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Prevalence and antimicrobial susceptibility pattern of Non-

fermenting Gram-negative bacilli in all clinical samples from a 

tertiary care hospital of Eastern India. 

 

Abstract: 

Introduction: Non-fermenting Gram-negative bacilli (NFGNB) was initially considered as non-

pathogenic and contaminants but now have emerged as major pathogens and threat to the 

society because of increased isolation and emerging resistance to common antimicrobial 

agents. 

Aims and objectives: The study aimed to determine the prevalence of NFGNB in all clinical 

samples submitted to the Department of Microbiology, NRS Medical College, Kolkata for a 

period of one year. 

Materials and methods: The samples received were processed according to standard 

procedures and antimicrobial susceptibility testing done using Kirby Bauer disc diffusion 

method. 

Results: 157 NFGNB was isolated from 725 bacterial isolates (21.65%). Pseudomonas species 

(n=84) was isolated most frequently followed by Acinetobacter spp (n=73). Male population 

was more affected compared to female population.  Pseudomonas showed maximum 

sensitivity to Meropenem followed by Imipenem.  Cephalosporins showed high degree of 

resistance. 

Conclusion:  It is necessary to identify NFGNB in tertiary care hospitals to take strict infection 

control measures to limit the spread of the underlying resistance mechanisms caused by 

these pathogens and to monitor their susceptibility pattern to guide the clinician for better 

care and management of patients. Since NFGNB are emerging as major community and 

hospital acquired infection, this study will help initiate proper empirical antimicrobial therapy. 

 

Keywords: NFGNB, Pseudomonas, Acinetobacter, antimicrobial susceptibility. 

 

Introduction: 

Organisms which are aerobic, non-spore forming, Gram Negative rod and either 

do not take carbohydrates as their energy source or utilize them by various 

metabolic pathways except fermentation are known as Non-fermenting Gram-

negative bacilli. Organisms show growth on slant of TSI (triple sugar iron) 
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medium but not in the butt part. These organisms never acidify the butt of the 

test media1. They are saprophytic in nature but can cause a significant number 

of infections particularly in hospitalized patients, immunocompromised hosts 

and patients with haematological malignancies2.  NFGNB are known to account 

for about 15% of all bacterial isolates from a clinical Microbiology laboratory3. 

Inherent resistance of these bacterial agents to commonly used disinfectants 

and their tendency to colonize various surfaces have been pivotal in their 

emergence as important nosocomial pathogens4.Currently Pseudomonas 

aeruginosa and Acinetobacter baumannii are the most commonly isolated non-

fermenters pathogenic in humans. Infections caused by other species are 

relatively infrequent. Normally most of the infections caused by these organisms 

are secondary infections because their infections are mainly seen in patients 

already suffering from any other primary conditions like burns, prolonged 

antimicrobial therapy, patient on any immunosuppressive agents, old age etc6. 

Recent studies have shown that Pseudomonas aeruginosa is the second most 

common cause of nosocomial pneumonia and ventilator associated 

pneumonia7,8. Members of non-fermenting Gram-negative bacteria show 

resistance to a wide range of commonly used antibiotics by several mechanisms 

like antimicrobial inactivating enzymes, reduced access to bacterial targets and 

point mutations that change targets or cellular functions9. Due to increased 

frequency of isolation of NFGNB and the presence of antimicrobial resistance, 

the current study was undertaken to know the prevalence of NFGNB and their 

antimicrobial susceptibility pattern in our hospital setting. 

Aims and objectives:  
1. To know the prevalence of NFGNB among all clinical isolates. 

2. To know the antimicrobial susceptibility of NFGNB in these clinical 

isolates. 

 

Materials and Methods: 

The study was conducted for a period of one year between January and 

December 2020 in the Department of Microbiology, NRS Medical College, 
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Kolkata. The samples submitted to the Department from various wards, ICU and 

outdoor were collected and processed routinely. The samples were blood, body 

fluids, urine, sputum, endotracheal tube secretions, central and peripheral line 

tips were inoculated into Blood agar and MacConkey agar and incubated at 37oC 

overnight at ambient air. The growth of bacterial colonies was identified the 

following day in respect to colony morphology, Gram staining and motility 

(Hanging drop method). It was then subjected to Catalase test, Oxidase test, 

Citrate test, Urease test, pigment production, Indole production, Methyl Red 

test, Voges Proskauer test, Triple sugar Iron test, Oxidation/ Fermentation test 

for Glucose, Lactose, Xylose, Mannitol and Maltose (Hugh and Leifson’s media), 

Lysine and Ornithine decarboxylase and Arginine dihydrolase activity test etc. 

were done for isolation of the Non-fermentative Gram negative bacilli10. 

Antibiotic susceptibility was done by Kirby Bauer disc diffusion method following 

CLSI guidelines 202011. The results were analysed and interpretation 

represented graphically. Escherichia coli ATCC 25922 & Pseudomonas 

aeruginosa ATCC 27853 were used as control organisms during the study12. 

Results:  

Out of total 725 bacterial isolates, 157 NFGNB was isolated with an isolation rate 

of 21.51%. Of this 157, NFGNB, 84 isolates (53.84%) were Pseudomonas spp. and 

73 isolates were (46.16%) were Acinetobacter spp 

 

Figure 1: Distribution of NFGNB into type of isolated organism 

Acinetob
acter 

spp, (73)

Pseudom
onas spp, 

(84)
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Figure 2: Gender distribution of isolated GNB 

Males were more commonly affected with n=107 (68%) and females n=50(32%). 

Most of the NFGNB were isolated from pus (42%), followed by urine(21%), 

followed by body fluids(8%) and central & peripheral line tip(6%). 

Table-1-Sources of samples with respective Number and corresponding 

Percentage 

Sl no. Source of sample Number  Percentage (%) 

1 Body Fluid 12 7.64% 

2 Blood 7 4.45% 

3 Oral Swab 1 0.63% 

4 Urine 33 21.01% 

5 Pathological 2 1.27% 

6 Sputum 13 8.28% 

7 Pus 66 42.03% 

8 Et Tube Aspirate 8 5.09% 

9 CSF 4 2.54% 

10 Tip 11 7.00% 

MALE

68%

FEMALE

32%

MALE FEMALE
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Figure 3: Distribution of NFGNB on basis of source of samples 

 

 

 

Figure 4: Ward wise distribution of isolated NFGNB 

Most isolates of NFGNB were from the Department of Surgery (37%) followed 

by Paediatrics (20%) followed by Orthopaedics (12%). 
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Table 2: Sensitivity and resistance pattern of isolated NFGNB. 

 

 

Antibiotics Used Pseudomonas spp Acinetobacter spp Total (157 Samples) 

 

Sensi 

tive 

Percen 

tage 

Resis 

tant 

Percen 

tage 

Sensi 

tive 

Percen 

tage 

Resis 

tant 

Percen 

tage 

Sensi 

tive 

Percen 

tage 

Resis 

tant 

Percen 

tage 

Cefepime 33 39.28% 51 60.72% 25 34.24% 48 65.76% 58 36.76% 99 63.24% 

             

Imipenem 56 66.67% 28 33.33% 45 61.64% 28 38.36% 101 64.15% 56 35.85% 

             

Meropenem 70 83.33% 14 16.67% 59 80.82% 14 19.18% 129 82.07% 28 17.93% 

             

Amikacin 44 52.38% 40 47.62% 37 50.68% 36 49.32% 81 51.53% 76 48.47% 

             

Gentamicin 41 48.80% 43 51.20% 34 46.57% 39 53.43% 75 47.68% 82 52.32% 

             

Doripenem 68 80.95% 16 19.05% 61 83.56% 12 16.44% 129 82.25% 28 17.75% 

             

Levofloxacin 28 33.33% 56 66.67% 27 36.98% 46 63.02% 55 35.15% 102 64.85% 

             
Piperacillin 
Tazobactum 73 87.00% 11 13.00% 63 86.30% 10 13.70% 136 86.65% 21 13.35% 

             

Ceftazidime 47 55.95% 37 44.05% 45 61.64% 28 38.36% 92 58.79% 65 41.21% 

             
Ticarcillin+Clavul

inic acid 30 35.71% 54 64.29% 29 39.72% 44 60.28% 59 37.71% 98 62.29% 

             

Aztreonam 38 45.23% 46 54.77% 30 41.09% 43 58.91% 68 43.16% 89 56.84% 

             
Cefoperazone+ 

Sulbactum 54 64.38% 30 35.62% 49 67.12% 24 32.88% 103 65.75% 54 34.25% 
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Figure 5: Antibiogram of Pseudomonas spp. 
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      Figure 6: Antibiogram of Acinetobacter spp. 

 

  

61.64% 61.64%

80.82%

50.68%
46.57%

83.56%

36.98%

86.30%

34.24%
39.72% 41.09%

67.12%

38.36% 38.36%

19.18%

49.32%
53.43%

16.44%

63.02%

13.70%

65.76%
60.28% 58.91%

32.88%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Antibiogram  of  Acinetobacter spp 

Sensitive Resistant



13 

 

Discussion: 

In our study, of the total 725 bacterial isolates ,157 isolates were NFGNB with a 

prevalence of 21.65%. This is similar to study conducted by Vijaya et al. (21.8%) 

and higher than study conducted by Anshu Shastry et al. (18.1%) and Amandeep 

Kaur et al (16.5%). Non-fermenter Gram Negative Bacilli are universal in nature 

and they are non-pathogenic or pathogenic in nature. They are basically 

attacked on immunocompromised persons. In the present study, isolation rate 

of NFGNB out of total samples 68% males and 32% females which is similar to 

Jayapriya et al study who has reported NFGNB isolates from males 71% and 

females 29%13. Pseudomonas spp and Acinetobacter spp were the common 

isolates from pus, urine, body fluids in samples. In our study the isolation rate of 

NFGNB from Pus sample is 42.03% which is lower than Malini et al(62.17%) 

study14. Isolation of NFGNB from urine sample is 21.01% in our study which is 

higher than Benanchinmardi et al 11% and Malini et al [15,14]. In case of our study 

Piperacillin Tazobactum is the most sensitive drugs and whose sensitivity around 

86.30% for Acinetobacter spp and 87% for Pseudomonas spp but in study of 

Anshu et al its find 75% for Pseudomonas spp and 56.5% for Acinetobacter spp 

which is discordant of our study. In case of Acinetobacter spp sensitivity shows 

for Ceftazidime 61.64% and amikacin 50.68% which is similar to the Kaur et al 

study[16]and Gomathi et al study[17]. The antimicrobial sensitivity pattern of 

Pseudomonas spp showed 83.33% for Meropenem and 80.82% for 

Acinetobacter spp which is concordant with the Gomathi et al study showed 

79.6% for Pseudomonas spp and 75% for Acinetobacter spp. In our study 

amikacin sensitivity shows 52.38% for Pseudomonas spp which is similar with 

Gomathi et al but in case of Malini et al showed 69.2% sensitivity which is 

discordant with our study. Gentamicin sensitivity has founded in our study for 
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48.8% and 46.57% for Pseudomonas spp and Acinetobacter spp. These result 

correlates with the findings of Gomathi et al[17].Doripenem sensitive among 

Pseudomonas spp and Acinetobacter spp was 80.95% and 83.56%. 

 

Conclusion: 

Non fermenter Gram Negative Bacilli (NFGNB) are available in nature. These 

organism mainly attacking the immunocompromised patients. Antimicrobial 

resistance is very common and now a days this is increasing rapidly. To conclude, 

Pseudomonas aeruginosa and Acinetobacter baumannii are the foremost 

common NFGNB isolated in our study. these bacteria also have a great potential 

to survive in hospital environment therefore, improved antibiotic stewardship, 

good housekeeping, equipment decontamination, strict protocols for hand 

washing, isolation procedures need to be implemented to prevent emergence 

and spread of multidrug resistant NFGNB in health care settings. Our study 

highlights the actual fact that it's essential to ascertain the clinical relevance of 

the isolated NFGNB. Limitation Of our study is small samples size and durational 

study is very small. Hence the appropriate scenario cannot be determined. 

Similar studies with molecular characteristics should be conducted to know the 

complete antibiotic sensitivity and resistance of NFGNB. Further studies will 

definitely help in better understanding of changes in its antimicrobial resistance 

pattern. This study can be very helpful in initiating the treatment of such 

patients thereby reducing the illness. 
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ABSTRACT 

 

The following work aimed to isolate, study and identify protease producing bacteria in soil 

samples collected from slaughterhouses in South 24 Parganas, West Bengal. Four bacterial 

isolates with protease producing capability were selected from skimmed milk agar plates. 

Isolate 1 and 4 were identified as Gram positive, isolate 2 and 3 were Gram negative. Isolate 3 

showed highest protease enzyme activity, when cell lysate was incubated with 1% casein 

solution, whereas Isolate 4 showed lowest activity. Corresponding biochemical assays of the 

isolates were performed. Isolate 2 and 4 exhibited in-vitro resistance to high concentration of 

kanamycin, isolate 3 showed resistance against ampicillin. All these isolates were susceptible 

to tetracycline, polymyxin-B, streptomycin, neomycin and gentamycin. All these isolates 

displayed high tolerance to nickel and zinc, but all of them were highly sensitive to mercury. 

Isolate 2 and 4 exhibited tolerances to high concentrations of lead, as high as 500 and 1000 

ppm, respectively. Isolate 3 were moderately tolerant against cadmium. These protease 

producing isolates might be of great potential for application in food, pharmaceutical, 

agricultural and textile industries.     

 

 KEYWORDS: - Bacteria, Protease, Soil, Antibiotic, Enzyme, Metal 
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1. INTRODUCTION 

 

The cells of all living organisms contain a biochemical substance known as enzymes, which 
have the ability to catalyse or accelerate biochemical reactions. Enzymes exhibit superior 
catalytic efficiency and specificity compared to catalysts of chemical origin, making them 
highly valuable in a range of industries including food, agriculture, and pharmaceuticals (Pires-
Cabral et al. 2010). Researchers worldwide have been interested in isolating and purifying 
enzymes from various environmental sources. Among these enzymes, proteases hold a 
significant position as they were the first to be produced in large quantities and currently 
constitute approximately two-thirds of the total enzymes used today (Raval et al. 2014). 
Proteases, in particular, play a crucial role in the physiological function of nearly all life forms 
on Earth. While proteases can be produced by various organisms, those derived from microbial 
sources such as fungi and bacteria are preferred due to their genetic manipulability and 
adaptability (Masi et al. 2014; Tiwari et al. 2015). Proteases are hydrolytic enzymes that break 
down proteins into smaller polypeptides or amino acids (Gupta et al. 2002; Verma et al. 
2011). Depending upon optimum pH, proteases are of three types- acidic proteases, neutral 
proteases and alkaline proteases. Most prominent protease-producing bacteria are 
Pseudomonas sp., Bacillus sp., Aeromonas sp., Staphylococcus sp. (Saha et al. 2011; Masi et 
al. 2017b).  

 

Antibiotics and resistance 

Antibiotics are compounds that can inhibit bacterial growth by killing them or suppressing their 

growth. Different antibiotics have different target site in a cell such as cell wall, plasma 

membrane, Metabolism machinery, replication, transcription and translation. Cell wall 

targeting antibiotics such as penicillin, ampicillin kills mainly gram-positive bacteria, whereas 

cell membrane targeting antibiotics such as polymyxin-B is effective against gram- negative 

bacteria. Antibiotics that target cellular machinery such as streptomycin, rifampicin, 

tetracycline are effective against both gram-positive as well as gram-negative bacteria. But 

upon prolonged exposure bacteria can develop resistance against certain antibiotics. Antibiotic 

resistance genes do not exist in bacterial chromosome, they are always integrated by 

extrachromosal plasmid or by means of phage. Bacteria can develop different resistance 

mechanisms against antibiotics such as, chemical modification of antibiotics, energy driven 

efflux pumps, mutation in target proteins, modification in cellular machinery, etc (Darby et al, 

2022). 

 

Heavy metals and metal tolerance 

Heavy metals are metallic elements that occur naturally and have a high atomic weight 

(Tchounwou, 2012). These metals can interact with cellular components such as cell 
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membrane, DNA, cellular enzymes, etc (Wang S, 2001). Toxic heavy metals include mercury, 

arsenic, cadmium, lead, nickel, zinc, chromium, etc. These metals can be highly toxic even at 

trace amounts. Despite their high toxicity certain bacteria can adapt and thrive in their presence. 

Five different mechanisms have been identified and studied which imparts the resistance 

property to the organisms, viz., creation of an extracellular barrier, efflux pumps, extracellular 

sequestration, intracellular sequestration and reduction of metals from toxic into a non-toxic 

form. The genes responsible for these attributes can be found in both chromosomal as well as 

extrachromosomal genetic elements. The process of horizontal gene transfer has been linked 

with these resistance properties (Ianeva, 2009).    
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2. METHODOLOGY 
 

There were no ethics or permission requirements for this in-vitro study because it did not 

include any human subjects or animal data. Specific authorizations were not needed for this 

work because the little amount of soil sample did not harm the terrestrial environment, wildlife, 

anyone's personal property or include any endangered or protected species. 

 

2.1 Sample collection: 

Soil samples were collected from a slaughterhouse located in 

Pirnagar, Shyamnagar, South 24 Parganas, West Bengal, India in 20th 

March, 2023. The temperature was 35℃ and humidity was 32%. Soil 

sample were collected from 5 cm below the soil surface and kept in 

a sterile sample collection vial and taken to the laboratory as early as 

possible.  

  
 

2.2 Isolation of protease producing bacteria: 

5 gram of soil sample was dissolved in 45 ml of sterile 0.9% sodium chloride solution. Then 

serial dilution was made up to 10-4. 0.1 ml from all four dilutions were spread onto the surface 

of sterile skimmed milk agar plate (Appendix- A.5) containing casein as a protein source. The 

plates were then incubated for 24 hours at 37℃.  

Fig 1. Soil sample in sterile 

vial 

Fig 2. Soil sample isolation site Fig 3. Sample collection in sterile sample vial 
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2.3 Selection of test isolates and pure culture preparation: 

Four bacterial colonies with surrounding prominent hollow zones were selected for further 

experiments and they were sub cultured on four different sterile skimmed milk agar plates 

(Appendix- A.5). These plates were considered as pure master plates throughout the 

experiments and necessary subculture were done as per requirements. 

 

2.4   Morphological characteristics: 

The pure plates were thoroughly observed for colony characteristics viz. size, texture, shape, 

colour, elevation, etc. the morphological characteristics viz. shape, size, appearance, gram 

character of the isolates was studied using Gram’s staining (Appendix- B.5)  

 

2.5 Biochemical assays: 

2.5.1 Optimization of Carbon and Nitrogen source: 

Carbon source optimization assay were performed with a synthetic media (Appendix- A.2) 

contained all growth requirements where the carbon sources were varied accordingly. For 

carbon source optimization six different carbon sources were used- dextrose, lactose, maltose, 

sucrose, mannitol and starch.  

Nitrogen source optimization assay were performed with a synthetic media (Appendix- A.3) 

contained all growth ingredients where the different nitrogen sources were varied accordingly. 

For nitrogen source optimization five different nitrogen sources were used- ammonium 

sulphate, ammonium chloride, ammonium ferrous sulphate, ammonium di-hydrogen 

phosphate, sodium nitrate. 

              All four isolates were inoculated in these media and incubated at 37℃ for 24 hours. 

The optical density was measured at 600 nm using a spectrophotometer. 

 

2.5.2 pH optima for growth: 

The pH in which the growth of an organism is highest known as optimum pH. To optimize pH 

isolates were grown in synthetic liquid media (Appendix- A.4) having different pH. Nine pH 

levels were prepared (pH 3-11) with 1N NaOH and 1N HCl. Isolates were inoculated and 

incubated overnight at 37℃. Optical density was measured at 600 nm using a 

spectrophotometer.  

 

2.5.3 Growth curve: 

Generally, bacterial growth consists of four distinct phases, Lag phase, where bacteria 
acclimatize to a new environment. Log phase, where bacteria divides and cell number increases 
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exponentially. This phase is followed by a Stationary phase, where the ratio of mortality and 
natality is equal, due to the exhaustion of nutrients in the culture media. And finally, Death 
phase, where the rate of mortality becomes higher than natality. To observe the progression of 
growth, isolates were inoculated in nutrient broth media (Appendix-A.1) inside nephelometric 
flask. The growth was measured at every one-hour interval by measuring the optical density at 
600 nm. 

 

2.5.4 Enzyme assays: 

2.5.4.1 Amylase test: 

Amylase test or starch hydrolysis test is a biochemical test performed to detect the ability of 

microorganisms to produce the enzyme α-Amylase (EC 3.2.1.1). Starch is a very large 

molecule so to utilize it as a carbon source microorganism first need to break it down into small 

molecules. Organisms that produce α-Amylase are able to hydrolyse starch by breaking the 

glycosidic linkages between the sugar subunits into maltose and glucose. This test is performed 

by streaking the isolates onto the surface of starch agar medium (Appendix-A.4). Organisms 

that able to produce amylase, degrade starch present in the medium. Starch degradation was 

detected by flooding the plates with Iodine solution after 24 hours of incubation at 37℃. Iodine 

binds with starch forming a complex known as starch iodide, giving the media a brown to blue 

appearance depending upon the concentration of Iodine. The colonies with hollow zones 

surrounded by darkened media were considered as a positive result. 

 

2.5.4.2 Catalase test 

Catalase test is performed to detect the ability of an organism to produce the enzyme catalase 

(EC 1.11.1.6). Catalase is an enzyme produced by microorganisms to degrade hydrogen 

peroxide, a reactive oxygen species, produced by microorganisms as metabolic by-products 

(Alphonso et al, 2009). These products are toxic to microorganisms and might even cause cell 

lysis if not broken down to neutral products. Catalase contain haem and Mn2+ as cofactors. The 
reaction catalysed by catalase is, 2 H2O2 → O2 + 2 H2O. The production of catalase was 
detected by adding drops of hydrogen peroxide over bacterial cell smears. A rapid liberation 
of oxygen bubbles considered as a positive result, whereas no bubbles formation can be 
depicted as negative result.    

 

2.5.4.3 Lipase test: 

Lipase test is performed to detect the ability of a microorganism to produce the enzyme lipase 
(EC 3.1.1.3). Lipase breaks triglycerides into diglycerides then to monoglycerides and simple 
fatty acids (Chandra et al, 2020). Lipase production was detected by growing the isolates on 
tributyrin agar media (Appendix- A.11) containing glyceryl tributyrate. Microorganism’s 

ability to produce lipase can be detected by the presence of a clear zone around the colony after 
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overnight incubation at 37℃, regarded as positive result. Whereas the absence of such clear 
zone considered as negative result.   

 

2.5.4.4 Oxidase test: 

Oxidase test is performed to detect the ability of microorganisms to produce the enzyme 
cytochrome c oxidase (EC 1.9.3.1). Cytochrome c oxidase is the enzyme participate in electron 
transport chain, where it receives electron from cytochrome c and transfers them to oxygen, 
producing water (Michel et al, 1998). The presence of cytochrome c oxidase was detected by 
rubbing 24 hours fresh cultures onto the surface of oxidase disks (Appendix-B.1). These discs 
were soaked tetramethyl-p-phenylenediamine dihydrochloride, which acts as a substrate for the 
enzyme and become oxidized to a deep purple compound. The presence of deep purple colour 
regarded as positive result; no colour change is indication of negative result. 

 

2.5.4.5 Phosphate solubilization test: 

This test is performed to detect the production of organic acid by microorganisms to solubilize 
inorganic phosphate as well as organic phosphate. To detect phosphate solubilization ability 
bacterial isolates were inoculated over the surface of a sterile Pikovskaya’s agar media 
(Appendix- A.6) containing calcium phosphate, which gives a cloudy appearance to the media. 
Bacteria that able to produce organic acids can solubilize calcium phosphate and thus produce 
a clear zone around the colony. Bacterial colony without such clear zones around indicates 
negative result. 

 

2.5.4.6 Triple Sugar Iron test: 

In this test bacterial ability to ferment sugars and production of hydrogen sulphide is detected. 
The name triple sugar means that the medium contains three monosaccharide glucose, lactose 
and sucrose. Phenol red, sodium thiosulfate and present in the medium serves as indicators of 
acid production and H2S production, respectively. Glucose, as simple sugar utilized first by 
bacteria as a result the entire media become acidic, phenol red shows yellow appearance in 
acidic condition. In the case of oxidative decarboxylation of peptone, the pH level rises to 
alkaline condition and the media becomes yellow. If the organism able to ferment lactose and 
sucrose too, then production of excessive amounts of acid turns the media yellow in colour. 
The butt of the tube becomes black due to the reduction of sodium thiosulfate to H2S.    

 

2.5.4.7 Urease test: 

This test is performed to detect the production of enzyme urease (EC 3.5.1.5) by bacteria. In 
this test urea agar slants (Appendix-A.13) were used containing urea and phenol red as 
substrate and indicator, respectively. Bacteria that are able to produce urease, degrade urea to 
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produce ammonia and CO2. Ammonia presents in the medium react with CO2 and water to 
produce ammonium carbonate, which renders the medium alkaline. In alkaline pH phenol red 
turns deep red in colour, indicates a positive result. Whereas no change of colour indicates a 
negative result.    

 

2.5.5 IMViC tests: 

IMViC tests are an assay of four different tests to study bacterial ability to produce 
tryptophanase, acids, acetylmethylcarbinol and utilization of citrate by indole, methyl red, 
voges-proskauer and citrate test, respectively.   

 

2.5.5.1 Indole test: 

Indole test was performed to detect the ability of an organism to produce indole from 
tryptophan by the enzyme tryptophanase (EC 4.1.99.1). Reductive deamination of tryptophan 
produces indole, pyruvic acid and ammonium. For the test tryptone broth (Appendix- A.7) was 
used containing tryptophan as a substrate. Isolates were inoculated and incubated overnight at 
37℃. The presence of indole was detected by adding Kovac’s reagent (Appendix- B.2). Indole 
reacts with p-dimethylaminobenzaldehyde present in Kovac’s reagent to form a pink coloured 

quinoidal compound. The coloured compound forms an insoluble layer on the top of the media 
due to the presence of amyl alcohol. The presence of pink colour indicates positive result, 
whereas no colour change indicates negative result.  

 

2.5.5.2 Methyl red test: 

Methyl red test was performed to determine the ability of an organism to produce acid end 
products from the fermentation of glucose. Glucose peptone broth (Apendix-A.9) were used 
in this test. Microorganisms convert glucose to pyruvic acid by glycolysis pathway, but some 
organism can further metabolize pyruvate via mixed acid fermentation producing lactic acid, 
acetic acid, formic acid, etc. The production of acid was detected by adding drops of methyl 
red (Appendix- B.3) indicator on the surface of the media. Due to the presence of acids methyl 
red appears red and the test indicates a positive result, whereas a yellow colouration refers 
negative result as methyl red appears yellow near neutral pH.  

 

2.5.5.3 Voges-Proskauer test: 

Voges-Proskauer test or VP test was performed to detect the ability of the microorganisms to 
produce neutral end products due to the fermentation of glucose. Glucose peptone broth 
(Appendix-A.9) was used in this test. Organisms produce pyruvic acid from glucose via 
glycolysis, some organisms can metabolize pyruvic acid to different acidic products via mixed 
acid fermentation. But some can further metabolize these acidic end products to neutral end 
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product, acetyl methyl carbinol or acetoin by decarboxylation of acids, which results in rising 
the pH of the medium towards neutrality. The production of acetoin was detected by using 
Baritt’s reagent (Appendix- B.4) containing potassium hydroxide and α-naphthol. In the 
presence of KOH and α-naphthol, acetoin is converted to diacetyl, which reacts with guanidine 
groups associated with the amino acid arginine, that forms from the breakdown of peptone, to 
form a reddish-pink coloured product. The presence of reddish-pink colour indicates positive 
result, whereas its absence refers a negative result.  

 

2.5.5.4 Citrate utilization test: 

This test was performed to demonstrate the ability of an organism to utilize citrate as carbon 
source. Simmon’s citrate agar medium (Appendix-A.8) was used in this test which contained 
citrate as a sole carbon source, ammonium hydrogen phosphate as a nitrogen source and 
bromothymol blue as pH indicator. The enzyme citrase produced by organisms degrade citrate 
to produce oxaloacetate and acetate. Oxaloacetate further converted to pyruvate and CO2. CO2 

then reacts with ammonium salts to form ammonium carbonate, which increase the pH of the 
medium. As a result, the bromothymol blue present in the medium shifts from green to blue 
colour, indicates a positive result, where a green colouration of the media indicates negative 
result. 

 

2.5.6 Protease activity assay: 

To compare the activity of protease produced by the isolates, they were grown overnight in 
protease production media (Appendix-A.10). Being an extracellular enzyme, protease is 
released into the media. Enzyme’s activity was detected by mixing the cell lysate, containing 
enzyme with 1% casein solution and incubated for 15 minutes. Protease degrade casein to 
produce free amino acids, Tyrosine. The reaction was stopped by adding trichloroacetic acid. 
Then Folin-Ciocalteu’s reagent was added and incubated. Optical density was measured at 660 
nm using a spectrophotometer. The final concentration of tyrosine was determined from a 
previously prepared standard curve of tyrosine by same method. The activity of the enzyme 
was expressed as microgram per millilitre per minute (µg. ml -1. Min-1) 

 

 2.5.7 Antibiotic sensitivity assay: 

For this study eight different antibiotics were used, Gentamicin, Chloramphenicol, Kanamycin, 
Neomycin, Streptomycin, Ampicillin, Tetracycline and Polymyxin-B. Nutrient broth 
(Appendix- A.1) tubes were used for this assay. Stock solutions were prepared at 5 mg/ml for 
each antibiotic. Different dilutions were made from 2 µg/ml to 125 µg/ml. Isolates were 
inoculated from freshly cultured nutrient broth media to the antibiotic tubes and incubated 
overnight at 37℃. Optical density was measured at 600 nm using a spectrophotometer. The 
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effect of increasing concentration antibiotics on growth was determined by comparing the 

culture tubes with control tubes without any antibiotics. 

 

2.5.8 Heavy metal tolerance assay: 

For this assay five different heavy metals were used, Nickel chloride, Zinc chloride, Lead 
nitrate, Mercury chloride and Cadmium sulphate. Stock solutions were prepared at 50000 ppm 
for each metal. Nutrient broth was used for this assay. Different concentrations were made from 
25 ppm to 1000 ppm. Cells were inoculated from freshly cultured nutrient broth (Appendix-
A.1) medium and incubated overnight at 37℃. Optical density was measured at 600 nm using 

a spectrophotometer. The effect of metals on growth was compared with control tubes without 

any heavy metal.   
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3. OBSERVATION AND RESULTS 

3.1 Isolation of protease producing bacteria: 

 

 

 

 

 

 

 

 

3.2 Colony Characteristics: 

 

 

3.3 Morphological characteristics: 

Isolate Colony Characteristics 
1 White, creamy, undulate margin, slightly raised 
2 White, slimy, smooth margin, elevated 
3 White, shiny, slimy, lobate margin, convex 
4 Yellow “Poached egg” appearance, undulate, flat 

Isolate Morphology 
1 Gram positive, Rod shaped, Singlet appearance 
2 Gram negative, Rod shaped, In pair appearance 
3 Gram negative, Spherical shaped, Small, Singlet appearance 
4 Gram positive, Rod shaped, Small, Singlet appearance 

Fig 4. Protease producing 

bacteria with clear zones around 

the colonies. 

Fig 5. Prominent protease 

producers can be seen in this 

figure. 

Table-1. Colony characteristics of isolates 

Fig 6. Isolate 1 Fig 7. Isolate 2 Fig 8. Isolate 3 Fig 9. Isolate 4 

Table- 2. Morphological characteristics of isolates 
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3.4 Optimization of Carbon and Nitrogen source: 

         Isolate  Optimal Carbon source Optimal Nitrogen source 

1 Dextrose Ammonium Chloride 

2 Maltose Ammonium Sulphate 

3 Sucrose Ammonium Chloride 

4 Starch Ammonium Sulphate 

 

 

3.5 Optimization of pH for growth: 

Isolate  Optimum pH for growth 
1 7 
2 7 
3 7 
4 8 

 

 

3.6 Protease activity assay: 

Isolate Activity of protease (µg/ml/min) 
1 1.896 
2 3.273 
3 2.610 
4 1.687 

 

Table-3 Optimal Carbon and Nitrogen sources used by isolates for highest growth. 

Table-4 Optimum pH in which the growth was highest. 

Table-5 Activity of protease produced by isolates. Activity was determined by measuring free tyrosine 

concentration by Folin assay at 660 nm and using a tyrosine standard curve. 

Fig 10. Isolate 1 

Gram-Positive, Bacilli 

 

Fig 11. Isolate 2 

Gram-Negative, Bacilli 

Fig 12. Isolate 3 

Gram-Negative, Cocci 

Fig 13. Isolate 4 

Gram Negative, Bacilli 
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3.7 Biochemical Assays: 

Test Isolate 1 Isolate 2 Isolate 3 Isolate 4 

Amylase test - + - +++ 

Catalase test + - + + 

Lipase test - - - - 

Oxidase test - +++ - + 

Protease production test + + + + 

Phosphate solubilization test - - - - 

Triple Sugar Iron test + + + + 

Urease test - - - - 

Indole test - - - - 

Methyl red test - - ++ + 

Voges-Proskauer test - - - - 

Citrate utilization test - - + + 

 

 

 

3.8 Heavy metal tolerance assay: 

 

 

Isolate Nickel 
(ppm) 

Zinc 
(ppm) 

Lead 
(ppm) 

Mercury 
(ppm) 

Cadmium 
(ppm) 

1 200 200 50 - - 

2 200 200 500 - 25 

3 200 500 - - 100 

4 200 500 1000 - 50 

Table-6 Observations of Biochemical assays. (“+” indicates positive results, number of “+” indicates intensity 

of positive results and “-” indicates negative results.) 

Table-7 Heavy metal tolerance by isolates. All values were converted to parts per million unit, 

 (1ppm= 1mg/L). Optical density was measured at 600 nm. 
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3.9 Antibiotic sensitivity assay: 

 

Control for Isolate 1= 1.5                                      Control for isolate 2 =1.6 

Calculated IC50= 0.75                                            Calculated IC50= 0.8 

 

Control for Isolate 3 = 1.7                                       Control for Isolate 4 = 1.42 

Calculated IC50 = 0.85                                             Calculated IC50 = 0.71 

 

 

 

 

Antibiotics Concentration at 

which IC50 

obtained 
Gentamicin 1 µg/ml 

Chloramphenicol 5 µg/ml 
Kanamycin 1 µg/ml 
Neomycin 1 µg/ml 

Streptomycin 2 µg/ml 
Ampicillin 1 µg/ml 

Tetracycline 1 µg/ml 
Polymyxin-B 1 µg/ml 

Antibiotics Concentration 

at which IC50 

obtained 
Gentamicin 10 µg/ml 

Chloramphenicol 20 µg/ml 
Kanamycin 125 µg/ml 
Neomycin 20 µg/ml 

Streptomycin 10 µg/ml 
Ampicillin 15 µg/ml 

Tetracycline 2 µg/ml 
Polymyxin-B 20 µg/ml 

Antibiotics Concentration at 

which IC50 

obtained 
Gentamicin 2 µg/ml 

Chloramphenicol 25 µg/ml 
Kanamycin 15 µg/ml 
Neomycin 5 µg/ml 

Streptomycin 2 µg/ml 
Ampicillin 50 µg/ml 

Tetracycline 2 µg/ml 
Polymyxin-B 2 µg/ml 

Antibiotics Concentration 

at which IC50 

obtained 
Gentamicin 5 µg/ml 

Chloramphenicol 5 µg/ml 
Kanamycin 100 µg/ml 
Neomycin 5 µg/ml 

Streptomycin 10 µg/ml 
Ampicillin 5 µg/ml 

Tetracycline 2 µg/ml 
Polymyxin-B 5 µg/ml 

Table-8 Antibiotic sensitivity assay of isolate 1. 

Control tubes were made without antibiotics. IC50, is 

the concentration of antibiotic in which growth was 

reduced to 50% of control tubes. 

Table-9 Antibiotic sensitivity assay of Isolate 2. 

Control tubes were made without antibiotics. IC50, 

is the concentration of antibiotic in which the 

growth was reduced to 50% of control tubes.  

Table-10 Antibiotic sensitivity assay of Isolate 3. 

Control tubes were made without antibiotics. IC50, is 

the concentration of antibiotic in which the growth 

was reduced to 50% of control tubes.  

Table- 11 Antibiotic sensitivity assay of Isolate 4. 

Control tubes were made without antibiotics. IC50, 

is the concentration of antibiotic in which the 

growth was reduced to 50% of control tubes 
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4. EXPERIMENTAL DATA 

4.1 Optimization of Carbon and Nitrogen source: 

 

 

 

 

 

 

 

 

4.2 Protease activity assay: 

 

 

 

 

 

 

 

Graph 1A Graph 1B Graph 1C 

Graph 1D Graph 2A Graph 2B 

Graph 2C Graph 2D 

Graph 1(A-D) depicts the growth of 

isolate 1,2,3,4 in different carbon 

sources. Optimum carbon sources 

dextrose, dextrose, sucrose, starch, 

respectively. Graph 2(A-D) depicts 

the growth of isolate 1,2,3,4 in 

different nitrogen sources. Optimum 

nitrogen sources are NH4Cl, 

(NH4)2SO4, NH4Cl, (NH4)2SO4, 

respectively. 

Graph 3B 

Graph 3A depicts the standard 

curve of tyrosine.  

Graph 3B depicts the 

comparison of the activity of 

protease produced by isolates. 

Activity was expressed as 

microgram of tyrosine liberated 

per ml per minute. Isolate 2 

exhibited highest activity 

following isolate 3, 1 and 4.   

Graph 3A 
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4.3 Growth curve: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 Amylase test:                                          4.5 Oxidase test: 

 Fig 14. Amylase test. Isolate 2 and 4 are 

positive, isolate1 and 3 are negative. 
Fig 15. Oxidase test. Isolate 2 is strongly 

positive, 4 is weakly positive, isolate1 and 3are 

negative. 

Graph 4A Graph 4B 

Graph 4C Graph 4D 

Graph 4(A-D) depicts the growth curve of isolate 1-4, respectively. Optical density was measured at every one-

hour interval. 
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4.6 Lipase test: 

 

 

4.7 Phosphate Solubilization test: 

 

 

4.8 Triple Sugar Iron test:                                4.9 Urease test:  

 

Fig 16. lipase test of isolate 1 and 2, 

both are lipase negative. 
Fig 17. lipase test of isolate 3 and 4, 

both are lipase negative. 
Fig 18. Negative control plate for 

lipase test (without inoculation). 

Fig 19. Phosphate solubilization test 

of isolate 1 and 2. Both of them are 

negative. 

Fig 20. Phosphate solubilization test 

of isolate 3 and 4. Both of them are 

negative.  

Fig 21. Negative control plate for 

phosphate solubilization test (without 

inoculation).  

Fig 22. TSI test. Negative control tube is on far 

left. Isolate 1, 2, 3 are did not ferment glucose, 

isolate 4 was able to ferment glucose. Isolate 2 

produced Hydrogen sulfide. 

Fig 23. Urease test. Negative control tube is on far 

left side. All the isolates are urease negative.  
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4.10 IMViC tests:  

 

 

4.11 Protease production (Master plate):    4.12 pH optima for growth: 
  

Fig 24. Indole test. Negative control tube is on the 

far right. All four isolates are Indole negative.  
Fig 25. Methyl red test. Negative control tube is on 

the far left. Isolate 1 and 2 are MR negative. Isolate 

3 is strong positive and isolate 4 is weakly positive. 

Fig 26. Voges Proskauer test. Negative control tube 

is on the far right. All four isolates are VP negative. 
Fig 27. Citrate utilization test. Negative control 

tube is on the far left. Isolate 1 and are citrate 

negative. Isolate 2 and 4 are citrate positive.   

Fig 28. Protease production by isolates on 

skimmed milk agar plates. 
Graph 5. pH optima for growth. Isolate 1,2,3 

exhibited optimum pH of 7, while isolate4 showed 

8. 
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4.13 Antibiotic Sensitivity assay: 

 

 

  

 

 

 

 

 

 

Graph 6A 

Graph 7D Graph 7E Graph 7F 

Graph 6C Graph 6B 

Graph 7G Graph 7H 

Graph 7(A-H) depicts the growth 

of isolate 1 in the presence of 

antibiotics gentamicin, 

chloramphenicol, kanamycin, 

neomycin, streptomycin, ampicillin, 

tetracycline, polymyxin-b, 

respectively. Isolate 1 exhibited 

susceptibility towards all the 

antibiotics tested. In case of 

chloramphenicol IC50 lies between 

2-5 µg/ml. 

Graph 8A Graph 8B Graph 8C 
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Graph 8D Graph 8E Graph 8F 

Graph 8G Graph 8H 

Graph 8(A-F) depicts the growth of 

isolate 2 in the presence of 

antibiotics. Isolate 2 exhibited strong 

resistance against kanamycin and 

moderate resistance against 

gentamicin, chloramphenicol, 

neomycin, polymyxin-b. Isolate 2 is 

highly susceptible to tetracycline.  

Graph 9A Graph 9B Graph 9C 

Graph 9D Graph 9E Graph 9F 
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Graph 9G Graph 9H 

Graph 9(A-H) depicts the growth of 

isolate 3 in the presence of 

antibiotics. Isolate 3 is highly 

susceptible to gentamicin, 

streptomycin, tetracycline and 

polymyxin-b, whereas moderately 

resistant to chloramphenicol, 

kanamycin and ampicillin.  

Graph 10C Graph 10B Graph 10A 

Graph 10D Graph 10E Graph 10F 

Graph 10H Graph 10G 

graph 10(A-H) depicts the growth 

of isolate 4 in presence of antibiotics. 

isolate 4 exhibited strong resistance 

against kanamycin, moderately 

resistant against ampicillin, whereas 

susceptible to gentamicin, 

neomycin, tetracycline and 

polymyxin-b. 
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4.14 Heavy metal tolerance assay: 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

Graph 11A Graph 11B Graph 11C 

Graph 11D Graph 11E 

Graph 11(A-E) depicts the growth 

of isolate 1 in presence of heavy 

metals. Isolate 1 exhibited high 

tolerance to Nickel and Zinc, where 

susceptible to Lead, Mercury and 

Cadmium.   

Graph 12A Graph 12B Graph 12C 

Graph 12E Graph 12D 

Graph 12(A-E) depicts the growth 

of isolate 2 in the presence of heavy 

metals. Isolate 2 exhibited high 

tolerance to nickel, zinc and lead, 

whereas very susceptible to mercury 

and cadmium. 
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Graph 13A Graph 13B Graph 13C 

Graph 13(A-E) depicts the growth 

of isolate 3 in the presence of heavy 

metals. Isolate 3 exhibited high 

tolerance against nickel and zinc, 

moderately tolerant against 

cadmium, whereas susceptible to 

lead and mercury. 

Graph 13D Graph 13E 

Graph 14A Graph 14B Graph 14C 

Graph 14(A-E) depicts the growth 

of isolate 4 in presence of heavy 

metals. Isolate 4 exhibited high 

tolerance against nickel, zinc, lead 

and moderately tolerant against 

cadmium, whereas highly 

susceptible to mercury. 

Graph 14D Graph 14E 
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DISCUSSION 

 

The study was conducted to isolate, study and characterize protease producing bacteria form 

soil sample. For this particular study soil sample from a slaughterhouse were collected. 

Screening of protease producing isolates were done by enrichment culture technique. Primary 

identification of isolates was done using gram staining. Isolate 1 and 4 were gram positive and 

isolate 2 and 3 were gram negative in nature. The optimum pH for growth were 7 for isolate 

1,2 and 3, whereas optimum pH for isolate 4 was found to be pH 8. The protease produced by 

isolate 2 exhibited highest activity and isolate 4 being lowest, when incubated with 1% casein 

solution.  

Isolate 1 was found to be sensitive to common antibiotics. Isolate 2 showed susceptibility to 

tetracycline, neomycin, gentamicin, ampicillin but was resistant to high concentration of 

kanamycin. Isolate 3 exhibited resistance to ampicillin and chloramphenicol, whereas very 

sensitive to polymyxin, tetracycline, streptomycin and gentamycin. Isolate 4 was found to be 

resistant to kanamycin, while being highly sensitive to tetracycline, neomycin, gentamicin, 

polymyxin. Antibiotic resistance genes are generally not present in bacterial chromosomes and 

always confers through plasmid by means of horizontal gene transfer. High resistance levels 

against antibiotics may be established by certain mechanisms such as energy mediated efflux 

pumps, ability to chemically modify antibiotics or mutation at the target site of antibiotics.  

Heavy metals, which can be lethal to organisms even at trace amounts. But some 

microorganisms such as the isolates used in this study have been reported to tolerate these toxic 

heavy metals at very high concentrations. All the isolates were found to be tolerant against high 

concentration of nickel and zinc as high as 200-500 ppm. Isolate 2 and 4 can tolerate lead at 

500 and 1000 ppm respectively. Isolate 3 and 4 showed moderate tolerances against cadmium. 

All four isolates were found to be highly sensitive to mercury. Tolerance to heavy metals can 

be demonstrated by the ability of bacteria to chemically change or modify these toxic metals 

into a non-toxic state.  
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CONCLUSIONS 

 

Slaughterhouse effluents contain high amount of protein and can be used as efficient protein 

source by microorganisms. Bacteria need to break down these complex and large molecules in 

order to uptake and use these as nutrients. For this purpose, they produce and secrete the 

enzyme, protease, that break down peptide bonds and convert these complex large proteins into 

simple polypeptide or amino acids. All four isolates used for this study were able to produce 

protease. Both isolate 2 and 4 were found to produce amylase and oxidase. Isolate 1,3 and 4 

were able to produce catalase. Isolate 3 and 4 were able to use citrate as energy source. 

Isolate 2 and 4 exhibited high resistance against kanamycin. Isolate 3 showed resistance against 

ampicillin and chloramphenicol. All isolates were susceptible to tetracycline, streptomycin, 

gentamicin, polymyxin-B.  

All four isolates were able to tolerate high concentration of nickel and zinc (200-500 ppm). 

Isolate 2 and 4 showed tolerances against high concentration of lead, 500 and 1000 ppm 

respectively. Isolate 3 and 4 were moderately tolerant against cadmium.   
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FUTURE PROSPECTS 

 

Optimization of temperature- In general, the temperature of the incubator was 37˚ C. 

So, the effect of different temperature on growth as well as on protease production may be 

studied. 

Other biochemical assays- other biochemical tests like motility test, coagulase test, 

carbohydrate fermentation test, ONPG test, nitrate reduction test, etc. may be performed in 

future. 

Staining- For morphological identification only gram staining was performed. Other staining 

such as negative, endospore, capsule, flagella staining can be performed for more proper 

morphological characterization. 

Antibiotic resistance- The sensitivity to antibiotics like nalidixic acid, rifampicin may be 

studied. 

Assay of protease enzyme- In this study we just detected the activity of the proteases. In 

future, proper enzyme kinetics, effect of activators, inhibitors can be a topic for study. 

Purification of protease- purification of the protease may be performed and the purified 

enzyme can be subjected to study.  

Plasmid isolation- As the attributes of antibiotic resistance and metal tolerance confers with 

plasmid, so isolation and a proper study on the plasmids can be an area of future aspects.   

DNA sequencing and phylogenetic analysis- The isolates selected and used for this 

study were sent to CSIR-Institute of Genomics and Integrative Biology, Delhi for 16S rDNA 

sequencing. As soon as the we get the sequencing report, a proper phylogenetic analysis will 

be performed.  

Cloning and Recombinant DNA Technology- The isolates can be subjected to 

recombinant DNA technology, to increase efficiency and to amplify the production of protease.  
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APPENDIX - A 

                                                (MEDIA USED) 
1. Composition of nutrient broth 

Ingredients Grams/litre 
Peptone 5.0 

Sodium chloride 5.0 
Beef extract 1.5 
Yeast extract 1.5 

 

2. Composition of carbon optimization media 
Ingredients Grams/Litre 

Carbon source (variable) 10.0 
NH4H2PO4 1.0 

K2HPO4 2.5 
KH2PO4 2.5 

MgSO4 .7H2O 0.2 
FeSO4 .7H2O 0.01 

MnSO4 0.007 
  

3. Composition of Nitrogen optimization media 
Ingredients Grams/Litre 

Nitrogen source (variable) 1.0 
Dextrose 10.0 
K2HPO4 2.5 
KH2PO4 2.5 

MgSO4 .7H2O 0.2 
FeSO4 .7H2O 0.01 

MnSO4 0.007 
 

4. Composition of Starch agar media (Amylase test) 
Ingredients Grams/Litre 

Starch 20.0 
Peptone 5.0 

Beef extract 3.0 
Agar 20.0 

 
5. Composition of Skimmed milk agar media (Enrichment selection media) 

Ingredients                  Grams/Litre 
Tryptone 5.0 

Yeast extract 2.5 
Dextrose 1.0 

SM powder 28.0 
Agar 15.0 

 
6. Composition of Pikovskaya’s agar media (Phosphate solubilization test) 

Ingredients Grams/Litre 
Yeast extract 0.5 

Dextrose 10.0 
Ca3(PO4)2 5.0 
(NH4)2SO4 0.5 

KCl 0.2 
MgSO4 0.1 
MnSO4 0.0001 
FeSO4 0.0001 
Agar 12.0 
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7. Composition of Tryptone broth (Indole test) 
Ingredients Grams/Litre 

Casein enzyme hydrolysate 10.0 
NaCl 5.0 

 

8. Composition of Simmons citrate agar media (Citrate test) 
Ingredients Grams/Litre 

MgSO4 0.2 
NH4H2PO4 1.0 

K2HPO4 1.0 
Na3C6H5O7 2.0 

NaCl 5.0 
Bromothymol blue 0.08 

Agar 15 
 

9. Composition of MR-VP media (MR and VP test) 
Ingredients Grams/litre 

Peptone 7.0 
Dextrose 5.0 
K2HPO4 5.0 

  
10. Composition of Protease production media (Protease activity assay) 

Ingredients Grams/Litre 
Dextrose 1.0 
Peptone 10.0 

Yeast extract 0.2 
CaCl2 0.1 

MgSO4 . 7H2O 0.1 
K2HPO4 0.5 

 

11. Composition for Tributyrin agar media (Lipase test) 
Ingredients Grams/Litre 

Peptone 5.0 
Yeast extract 3.0 

Tributyrin (Glyceryl tributyrate) 10.0 
Agar 20 

 

12. Composition of Urea agar base (Christensen) media (Urease test) 
Ingredients Grams/Litre 

Peptone 1.0 
Dextrose 1.0 

NaCl 5.0 
Na2HPO4 1.2 
KH2PO4 0.8 

Phenol red 0.012 
Agar 15 
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APPENDIX- B 

 (REAGENTS USED) 

1.  Kovac’s Oxidase Reagent - 1% tetra-methyl-p-phenylenediamine di-hydrochloride, in water.  

2. Kovac’s Reagent (Indole Test) - p-Dimethyl-aminobenzaldehyde (50g), Hydrochloric Acid, 37% 

(250mL), Amyl Alcohol (750mL).  

3. Methyl Red Indicator - 0.1g methyl red dissolved in 95% ethyl alcohol; volume adjusted up to 

500mL using distilled water. 

4. Baritt’s Reagent (VP test) - Reagent A - ⍺-Naphthol, Reagent B - 40% Potassium Hydroxide.  

5. Gram Staining - Primary stain – Crystal violet; Mordant - Gram’s Iodine; Decolouriser - 95%       

Ethanol; Counterstain - Safranin. 

6. Hydrogen Peroxide for Catalase test. 

APPENDIX- C 

(METALS USED) 

1. Mercuric Chloride:                                                       2. Nickel Chloride: 

- Molecular Formulae: HgCl2                                                 - Molecular Formulae: NiCl2 .6H2O 

- Molar Mass: 271.52 g/mol                                                -Molar Mass: 237.69 g/mol 

- Melting Point: 549 K                                                        -Melting Point: 413.15 K 

- Appearance: White, anhydrous                                         -Appearance: Green, Crystalline 

 

3. Cadmium Sulphate:                                                     4. Zinc Chloride: 

- Molecular Formulae: CdSO4                                          -Molecular Formulae: ZnCl2 

- Molar Mass: 208.47 g/mol                                              -Molar Mass: 136.286 g/mol 

- Melting Point: 1273.15 K                                                -Melting Point: 563 K 

- Appearance: White, anhydrous                                       -Appearance: White, Crystalline 

 

5. Lead Acetate 

-Molecular Formulae: Pb(C2H3O2)2 

-Molar Mass: 325.29 g/mol 

-Melting Point: 553 K 

-Appearance: White, Crystalline 


