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ABSTRACT 
For a project to qualify as climate change mitigating project, it is necessary that it excludes 
waste incineration, pelletisation, pyrolysis and gasification systems. Researchers of waste 
suggest that composting is a better alternative because it saves the amount of energy that 
incinerating same materials would generate. City compost use can save 50% of normal urea dose 
and gives 15% higher yield with 30% less water need and less pesticide. Urea production needs 
both costly naphtha and factory power to produce it. Pesticide usage has become an integral part 
of modern agriculture system. Accumulation of pesticides in soil or its entry in agricultural 
runoff is main cause of environmental pollution. Some pesticides are artificially made complex 
compounds which persist in environment and do not undergo biological transformation 
(xenobiotics). Microorganisms play an important role in degradation of xenobiotics and owing to 
this, as nature of domestic biodegradable waste is changing due to use of various pesticides, 
preservatives and chemicals; requirement is preparation and application of selective bioculture, 
which can degrade pesticide as well as organic matter. Consequently when bioculture with 
compost applied to soil it will not only fertilize soil but simultaneously degrade pesticide 
residues present in farms. In the present study Isolation and characterization of selective 
microorganisms (mesophiles and thermophiles with pesticide degraders) required for bioculture 
preparation were carried out. Identification of the pesticide degrader was carried out by 16S 
rRNA sequencing. After enrichment, its application in composting was tested. Present biological 
processing proved very effective in stabilization of domestic biodegradable waste containing 
pesticide residues. 

Key Words : Composting, Energy, Bioculture, Domestic waste, Xenobiotics 
 

INTRODUCTION 
Waste is unwanted or unusable materials. 
Municipal solid waste includes commercial and 
residential wastes generated in municipal or 
notified areas, in either solid or semi-solid form 
excluding industrial hazardous wastes, but 
including treated bio-medical wastes.1 Asian 
countries are facing MSWM problems due to the 
rapid growth in MSW generation rate. The total 
quantity of waste generated by 23 metro cities in 
India was 30,000 tpd in 1999, which has 
increased considerably to about 52,000 tpd.2,3 

Pesticide  usage  has  become  an  integral  part       
of   modern   agriculture   system.   Many   of  the  

artificially made complex compounds i.e. 
xenobiotics persist in environment and do not 
undergo biological transformation. According to 
national institute of nutrition, 18 types of 
pesticides detected in the vegetables sold in 
markets of India. Similar types of reports by 
Indian Institute of agricultural research, where 20 
to 30 % of pesticides present in cereal grains.4 
Microorganisms play an important role in 
degradation of xenobiotics and owing to this, as 
nature of domestic biodegradable waste is 
changing due to use of various pesticides, 
preservatives and chemicals, requirement is 
preparation and application of selective 
bioculture for composting of such domestic 
waste.  Endosulfan is commonly used pesticide  *Author for correspondence 
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by agriculture industry in India, therefore 
residues of endosulfan often present in the 
vegetable and fruit waste. Addition of pesticide 
degraders (microorganisms) in the bioculture will 
definitely help to reduce the problem of 
accumulation of these xenobiotics in 
environment. Endosulfan is a pesticide belonging 
to the organochlorine group of pesticides, under 
the Cyclodiene subgroup. Introduced in the 
1950's, it emerged as a leading chemical used 
against a broad spectrum of insects and mites in 
agriculture. Endosulfan is widely considered to 
be a Persistent Organic Pollutant (POP)  
Organisms like Corynebacterium spp. and 
Pseudomonas fluroscence mainly involved in 
degradation of endosulfan. Bacillus circulans, 
which rapidly mineralizes endosulfan, can be 
used in bioculture preparation.  
As national need for returning nutrients to the 
soils and to take advantage of our tropical 
climate, Municipal Solid Waste (Management & 
Handling) Rules 2000 require that in all ULBs, 
biodegradable wastes shall be processed by 
composting, vermi-composting, anaerobic diges-
tion or any other appropriate biological process-
ing for stabilization of wastes. Varieties of 
methods are used to reduce the waste, such as 
incineration,  pelletisation,  pyrolysis  and gasify- 

cation systems and composting. For a project to 
qualify as climate change mitigating project it is 
necessary that it excludes waste incineration, 
pelletisation, pyrolysis and gasification systems. 
Researchers of waste suggest that composting is 
a better alternative because it saves the amount of 
energy that incinerating same materials would 
generate. City compost use can save 50% of 
normal urea dose and gives 15% higher yield 
with 30% less water need and less pesticide. 
Urea production needs both costly naphtha and 
factory power to produce it. Compost is not just 
decayed organic matter. Composting is applied 
microbiology involving the interactions of 
thousands of different species of microorganisms 
in a highly complex ecosystem. The composting 
process kills weed seeds and suppresses human 
and plant pathogens; that doesn't happen when 
leaves and other detritus rot down on their own. 
Applying compost to soils provides an excellent 
conditioner and mulch, which fertilizes and 
provides soil structure, retains moisture. City 
compost can also restore saline and alkaline soils 
to fertility.5,6 
The composting process is carried out by three 
classes of microbes–based on temperature for 
growth (0C) (Table 1).  

Table 1 : Classes of microbes-based on temperature for growth (0C) 

Group Minimum Optimum Maximum Comments 

Psychrophile Below 0 10-15 Below 20 Grow best at relatively low T 

Psychrotroph 0 15-30 Above 25 Able to grow at low T but 
prefer moderate T 

Mesophile 10-15 30-40 Below 45 
Most bacteria spp. those living 
in association with warm-
blooded animals 

Thermophile 45 50-85 Above 100 
(boiling) 

Among all thermophiles is 
wide variation in optimum and 
maximum T 

Generally, composting begins at mesophilic 
temperatures and progresses into the thermo-
philic range. In later stages other organisms incl-
uding actinomycetes, Fungi assist in the process.  
The phases of composting  
In the process of composting, microorganisms 
break down organic matter and produce carbon 
dioxide, water, heat and humus, the relatively 
stable   organic   end   product.  Under  optimal  

conditions, composting proceeds through three 
phases : 1) the mesophilic, or moderate-tempera-
ture phase, which lasts for a couple of days  2) 
the thermophilic, or high-temperature phase, 
which can last from a few days to several 
months, and finally and 3) a several-month 
cooling and maturation phase. 
Different communities of microorganisms 
predominate   during   the    various   composting  
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phases. Initial decomposition is carried out by 
mesophilic microorganisms, which rapidly break 
down the soluble, readily degradable 
compounds. The heat they produce causes the 
compost temperature to rapidly rise. As the 
temperature rises above about 40°C, the 
mesophilic microorganisms become less 
competitive and are replaced by others that are 
thermophilic, At temperatures of 55°C and 
above, many microorganisms that are human or 
plant pathogens are destroyed. During the 
thermophilic phase, high temperatures accelerate 
the breakdown of proteins, fats and complex 
carbohydrates like cellulose and hemicelluloses. 
As the supply of these high-energy compounds 
becomes exhausted, the compost temperature 
gradually decreases and mesophilic 
microorganisms once again take over for the 
final phase of "curing" or maturation of the 
remaining organic matter. The compost process 
degrades and in some cases, completely 
eliminates wood preservatives, pesticides and a 
both chlorinated and nonchlorinated hydrocarbon 
in contaminated soils. It is estimated that about 
33 percent of the total waste stream could be 
composted.  

AIMS AND OBJECTIVES 
Isolation, characterization of selective 
microorganisms required for selective 
bioculture preparation and after enrichment, its 
application in composting is objective of the 
study. This work is mainly carried out for the 
conversion of organic waste as well as 
pesticide containing vegetable /fruit waste into 
compost by using microbes. The most 
important application of production of 
bioculture is reduction of time lag for waste 
degradation. This will aid in emptying the 
space or land. So the land will be ready to 
accept the new load of waste.  

MATERIAL AND METHODS 
Isolation and characterization of microorgani-
sms from domestic waste samples soil and 
domestic waste sample collection 
Soil samples were collected from domestic 
waste decomposition sites like fruit and 
vegetable market yards as well as from soil 
near pesticide storage places.  

Domestic waste samples containing cellulosic 
dry waste were collected from kerbside. Fruit 
waste containing peels and decaying fruits and 
stalks and leaves of rotten vegetable waste 
were collected from local fruit and vegetable 
market yards, these are unwashed samples with 
pesticide residues.  
All three types were separately added into six 
different flasks, i.e. two sets of each category of 
waste were prepared. About 10 gm of soil was 
mixed with contents of each flask and water was 
sprinkled. One set of flasks were incubated at 
room temperature For mesophiles-M while 
second set of flasks were incubated at 550C. For 
Thermophiles-T (Fig. 1). 

 

 

 

 

 

 

 

Fig. 1 : Domestic waste sample (vegetable, 
cellulosic dry waste, fruit waste) containing 

flasks. 
Isolation 
Using nutrient agar medium, bacteria were 
isolated from each flask containing domestic 
waste samples at different stages of 
degradation.  
i. After 8 days a 2 to 3 loopful of material 

from liquid portion of degraded domestic 
waste sample of each flask were suspended 
in 1ml of distilled water containing tubes, 
where two tubes for each waste category 
was used. Two sets were prepared (T and 
M.) 

ii. Each suspension was then spread on 
surface of six sterile nutrient agar plates 
labelled as M1, M2, M3 and T1, T2, T3. 

iii. Plates were incubated- one set at room 
temperature (M) and other set at 55oC (T). 

iv. After two days of incubation 10 colonies 
with different morphologies were selected 
from both sets. Colony characteristics of 
each colony were recorded. 

v. The flasks were further incubated. 
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vi. After 15 days the similar procedure was 
repeated. Eight colonies with different 
morphologies were selected from plates 
and colony characteristics of each colony 
were recorded as in observation (Table 2 
and Table  3). 

Colonies with different morphologies were 
picked up and pure cultures were prepared. 
Isolates were then preserved on nutrient agar 
at 40C.  
Characterization and identification 
For identification and characterization of 
isolates following biochemical test were 
performed referring to the Bergey’s Manual of 
Determinative Bacteriology 9th edition.  IMViC 
tests were carried out as well as test for 
production of enzymes such as Urease, 
Gelatinase, Amylase, Catalase, Oxidase were 
carried out. Observations are as per Table 4 to 
Table 6. As well as for identification of 
pesticide degraders 16 S rRNA (for PCR 
sequence) was carried out. (Table 7).  
Production of bioculture 
Screening of isolates 
Screenings of the isolates were carried out for 
the ability to use cheap carbon source for 
growth. Screening medium used were dairy 
waste water and sugarcane molasses. The 
ability of each isolate to utilize medium was 
indicated by an increase in turbidity of the 
medium measured at 515 nm using 
colorimeter. 
i. 400 ml of dairy waste water and sugarcane 

molasses were taken separately into 500 
ml of Erlenmeyer flasks. 

ii. 0.4 gm of ammonium sulphate [(NH4)2 
SO4] was added as a nitrogen source to 
each flask and sterilized. 

iii. Sterile sugarcane molasses medium was 
then distributed in 26 sterile bumper tubes, 
15 ml each. Two sets each containing 
eleven tubes were prepared, one for 
mesophiles and second for thermophiles. 

iv. A loopful of each isolate was inoculated 
separately into each set of eleven tubes. 
While mixed suspension of all isolates was 
inoculated in two tubes containing same 
media to observe whether there is any 
inhibitory action between isolates (for M 
and T). Last two tubes (Uninoculated 
tubes) with media were served as control 
for M and T. 

v. The same procedure (step 3 and 4) was 
followed for sterile dairy waste water. 

vi. All tubes in set no-1 were then incubated 
at room temperature (23 – 25 oC) and of set 
no-2 at 55 oC for three days. 

vii. After incubation optical density of all tubes 
containing inoculated medium was recorded 
calorimetrically at 515 nm. Observations are 
as per Table 8 and Table 9.  

viii. One ml of suspension of all isolates was 
inoculated into 100mL of sterile sugarcane 
molasses medium. 

ix. These flasks were incubated for three days 
at room temperature (mixed bioculture is 
prepared). 

x. Separate experiment is carried out for 
isolation of common pesticide degraders. 
The vegetable and fruit waste with 
pesticide, i.e. 50mg/L of technical 
endosulfan, was inoculated with each 
isolate separately and incubated for 6 days. 
Results were recorded and organisms 
showing maximum waste degradation was 
screened which is identified as B2. This 
organism was further identified on the 
basis of morphological, cultural, 
physiological characterization as well as 
16S rRNA sequencing, the isolate B2, was 
identified as Bacillus circulans. 

Results of PCR sequence report are as per 
Table 7 and Table 8, represents the identifica-
tion of bacterial isolate B2. After incubation 
this culture is mixed with other isolates (mixed 
bioculture) and was tested as selective 
bioculture for further study. 

Table 2 : Eighteen isolates were obtained from degrading domestic waste samples. They 
were labelled as G, Y, W, R, P, C, B, L, O, Rt, Cn, Pi, Br, Dy, Yo, Ch, Cr, B2 

Domestic waste sample  At room temperature At 55oC 
Cellulosic dry  waste G, Y, W, Ch, R R, P, Pi, Dy, Cn, Yo, G. 
Vegetable waste Y, P, W, Br, R,B2 G, Y, W, Rt, O. 
 Fruit waste B, W, R, L. G, C, Cr, W,.L, P, O 
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Table 3 : Colony characteristics of isolates 

Isolate Size(mm) Shape Colour Margin Elevation Opacity Consistency 

G 1.5 Circular Green Irregular Convex Opaque Sticky 

Y 1.0 Circular Yellow Entire Convex Opaque Mucoid 

W 1.5 Circular White Irregular Flat Transparent Sticky 
R 0.5 Circular White Regular Flat Opaque Mucoid 
P Pinpoint Circular White Entire Convex Opaque Mucoid 

C 2.0 Circular Cottony 
White Regular Flat Opaque Sticky 

B 1.5 Circular Yellow Entire Convex Opaque Mucoid 

L 1.0 Circular Shiny 
white Entire Convex Opaque Mucoid 

O 0.5 Circular Brown Entire Convex Opaque Mucoid 
Rt Pinpoint Irregular White Irregular Convex Opaque Sticky 
Cn 1.0-2.0 Circular White Regular Flat Opaque Sticky 

Pi Pinpoint Circular Pink Entire Convex Opaque Sticky 
Br Pinpoint Circular Brown Entire Convex Translucent Sticky 

Dy 1.5 Circular Dark 
yellow Entire Flat Opaque Sticky 

Yo 1.0 Circular Yellow Entire Convex Translucent Sticky 

Ch 1.0 Circular Chalky 
white Entire Convex Opaque Mucoid 

Cr 1.5 Circular Creamy 
white Entire Convex Opaque Mucoid 

Table 4 :  Morphological and biochemical characteristics of isolates 
 B2 G Y W R P C 

Gram 
character 

Gram 
positive 

rod 

Gram 
negative 

rod 

Gram 
negative 

rod 

Gram 
positive 

rod 

Gram 
positive 

rod 

Gram 
positive 

rod 

Gram 
positive 

cocci 

Motility Variably 
motile Motile Non 

motile 
Non 

motile 
Non 

motile Motile Non 
motile 

Lactose A A/G - - A - - 
Fructose A A/G A/G A/G A/G A/G - 
Xylose A A/G A/G A/G A/G A/G - 
Maltose A - A/G A/G - A/G - 
Mannitol A A/G A - A/G A/G - 
Dextrose A A/G A/G A/G A/G A/G A 
Inositol - - - - A A - 
Sucrose - A/G - - A/G A/G - 
Indol - - + + - + - 
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Methyl 
red + - - - + - - 

V.P. Test - + + + + + + 
Citrate V + + + - + - 
Gelatinase - + - - - + + 
Amylase + -  + - - + 
Urease - +  + + + + 
Catalase - + + + + + - 
Oxidase - + + + - - - 
Nitrate 
reduction +d + + - + - - 

+ = Positive test, - = Negative test, A/G = Acid and gas production, ND = Not detectable 

Table 5 : Morphological and biochemical characteristics of isolates 

Gram 
character 

B L O Rt Cn Pi 
Gram 

positive 
rod 

Gram 
negative 

rod 

Gram 
positive 

cocci 

Gram 
positive 

Gram 
positive 

rod 

Gram 
positive 

cocci 
Motility Motile Motile Non 

motile 
Motile Motile Nonmotile 

Sugars-
Lactose 

- - A - - - 

Fructose - A/G A/G A/G - - 
Xylose - A/G A/G A/G - - 
Maltose A/G A/G A/G A/G - - 
Mannitol A/G A/G A/G - - - 
Dextrose A A/G A/G A/G - - 
Inositol A/G - A/G A/G - - 
Sucrose A/G A/G A/G A/G - - 
IMViC 
Indol 

 
- 

 
+ 

 
+ 

 
+ 

 
- 

 
- 

Methyl red - - + - - + 
Voges –
Prausker 

+ + + + - + 

Citrate - + + + - - 
Enzymes- 
Gelatinase 

 
+ 

 
+ 

 
- 

 
- 

 
+ 

 

Amylase + + - - -  
Urease  + + + +  
Catalase - + - + + + 
Oxidase - + + + + - 
Nitrate 
reduction 

 
+ 

 
+ 

 
- 

 
- 

 
- 
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Table 6 :  Morphological and biochemical characteristics of isolates 

 Br Dy Yo Ch Cr 

Gram 
character Gram positive 

Gram 
positive 

cocci 

Gram 
positive rod 

Gram positive 
cocci 

Gram positive 
cocci 

Motility Nonmotile Motile Nonmotile Nonmotile Motile 
Sugars-
Lactose A/G - - - - 

Fructose A/G - - - - 
Xylose A/G - - - - 
Maltose A/G - - - - 
Mannitol A/G - - - - 
Dextrose A/G - - - - 
Inositol - - - - - 
Sucrose - - - - - 
IMViC 
Indol 

 
+ 

 
- 

 
- 

 
- 

 
- 

M.R. + - - - - 
V.P. + - - - + 
Citrate + - - + - 
Enzymes- 
Gelatinase   

+ 
 
-   

Amylase  - -   
Urease  - +   
Catalase + + - + + 
Oxidase + - - + - 
Nitrate 
reduction   

- 
 
-   

+ = Positive test, - = Negative test, A/G = Acid and gas production, ND = Not detectable 

Table 7 : Identification of the isolate by 16S rRNA sequencing 

Code 
no. Base sequence Identified 

bacteria 
% 

Identity 

B2 

CCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCAT
CGTT 

GCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCG
CCGC 

GGGCCCATCTGTAAGTGACAGCGAGATGCCGTCTTTC
AGCTT 

TTCCTCATGAGAGGAAAAGGATTATCCGGTATTAGCTC
CGGT 

TTCCCGAAGTTATCCCAGTCTTACAGGCAGGTTGCCCA
CGTGT 

TACTCACCCGTCCGCCGCTAACTTTAAAAGCAAGCTTT
TAAAG 

TCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGT
TCAA 

TCTGAGA 

Bacillus 
circulans 98% 

7Bac 94-(16ESRP)-Sequences producing significant alignments 
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Table 8 :  PCR sequences report along with gene expression 

Accession Description Max 
score  

Total 
score  

Query 
coverage  

E 
value  

Max 
ident  

AB189702.
1 

Uncultured Bacillus sp. gene for 
16S ribosomal RNA, partial 
sequence, clone: Mc-9.2e-26 

544 544 97% 1e-151 100% 

GU430706.
1 

Bacillaceae bacterium oral taxon 
D08 clone WS004 16S ribosomal 

RNA gene, partial sequence 
521 521 97% 7e-145 98% 

GQ385067.
1 

Bacillus circulans strain AIMST 
S1 16S ribosomal RNA gene, 

partial sequence 
514 514 97% 1e-142 98% 

FN393823.
1 

Bacillus circulans partial 16S 
rRNA gene, strain ES-8c1 514 514 97% 1e-142 98% 

AM910254.
1 

Bacillus sp. R-30733 partial 16S 
rRNA gene, strain R-30733 514 514 97% 1e-142 98% 

AM910253.
1 

Bacillus sp. R-30730 partial 16S 
rRNA gene, strain R-30730 514 514 97% 1e-142 98% 

AM745111.
1 

Bacillus circulans partial 16S 
rRNA gene, strain A233 514 514 97% 1e-142 98% 

AB271747.
1 

Bacillus circulans gene for 16S 
rRNA, partial sequence 514 514 97% 1e-142 98% 

Effect of bioculture on time course required 
for degradation of domestic waste 
1) Domestic waste sample containing 

vegetable waste, cellulosic waste and fruit 
waste was collected and mixed. 

2) It was distributed equally into two  

different flasks. 
3) In one flask prepared bioculture was 

inoculated and kept as ‘test’; while 
uninoculated flask was kept as ‘control’. 

These flasks were kept at room temperature for 
biodegradation of waste. (Fig. 2 and Fig. 3). 

  
Fig. 2 : Domestic waste sample at the time of 

inoculation of bioculture 
Fig. 3 : Domestic waste sample after 10 days 

incubation, upon inoculation of bioculture 

RESULTS AND DISCUSSION 
Eighteen isolates were obtained from degrading 
domestic waste samples in mesophilic as well as 
in thermophilic range of temperatures. They were 
labelled as G, Y, W, R, P, C, B, B2 L, O, Rt, Cn,  

Pi, Br, Dy, Yo, Ch, Cr, and B2. Out of these six 
isolates were identified to their species level, 
while  the  others  were  identified  to the genus 
level, they were B2, G, L, O, P, C, W, R, Rt, 
Cn,   Yo,  Dy   and   are  identified  as  Bacillus  
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circulance, Pseudomonas fluorescence, Azotob-
acter  spp., Lactobacillus casei, Caryophanon 
spp., Actinomycetes pyrogens, Corynebacterium 
cystitidis, Brochothrix spp., Cellulomonas flavi-
gena, Kurthia spp., Erysipelothrix spp., Plano-
coccus citreus, respectively. Organisms separa- 

tely inoculated in sugarcane molasses screening 
medium showed maximum growth (O.D.is 0.98) 
on average than in dairy waste water screening 
medium (0.08) at 515 nm, thus sugarcane molas-
ses medium was used for the preparation of bio-
culture. (Table 9) 

Table 9 : Growth in various crude media 

Isolates 
Growth in Dairy waste water 

O.D. of Control = 0.08 

Growth in Sugarcane 
molasses medium O.D. of 

control = 2.15 
 O.D of test Test-Control O.D.of Test Test - Control 

Bacillus circulance 0.16 0.08 3.01 0.86 

Pseudomonas 
fluorescence 

0.17 0.09 3.01 0.86 

Azotobacter spp. 0.16 0.08 2.92 0.77 

Lactobacillus casei 0.08 0.00 2.38 0.23 

Caryophanon spp. 0.13 0.05 2.72 0.57 
Actinomycetes pyrogens 0.16 0.08 2.39 0.24 

Corynebacterium 
cystitidis 

0.13 0.05 2.79 0.64 

Brochothrix spp. 0.13 0.05 3.09 0.94 

Cellulomonas flavigena 0.09 0.01 2.82 0.67 
Kurthia spp. 0.14 0.06 2.70 0.65 

Erysipelothrix spp. 0.10 0.02 2.63 0.48 

Planococcus citreus 0.16 0.08 2.71 0.56 
Mixed suspension 0.14 0.06 3.11 0.96 

Prepared bioculture was further tested for 
composting. After 15 days there was about 40-50 
% reduction in volume of ‘test’ compared to 
‘control’. After 45 days there was about 60-70 % 
reduction in volume of ‘test’ An organism 
showing maximum waste degradation in 
presence of endosulfan was screened, which is 
identified Bacillus circulans. This organism was 
further identified by 16S ribosomal RNA. 
B.circulans, P.fluroscence and Corynebacterium 
spp. are known pesticide degraders and presence 
of these organisms in bioculture makes it more 
valuable. 

CONCLUSION 
Spraying of bioculture on domestic waste 
minimizes the time course required for degrada- 

tion. This will aid in emptying the space, 
subsequently the land will be ready to accept the 
new load of waste. Consortia of selective 
microorganisms in bioculture, capable of 
degrading xenobiotics like endosulfan, present 
on vegetable waste, makes it more advantageous. 
Compost prepared by this method is very 
valuable as, not only it has applications like 
improved soil quality, water retention but it aids 
in mineralization of pesticides like endosulfan 
present in the farmyard.  
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