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CHAPTER 3: MATERIALS AND METHODS 

 

3.1. Study area 

 The study was carried out in three lakes of Mirik and Sukhia blocks of Darjeeling 

district which lies in 27
º
13′ and 26

 º
 27′ N and between 88

 º
 53′ and 87

 
°59′ E in the high 

mountain ranges of Eastern Himalayas and composed of plateaus, valleys, ridges and hills. 

Mirik is a small town in the Darjeeling Hills, located at 26°54’N, 88°10’E/26.9°N,88.17°E. It 

has a pleasant climate all the year round with temperatures of maximum 30°C in summer and 

a minimum of 2°C in winter. It is a popular tourist destination because of Mirik Lake which 

is a manmade lake and also called “Sumedu Lake”.  

 

Table 3.1.1. Climatic conditions of Darjeeling District- Average 

monthly rainfall for last five years 

Rainfall (mm) 

Month 2011 2012 2013 2014 2015 

January 0 0 0 0 0 

February 39 0 28.2 3.4 0 

March 14 0 19.2 33.6 0 

April 48 204 54 47 98.7 

May 123 81 294.9 159 87 

June 629 339 261.6 331.8 244 

July 961 529 310.5 452.6 356.6 

August 667 284 319.2 543.5 278.1 

September 438 505 199.7 305.8 326.6 

October 14 18 159.7 4.8 0 

November 8 0 0 0 0 

December 0 0 0 0 0 

Total 2941 1960 1647 1881.5 1391 

       Source: Deputy Director of Agriculture (Administrative), Darjeeling 
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Table 3.1.2. Climatic conditions of Darjeeling District- Average monthly temperature for 

last five years 

Temperature (ºC) 

2011 2012 2013 2014 2015 
Month 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

Mean 

Max
m

 

Mean 

Mini
m

 

January 9.8 1.3 9.5 2.0 8.1 1.5 9.5 1.7 10.2 1.7 

February 15.1 4.3 10.5 4.0 9.1 1.9 12.2 3.3 12.6 3.8 

March 19.1 7.6 10.5 6.0 13.5 5.6 20.2 8.1 18.4 5.7 

April 19.7 8.0 22.3 9.0 16.9 9.2 19.5 9.1 20.5 8.3 

May 20.0 12.3 21.5 8.8 17.8 11.2 19.8 11.3 22.2 9.8 

June 19.4 14.5 20.0 16.0 18.6 13.4 20.3 13.5 24.1 15.1 

July 18.5 15.0 20.0 15.5 19.1 14.3 20.8 14.0 21.5 15.0 

August 19.9 14.8 22.0 15.6 18.8 14.1 21.5 15.8 22.7 16.0 

September 20.2 14.2 21.5 15.0 18.3 13.2 24.2 13.5 23.4 15.2 

October 18.8 12.7 20.1 12.0 16.3 9.9 19.5 11.1 18.6 13.0 

November 12.0 6.8 17.0 6.5 12.8 5.9 15.8 6.2 14.8 6.5 

December 12.5 4.5 14.0 5.5 9.6 2.4 19.8 4.4 12.9 6.2 

Source: Deputy Director of Agriculture (Administrative), Darjeeling 
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Table 3.2. Description of the lakes under study 

L
a
k

e  

Sampling Site Code 

Altitude 

(msl)  

 

Use 

 

Catchment area 

M
ir

ik
 L

a
k

e 

M1: This site is located at the point where wastes from hotels and residential area join into the 

lake. Car washing also takes place at this site (Plate 3.1a). 

M2: Human activity is comparatively lesser at this site, dense forest and some feeding streams 

also join the lake at this site (Plate 3.1b). 

M3: Western side of the lake which is situated near the outlet of Mirik Lake joining to the 

Mechi River. Washing of clothes and bathing take place near this site (Plate 3.1c) 

M4: This site is located at the point where human activities are more. Wastes from hotels and 

residential area join the lake. Few lake side refreshment spots are found at this site (Plate 3.1d). 

M5: This is located at the centre of the lake (Plate 3.1e). 

 

 

1767 

 

Recreation, 

Drinking, 

Washing, 

Bathing etc. 

Eastern side is covered by 

coniferous mixed Alnus-

Cryptomeria-Bucklandia 

forest. North and West sides 

are residential area. South is 

the outlet of the lake and is 

also scarcely covered by 

habitation. 

N
a
k

h
a
p

a
n

i 

NP1: North site of the lake which  is  open to the main road (Plate 3.2a) 

NP2: East side of the lake which receives runoff from the tea garden and few houses above the 

lake (Plate 3.2b). 

 

1750 

Drinking 

and 

Religious 

purposes 

The lake is surrounded by 

Tea garden on the three 

sides; one side is exposed to 

the main road. 

J
o

re
p

o
k

h
a
ri

 L
a
k

e 

JP1: North side of the recreational lake which is in direct contact with people, birds 

and animals (Plate 3.3a) 

JP2: West side of the recreational lake where fowls are frequently seen (Plate 3.3a)  

JP3: South side of the recreational lake; fishes, birds and fowls are seen at this site 

(Plate 3.3a). 

JP4: North side of the reservoir (Plate 3.3b). 

 

2000 

Recreation, 

Drinking 

and 

Religious 

purposes 

Situated on the hill top 

with the tourist lodges, 

religious places and 

scarce habitation around 

the lake. 
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Fig. 3.1. Map of location showing study area 

 

*ML = Mirik Lake, NPL = Nakhapani Lake, JPL = Jorepokhari Lake 
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Fig. 3.2. Google image of Mirik Lake 

 

 

Fig. 3.3. Google image of Jorepokhari Lake 
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 Mirik Lake was constructed in 1979 under “Mirik Tourist Project” for the 

facilitation of commercial tourism. This lake has been included under National Lake 

Conservation Programme formulated by the Ministry of Environment and Forests, 

Government of India. The total lake area is about 16.19 ha with approximate length of 

1.25 km and the peripheral road is about 3.5 km. Initially maximum depth of the lake 

was 7.92 m while minimum was 1.83 m. While eastern bank of the lake is flat at 

ground level, the western bank, having hill slopes, is covered by a rich forest of 

Cryptomaria japonica trees (Mondal et. al., 2012). The lake is fed by both perennial 

streams and rainwater. Since the lake is situated in a valley encircled by hill ridges 

with extensive natural drainage network, it receives wastewater from human 

settlements through numerous inlets. There is one out-fall point through which the 

spillover water of the lake is discharged into the river Mechi, situated to the Western 

side of the lake. The catchment area consists of residential areas, vacant lands and 

commercial centers comprising of hotels, restaurants and other business 

establishments. Mirik Lake attracts tourists from different parts of the world due to its 

picturesque beauty. It harbors multifarious recreational activities like boating, 

jogging, organizing fair, picnic, religious offerings and many others. Besides 

attracting tourists, the lake also serves as a major source of drinking water to the local 

people. Five sites M1, M2, M3, M4 and M5 (Plate 3.1) were selected as sampling 

sites in this lake (Table 3.2). 

 Nakhapani Lake is a natural lake surrounded by lustrous tea gardens on the 

three sides and generally semi-rainfed (Plate 3.2). Two sampling sites, NP1 and NP2 

were selected from this lake (Table 3.2). 

 Jorepokhari Lake  is another manmade lake of tourist attraction located on the 

hilltop of Sukhipokhari town in Darjeeling District located at 26° 59′ 55″ N, 

88° 10′ 2″ E. It is 22 km from Darjeeling town at an elevation of 2,194 msl. 

Jorepokhari stands for ‘twin lakes’ (Plate 3.3) which is fed by untreated waters 

pumped up from nearby hill stream. Water from one of the twin lakes is distributed to 

the population of the town. Four sampling sites JP1, JP2, JP3 and JP4 (Table 3.2) 

were selected from this lake for the study. 
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3.2. Data collection 

 Both field and laboratory methods were carried out. Sampling was carried out 

from March 2011 to January 2013 at an interval of two months. Therefore a total of 

12 sampling trips were made.  

 

3.2.1. Field methods 

3.2.1.1. Physico-chemical parameters  

 Physico-chemical parameters like temperature (water and air) and pH were 

measured on the site using portable kit (Elico-India). For dissolved oxygen (DO), 300 

mL of water samples were collected in BOD bottles. Water samples were fixed 

following Standard procedures (APHA, 1998). The samples were kept in ice box and 

transported to the laboratory for further analysis. A total of 396 water samples were 

collected from the three lakes for studying DO during the study period. 

 

3.2.1.2. Microbiological parameters  

 For microbiological analysis water samples were collected in 50 mL sterilized 

water bottles and immediately preserved in ice box and brought to the laboratory for 

further analysis. The samples were analyzed within six hours of collection. A total of 

132 water samples were collected during the study period. 

 

3.2.1.3. Collection of medicinal plants 

 Six traditionally used local plants viz., Astilbe rivularis (rhizomatous stem, 

Plate 3.4a and 3.4a′), Costus speciosus (rhizome, Plate 3.4b and 3.4b′), Heracleum 

wallichii (seeds, Plate 3.4c), Hydrocotyl javanica (leaves, Plate 3.4d), Psidium 

guajava (bark, Plate 3.4e and 3.4e′) and Rhododendron arboreum (flowers, Plate 3.4f 

and 3.4f′) were collected from the Darjeeling Hills to determine their antimicrobial 

property (Table 3.3). The plants were identified with the help of available literatures 

and deposited herbarium in the Post Graduate Department of Botany, Darjeeling 

Government College, Darjeeling.  
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Table 3.3. Few medicinal plants used against diarrhoea and dysentery by local people 

Sl. 

No

. 

Local  

name 
Scientific Name Family Locality Parts Used Used against 

1. Ban supari Astilbe rivularis Saxifragaceae Darjeeling  
Rhizomatous 

stem 

Diarrhoea and dysentery (Rai and Sharma, 1994; 

Adhikary et. al., 2011). 

2. Betlauri Costus speciosus Zingiberaceae Mirik Rhizome 

Diarrhoea and dysentery (Yeung, 1985; 

Anonymous, 2006). 

3. Chimphing Heracleum wallichii Apiaceae  Darjeeling Inflorescence  Diarrhoea (Gurung, 2002). 

4. Golpatta Hydrocotyl javanica Apiaceae  Darjeeling Leaf  

Diarrhoea and blood dysentery (Kumarappan et. 

al., 2005) 

5. Ambak Psidium guajava  Myrtaceae Mirik Bark 

Diarrhoea and dysentery (Abdelrahim et. al., 

2002; Ezekwesili, 2010), antimicrobial (Chah et. 

al., 2006; Prabu et. al., 2006) 

6. Gurans 

Rhododendron 

arboreum 
Ericaceae  Darjeeling Flower  

Blood dysentery and diarrhoea (Chauhan, 2001; 

Laloo et. al., 2006; Ripu et. al., 2009; Verma et. 

al., 2011). 
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Plate 3.1a. Sampling site M1 

Plate 3.1b. Sampling site M2 

 

 

          Contd…. 

Contd….. 
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Plate 3.1c. Sampling site M3 

 

 
Plate 3.1d. Sampling site M4 

 

 
Plate 3.1e. Sampling site M5 

Plate 3.1. Sampling sites of Mirik Lake 
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Plate 3.2a. Sampling site NP1 

 
Plate 3.2b. Sampling site NP2 

 
Plate 3.2c.  Nakhapani Lake during dry period of the year 

 

Plate 3.2. Sampling sites of Nakhapani Lake 
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Plate 3.3a. Jorepokhari Lake 1 

 

 
Plate 3.3b. Jorepokhari Lake 2 

 

Plate 3.3. Sampling sites of Jorepokhari Lake (Caption in inset) 

 

 

 

3.2.2. Laboratory methods 

JP1 

JP2 

JP3 

JP4 
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3.2.2.1. Physico-chemical analysis 

 Dissolved Oxygen was estimated following Winkler’s method (APHA, 1998). 

 

3.2.2.2. Microbiological analysis  

Enumeration of Total bacterial count (TBC), total coliform (TC), faecal 

colifom (FC) and faecal streptococci (FS) of the water samples were determined 

following standard procedures (APHA, 1998). 

 

3.2.2.2.1. Enumeration of total bacterial population 

 Each sample was serially diluted up to 10
-5

 with sterile distilled water and 0.1 

mL each from each dilution was inoculated on the nutrient agar plates in triplicates 

and uniformly spread. The plates were incubated at 37
°
C for 24 to 48 hrs and colonies 

were counted on each plate then computed for standard bacterial count. Colony counts 

were expressed as colony forming units (CFU mL
-1

) of the sample using the following 

formula. 

                                   Number of colonies counted X Dilution factor  

No. of CFU mL
-1 

= 

 

3.2.2.2.2. Enumeration and detection of total coliforms 

• Presumptive coliform test 

 Three culture tubes, each containing 10 mL Lauryl Tryptose Broth (LTB) with 

inverted Durham’s tube were inoculated with each of 10 mL, 1 mL and 0.1 mL 

samples of water. Double strength culture broth was used for 10 mL water samples 

and single strength broth was used for 1 mL and 0.1 mL water samples. These tubes 

were incubated at 37 ± 1
º
C for 24 hrs and observed for the formation of acid in the 

media (colour change to yellow) and collection of gas in the Durham’s tubes (Plate 

4.1). The results of this test, i.e., the number of positive tubes in each set with 

different quantities of water, were entered in the standard Most Probable Number 

(MPN) table to get the value of MPN of coliforms in the water sample. Those 

samples, which failed to produce gas in the Durham’s tubes, were further incubated 

and reexamined after 48 hrs of incubation. Those which gave the similar results after 

48 hrs of incubation were considered to be doubtful positive. However, those samples 

that did not produce any gas within 48 hrs were considered to be free from coliforms. 

• Confirmation of coliforms 

  Volume of sample taken 



45 

 

 Plates of Eosine- Methylene Blue (EMB) Agar were streaked from positive 

and doubtful positives of LTB and incubated at 37 ± 1
o
C for 24 hrs and observed for 

the appearance of typical colonies with dark centered greenish metallic sheen (faecal 

coliform) (Plate 4.1a and 4.1b), or pale pink mucoid colonies (non faecal coliform). 

• Completed coliform test 

 The confirmed coliforms (black colonies with green metallic sheen) were 

inoculated again in LTB and observed for the appearance of gas within 24 hrs of 

incubation, such colonies were further streaked to Nutrient Agar (NA) slants and 

maintained at 5ºC as pure cultures for microscopic and other observations. 

 

3.2.2.2.3. Enumeration of faecal coliforms 

 FC was determined using MPN method in LTB at 44.5 ±1°C for 24 hrs, 

(APHA 1998) as described in 3.2.2.2.2. Gas production at this temperature was used 

for the detection of faecal coliform after 24-48 hrs incubation. 

 

3.2.2.2.4. Enumeration of faecal streptococci 

 FS were detected by inoculating water samples into Glucose Azide Broth 

(GAB) and incubation at 37.5 ± 1°C for 24-48 hrs using MPN method as described in 

3.2.2.2.2 (APHA, 1998).  

 All the culture media used for microbiological analysis of the lake water 

samples were obtained from Hi-Media Pvt. Ltd., Mumbai, India (Appendix A). 

 

3.2.2.2.5. Isolation and identification of coliforms 

 Isolated representative coliform colony from each sample was then cross 

streaked on nutrient agar plates and single cell colonies appearing on the basis of 

cross streaking were then transferred to nutrient agar broth. Gram nature, property and 

shape of each isolate were studied following Gram staining procedure (Plate 4.1c). 

The cultures were identified according to Bergey’s Manual of Determinative 

Bacteriology (1994a).  

 

3.2.2.2.5.1. Biochemical and carbohydrate fermentation test of the isolated 

coliforms 
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 Enterobacteriaceae Identification Kit, KB003 Hi25
TM

 obtained from Hi-

Media Laboratories, India was used for biochemical and carbohydrate tests. The tests 

were based on the principle of pH change and substrate utilization. The selected 

coliform isolates were cultured in NB medium for 35 ±1
º
C. The tests were carried out 

according to the manufacturer’s guidelines which included thirteen (13) biochemical 

tests i.e., Citrate utilization, H2S production, Indole, Lysine utilization, Malonate 

utilization, Methyl red, Nitrate reduction, ONPG, Ornithine utilization, Oxidase, 

Phenylalanine deamination, Urease and Voges Proskauer’s tests. The eleven (11) 

carbohydrates tested were D-Adonitol, L-Arabinose, Cellobiose, D-Glucose, Lactose, 

Melibiose, Raffinose, Rhamnose, Saccharose, Trehalose and D-Xylose.  

 

3.2.2.3. Antibiotic sensitivity test of the selected coliform isolates 

 Antibiotic sensitivity tests were performed taking 15 representative isolates 

which showed typical E. coli characteristics defined in Bergey’s Manual of 

Determinative Bacteriology (1994b). The tests were performed using Dodecadiscs 

Icosa Universal-2 (Hi-Media Laboratories Pvt. Ltd.) impregnated with 20 different 

antibiotics : Amikacin (AK 30µg), Ampicillin (AMP 10µg), Amoxycillin (AMX 

10µg), Cefadroxil (CFR 30µg), Cefoperazone (CPZ 75µg), Ceftazidime (CAZ 30µg), 

Ceftriaxone (CTR 30µg), Chloramphenicol (C 30µg), Ciprofloxacin (CIP  5µg), 

Cloxacillin (COX 1µg), Co- Trimoxazole (COT 25µg), Erythromycin (E 15µg), 

Gentamicin (GEN 10µg), Nalidixic acid (NA 10µg), Netillin (NET 10µg), 

Nitrofurantoin (NIT 300µg), Norfloxacin (NX 10µg), Penicillin (P 10 units), 

Tobramycin (TOB 10µg) and Vancomycin (VA 30µg). Overnight grown nutrient 

broth cultures of selected coliform isolates were spread on nutrient agar plates and a 

ring of antibiotics from Icosa Universal-2 was individually placed over the spread-

plates and incubated at 37°C for 24 hrs and zone of inhibition were observed and 

diameter of the zones expressed in mm.  The test was done following the standard 

procedure, Disc Diffusion Method of Bauer et. al., (1966). Each test was repeated for 

three times. MAR index was calculated using the formula;  

               Number of antibiotics to which isolate is resistant 

MAR index    =         

3.2.2.4. 

Total number of antibiotics to which isolate was exposed. 
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Sensitivity test of coliform isolates to extracts of medicinal plants traditionally 

used against diarrhoea by local people 

             The same/selected isolates were subjected to extract treatment for determining 

the plants’ antimicrobial property. 

 

3.2.2.4.1. Preparation of plant extracts 

 The plant parts of six different traditionally used plants (Table 3.3) were first 

air dried (modified from Reference) and then cleaned thoroughly with distilled water 

to make it completely free from adhered soil and decomposed plant parts. Then the 

samples were oven dried at 28°C to 30°C. The dried samples were then powdered and 

bottled in dry capped tubes and stored in glass desiccators until further use. 

 The dried and powdered plant parts were soaked in ethanol and methanol and 

sterilized dH2O separately for 24 hrs in a round bottomed flask for the preparation of 

extract. Five gm of each of the powder were soaked in 50 mL solvent. The extracts 

were filtered using Whatman filter paper No. 1 (45 µm mesh size) and stored in air 

tight containers. The extracts were used to test antimicrobial activities against 15 

coliform strains. The antibacterial activity of the sample extracts were determined by 

disc diffusion method of Bauer et. al. (1966). The discs were soaked in the extracts 

for about 24 hrs at room temperature. With the help of sterilized forceps, one disc 

from each of the extracts, was taken and held in front of flame for few seconds to 

evaporate the solvents (distilled water, ethanol and methanol). The discs were then 

aseptically placed onto the agar plate surface, which was freshly spread with 

overnight grown broth cultures of the test isolates. Streptomycin (25 µg mL
-1

) 

(Strept.) was taken as positive control for the study. Preliminary phytochemical 

analysis of ethanolic and methanolic plant extracts were carried out using the 

procedure of Harborne, (1996) (Appendix G). 

 

3.2.2.4.2. Determination of Minimum Inhibitory Concentration (MIC) value of 

the medicinal plant extracts against selected coliform isolates 

 MIC values of the medicinal plant extracts were determined by agar cup assay 

(Aneja, 2002). The extracts were dried by allowing the solvents to evaporate at room 

temperature (~24°C) and weighed. The dried extracts were diluted with DMSO at 1:1 

ratio. Different concentrations of extracts (50 µg mL
-1

, 100 µg mL
-1

, 250 µg mL
-1

, 

500 µg mL
-1

, 1000 µg mL
-1

 and 10,000 µg mL
-1

) were prepared with DMSO/sterile 
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dH2O. Nutrient agar pour plates were prepared taking 6 hr old cultures of the isolates, 

agar cups were prepared with the help of sterilized cork borer and different dilutions 

of the extracts were applied in the agar cups. The plates were allowed to incubate at 

37°C for 24 hrs and zones of inhibition were observed. Inhibition zone more than 6 

mm was recorded to have antibacterial activity against the bacterial isolate. Lowest 

concentration of extract, which could show inhibition zone, was considered as MIC 

value of the extract against the isolate. Diameter of inhibition zone (mm) was 

measured using a scale. Experiment was performed in triplicate and the average 

diameter of inhibition zone was measured for each sample. 

 

3.2.2.5. Determination of PAGE profile of the selected coliform isolates 

 Native PAGE was performed following the procedure of Bollag et. al., (1996). 

Preparation of chemicals/reagents for the experiment is described in Appendix B. 

• Preparation of bacterial protein sample 

 Selected coliform isolates were allowed to grow overnight (12-16 hrs) at 37°C 

in 250 mL flasks with 100 mL of NB. The cultures were centrifuged at 10000 rpm for 

15 minutes in cold centrifuge. The supernatant of each culture was discarded while 

the pellet was retained. The pellet was sonicated for cell lysis. The lysed cells were 

taken up in phosphate buffer (20-40 µL) in Eppendorf tube. It was again centrifuged 

at 10000 rpm for 10 minutes. The supernatant was retained as protein sample and 

stored in deep freeze for further analysis.  

• Sample preparation and loading in the wells 

 Protein sample 20 µL and sample buffer 5 µL were mixed and introduced into 

well using a disposable gel loading tip. 

• Running the gel 

 The power supply was turned on to ~100 vs (constant current) and 

electrophoresis was allowed to continue until the dye migrated in within 1-5 mm of 

the bottom of the gel. 

• Staining procedure 

 Wearing gloves, gel sandwich was dissembled and gel was picked up and 

transferred to a container containing Coomassie stain. The set was agitated for 10 

minutes on a slow rotary shaker. The stain was poured out and Coommasie destain 

was added and the shaking was continued till the gel was completely destained. The 
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gel with different banding pattern was then placed on transilluminator (Bangalore-

Genei) and photographed. 

 

3.2.2.6. Isolation of plasmid from the bacterial cells 

 Isolation of plasmid was done following the procedure given by Janarthanan 

and Vincent (2007) using 1% agarose gel. Preparation of solutions/reagents is 

described in Appendix C. 

• Isolation process 

 The selected bacterial colonies were inoculated in 5 mL of NB (containing 

Ampicillin 100 µg mL
-1

) using sterile loop and grown overnight in shaking incubator 

at 180 rpm at 37°C. The cultures were then centrifuged for 1 minute at 10,000 rpm. 

The supernatant was removed and the tubes were briefly drained on paper towel. Then 

0.2 mL of ice-cold Solution I was added to the bacterial pellets and the cells were 

resuspended as much as possible using disposable microtip. Then 0.4 mL of Solution 

II was added and the tubes were capped and inverted several times gently. The tubes 

were kept at room temperature for 5 minutes, 0.3 mL of ice-cold Solution III was 

added and the tubes were inverted several times gently and incubated on ice for 10 

minutes. The tubes were then centrifuged for 5 minutes at 10,000 rpm and the 

supernatants were poured into fresh tubes carefully and 1.0 mL of isopropanol was 

added to the tubes and left at room temperature for 2 minutes. The tubes were then 

centrifuged at 10,000 rpm for 2-5 minutes. The supernatants were discarded and the 

tubes were drained on paper towel. After this, 1 mL of ice-cold 70% ethanol was 

added and mixed by inverting several times. The tubes were then centrifuged at 

10,000 rpm for 1 minute. The supernatants were discarded and the tubes were drained 

on paper towel. The tubes were allowed to dry for 5 minutes and 50 µL of TE was 

added to the tubes and the plasmid DNA was dissolved. 

• Agarose gel electrophoresis of the isolated plasmid DNA 

 Agarose gel electrophoresis of isolated plasmid DNA was carried out for 

determining the prevalence and separation of the plasmid/s of the isolated coliforms 

following the protocol described in Practical Biotechnology: Methods and Protocols 

(Janarthanan and Vincent, 2007).  

 

 



50 

 

• Gel preparation 

 Electrophoresis buffer of 1 X TAE was prepared for both gel and 

electrophoresis. Agarose 0.5 gm was weighed and added to 50 mL of 1 X TAE for 

preparing 1% agarose gel in a conical flask and heated in a water bath, rotating the 

flask occasionally, until the agarose dissolved. It was then cooled to 55-60
º
C using 

running tap water. Ethidium bromide of 0.5µg mL
-1

 from the stock of 10 mg mL
-1

 was 

added to this mixture when the temperature was around 50
º
C. The comb was placed 

before pouring the gel onto the gel tray ensuring that there was enough space of about 

0.5 to 1.0 mm between the bottom of the comb and the gel tray for allowing proper 

formation of wells and avoid sample leakage. The agarose solution was then poured 

on to the gel tray. The open edges of the tray were sealed with the help of cellophane 

tape before pouring the agarose gel. The gel was left for 30-40 minutes for 

solidifying. The comb and the cellophane were then carefully removed from the gel 

tray. The electrophoresis tank containing the gel was then filled with 1 X 

electrophoresis buffer taking care that there was enough buffer to cover the gel with 1 

mm liquid above the surface of the gel as too much buffer would allow the electric 

current to pass through the buffer instead of the gel. 

• Gel electrophoresis 

 One volume of sample buffer was added to five volumes of DNA samples and 

mixed. The sample was then applied on to the wells formed in the gel. Care was taken 

to remove any air bubbles from the wells and not to move electrophoresis tray as this 

would cause samples to float out of the wells. Electrodes were connected and current 

of 1-10 vs M
-1

 was applied till the dye migrated to an appropriate distance in the gel. 

• Analysis of gel 

 The gel was rinsed with water and placed on transilluminator (Bangalore-

Genei) and photographs were taken.  

 

3.3. Statistical analysis 

 Mean and standard deviation of data were estimated using Microsoft Excel 

2007. One way Analysis of Variance (ANOVA) was used to test equality of mean of 

all months for the variables of physiochemical and microbiological parameters. 

Extension of ANOVA, Duncan’s post hoc tests were used to group months having 

nearby means. Two way ANOVA was performed to see statistical significance 
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between different plants’ extracts n isolates using statistical software SPSS version 

21. Correlation co-efficient (r) was determined by Pearson’s bivariate correlation test.  

    
                         Plate 3.4a                                                    Plate 3.4a′    

    
Plate 3.4b                                                  Plate 3.4b′ 

  
Plate 3.4c                                              Plate 3.4d 

Plates 3.4a. Astilbe rivularis plant. 3.4a′. Rhizome of A. rivularis 

              Plates 3.4b. Costus speciosus plant. 3.4b.′ Rhizome of C.  speciosus 

              Plate 3.4c. Heracleum wallichii fruits. Plate 3.4d. Hydrocotyl javanica 
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Plate 3.4e                                                Plate 3.4e′ 

   

Plate 3.4f                                            Plate 3.4f′ 

Plate 3.4e: Psidium guajava plant 

        Plate 3.4e’: Bark of P. guajava 

        Plate 3.4f: Rhododendron arboreum tree 

        Plate 3.4f’: R. arboreum flowers. 

 

 

 

 

 

 


