC values is 60mg/ml as it was seen to be inhibiting all the 

test organisms at this concentration (Graph 3, Graph 4). Extracted antibiotics show much more efficient activity against Gram-

positive organisms at lower concentrations than Gram-negative organisms, but can inhibit Gram-negative organisms at higher 

concentrations. 
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Figure 1. Screening of Antibiotic 

producers from soil and water sample 

 

Figure 2. AST of crude 

methanolic extract 

Figure 3. MIC determination 

of crude methanolic extract 

 

Table 1. Biochemical analysis of isolated antibiotic producers 

 

Test\Sample 

no. 
1 2 3 4 5 6 7 8 9 10 11 

Sugar 

fermentation 
           

Glucose + + + - + + + + + - - 

Maltose + + + - + + + + + - - 

Sucrose + + - - + + + + + + - 

Lactose + + - - + + + + + + - 

Mannitol + + - - + + + + + - - 

Xylose + - - - + + + + + - - 

Triple Sugar 

Iron test 
NA NA  NA NA    NA NA NA 

Butt   Acd   Acd Alk Acd    

Slant   Alk   Alk Alk Acd    

Gas   -   - - -    

H2S   -   - - -    

IMViC  Test NA NA  NA NA    NA NA NA 

Indole   -   - - -    

Methyl Red   +   + + +    

Vogus 

Proskauer 
  -   - - -    

Citrate   -   - - +    

Urease - - - - - - - - - - - 

Catalase + - - + + + + + + - + 

Oxidase + - + - + + + - + - + 

Motility - - - - - + - - - - - 

Gram Nature + + - + + - - - + + + 

Key: +=Positive,   - = Negative,   Acd = Acidic,   Alk = Alkaline 

 

UV spectrophotometric analysis: 

Extracted antibiotics were analyzed using UV Spectrophotometer for determination their class. On comparison of λmax of 

extracted antibiotic with that of standard antibiotic, antibiotics were found to be belonging to Anti-mycobacterial and 

Antimetabolite class. 
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Graph 1. AST of Methanolic extract against Gram positive and Gram negative test organisms 

 

 

 
 

Graph 2. AST of antibiotic from fermentation broth against Gram positive and Gram negative test organisms 
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Graph 3. MIC determination of crude methanolic extract from isolate 3 

 

 

 
Graph4. MIC determination of crude methanolic extract from isolate 4 

 

 

IV. CONCLUSION: 

Soil samples are commonly evaluated for isolation of the antibiotic producing organisms, since soil microorganisms 

produce diverse antibiotics as they have to compete against each other for their nutrition, space and survival. The aim of this 

study isto isolate microorganisms from different ecological niches like soil from Rhizospheres of Medicinal plants – Tulsi, 

Neem and Insulin plant, hot water springs.  

The antimicrobial potential of crude extracts of isolated micro-organisms from hot water springs and rhizosphere of plants 

that act against selected test organisms – E.coli, S.aureus, S.typhi, B.subtilisis demonstrated in this work based on results from 

AST assays. The extracts showed antimicrobial activity and are likely to be potential candidates for discovery of novel 

secondary metabolites for application as antibiotics. Importantly, this study shows that extreme habitats may harbour 

antibiotic producing organisms which could be useful as sources of antimicrobial compounds especially in this era of 

increasing antimicrobial resistance of microbes to the existing antibiotics. The MIC determination of the extracted antibiotics 

that exhibited superior activity against test organisms during AST analysis (sample 3 and sample 4) was carried out which 

showed 20mg/ml concentration of antibiotic can effectively inhibit growth of Gram positive and Gram negative organisms.  

Purification of the extracted antibiotics can be done using various chromatographic techniques as well as counter current 

extraction methods as solventsolventextraction needs to be optimized separately for each antibiotic extract.  

UV spectrophotometric analysis of the extracted antibiotics was carried out to comment on the class of antibiotics.Antibiotic 

extracted from isolate 1, 3, 4, 6 and 7 showed lambda max nearby the values of standard antibiotics. The other antibiotics can 

be purified further for determination of its class by UV spectrophotometric analysis. The antibiotic extracted from isolate 1 

may belong to class of Antimetabolites and 3, 4, 6 and 7 may belong to class antimycobacterials. 

Although the in vitro evaluation of the extracts for antibacterial activity may not give any correlation with in vivo assays, 

they may aid in screening studies to provide positive antagonists for further testing by in vivo assays. Furthermore, the eleven 

isolates that were active on all the test organisms could potentially be developed as producers of novel metabolites.  
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