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Abstract

Purpose Urban municipal solid waste in India are 75–85%

organic. Uncontrolled dumping of this waste is a major

health concern. Degradation of organic waste by use of a

microbial consortium is safe, efficient and economic.

Therefore, this study was taken up to recycle the organic

solid waste into effective compost using a microbial

consortium.

Methods Bacterial consortia were developed using antag-

onism assay. Concomitant enzyme production by the

consortia was determined. The best consortium was further

employed for degradation of 30 kg of organic solid waste.

Compost analysis of 30 kg of wastes was done to determine

the level of C, N, K, P and S.

Results In this study, of the four consortia proposed,

consortia no. 2 had the highest degrading capability. It

exhibited consistent degrading capabilities of 30 kg

waste. The volume of the waste was reduced to 82%,

with a reduction in mass and moisture content to 65 and

42%, respectively, after 30 days of degradation study.

The compost produced after 30 days had a dark colour

and grainy texture without any crustacean population

and lacked foul smell. Compost analysis of 30kg wastes

inoculated with consortium 2 showed C:N ratio of 22:1

compared to 32:1 in control, and increased percentage of

K, P and S which are required for enhancement of soil

fertility.

Conclusion Therefore, we can conclude that consortium 2

can serve as a biological tool for the removal of organic

solid wastes from the environment, and the compost gen-

erated from the degradation can be applied to increase the

fertility of the soil.

Keywords Municipal solid waste � Microbial consortium �
Compost � Soil fertility

Introduction

Biodegradable waste refers to the amount of organic

matter in waste. Biodegradable waste is commonly found

in municipal solid waste (MSW) where the organic matter

in waste ranges from 75 to 85% in urban MSWs of India.

The varying content of organic matter in waste depends

on the economic condition of the country from where it is

generated (Bandara et al. 2007). Recent decades had seen

rapid increase in human population, accelerating economy

and urbanization, which have led to an exponential

increase in waste generation every year (Gouveia and

Prado 2009). According to Gupta and Arora (2016), it has

been estimated that urban India generates approximately

1,88,500 tonnes of municipal solid waste per day (68.8

million tonnes per year). The most common and cheap

waste disposal technique involves dumping of waste in a

specified disposal yard. This results in the pollution of

soil by toxic chemicals present in waste, leading to

emergence of diseases in plants, human beings and cattle

(Forastiere et al. 2011).

Thus, micro-organisms present in soils of dump sites are

exposed to varied substrates and chemicals, which raises

the possibility of screening effective bacterial strains with

valuable applications. Rapid organic waste degradation
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requires the action of micro-organisms with enhanced

enzyme activity to break down complex polymers into

simpler degradable molecules. Therefore, inoculation of

waste with microorganisms that produce extracellular

enzymes such as cellulase, amylase, protease, pectinase

and lipase at higher levels enhances waste degradation,

thus helping in keeping up of the waste degradation rate to

that of waste dumping (Saha and Santra 2014).

This requirement is fulfilled with the co-operation of

many micro-organisms, each of which contributes in

secreting different enzymes. The degradation of organic

waste by use of a microbial consortium is considered

highly efficient, and the capability of waste degradation

by a consortium depends on its functional and structural

stability (Mirdamadian et al. 2011). The stability of a

potential waste-degrading consortium can be observed by

testing antagonistic (competition for substrate among

different microbes present in the consortium) and syn-

ergistic (co-operation between different microbes present

in the consortium for better degradation of wastes)

activities within the strains and testing the concomitant

production of different enzymes by the bacterial strains

within the consortium to study the consortium’s func-

tioning under natural conditions of substrate availability

(Sarkar et al. 2011).

Therefore, the main objective of this present study

was to develop a microbial consortium that can act as a

biological tool for removal of organic solid wastes from

the environment and application of the compost gener-

ated from the degradation to increase the fertility of the

soil.

Materials and methods

Collection of samples

Soil samples were collected from the dumping land of

Matigarahat (latitude—26�850N, longitude—88�440E,

Siliguri, Darjeeling District, West Bengal, India) in sterile

‘Whirl-Pak’ plastic maintaining aseptic conditions and

immediately transported to the laboratory for further tests.

Characterization of the soil sample

Determination of moisture content (%) in soil samples

The soil sample was taken in a pre-weighed container and

the initial weight was recorded. The sample was dried in a

hot air oven at a temperature of 110 �C while weighing the

sample at regular intervals until a constant weight was

achieved. The moisture content of the sample was calcu-

lated using the following Eq. (1) (AWPA 1986):

MC ð% Þ ¼ W � w

w
� 100; ð1Þ

where MC is the moisture content, W the original weight

and w the constant weight after oven drying.

Chemical analysis of soil samples

The chemical characteristics of the soil sample were tested

for the following parameters: pH, organic carbon (%),

nitrogen (%), potassium (ppm), phosphorus (ppm), sulphur

(ppm), organic matter (%) and electrical conductivity (EC).

Organic carbon, nitrogen content, phosphorus, sulphur and

potassium were determined using the rapid titration method

(Walkey and Black 1934), Kjeldahl procedure (Bremner

1960), barium chloride colorimetric method (Jackson

1973) and flame photometric method after ammonium

acetate extraction (Toth and Prince 1949). The pH was

determined using a digital pH meter.

Isolation of bacteria from the soil sample

Isolation of bacteria from the soil sample was done from

the waste dumping land of Matigarahat (latitude—26�850N,

longitude—88�440E) Siliguri, West Bengal, India, by the

serial dilution method. 1 g of the soil sample was added to

a test tube containing sterile 10 ml deionized water. This

tube was marked as stock. It was shaken vigorously to

dissolve the soil and form a homogenized solution, fol-

lowed by subsequent tenfold dilution by transferring 1 ml

solution to sterile 9 ml deionized water-containing tubes

until a dilution of 10-6 was obtained. 0.1 ml of the solution

from last three dilution was transferred to sterile nutrient

agar culture media plates (pH 7) via the spread plate

method and incubated at 37 �C for 24 h. Bacterial colonies

were selected on the basis of colony morphology and

pigmentation. The isolated colonies were purified by

streaking and preserved in slants at 4 �C.

Screening of bacteria for the production

of extracellular enzymes and morphological

characterization

The isolated strains were further characterized on the basis

of their substrate specificity (starch, cellulose, casein,

pectin, tributyrin) and gram character. The inoculated

plates were incubated overnight at 37 �C and checked for a

zone of clearing around each bacterial isolate. For starch

agar, the zone of clearing was observed after flooding the

plates with iodine. Cellulase-producing organisms were

detected by flooding the plates with 0.1% Congo Red for

20 min, followed by rinsing with 1 M NaCl. Caseinase-

positive bacterial isolates will show clear halo zone around
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the culture growth in skimmed milk agar. Pectinase-posi-

tive bacterial isolates will show clear zones around culture

growth due to lack of formation of the pectin–iodine

complex after flooding with iodine. Lipase-positive isolates

show a clear zone around bacterial growth that was

observed due to the hydrolysis of tributyrin.

The proposed combination of the consortium

Four different microbial consortia were prepared by per-

mutation and combination, keeping in mind their con-

comitant enzyme production and gram character. The

compatibility of the bacterial strains within the consortia

was checked by antagonism assay.

Antagonism of bacterial strains

The cross streaking method was used to test the antagonism

among the selected bacterial strains before consortium

preparation. Each bacterial culture (24 h) was inoculated in

sterile nutrient agar media plates as a 1.5 cm-wide streak

(wider streak to obtain larger inhibitory zone in case of

antagonism) diametrically across the plate and incubated at

37 �C for 24 h. After incubation, indicator organisms (to

be present in the potential consortium) were streaked at

right angle to the original inoculum. This process was

followed to test each organism’s antagonism against the

other members of the consortium.

Concomitant enzyme production by the consortium

Each consortium was inoculated (1% inoculum load) in

50 ml synthetic media: modified Czapek mineral-salt broth

[(g/l) sodium nitrate 2, potassium chloride 0.5, magnesium

sulphate 0.5, di-potassium hydrogen phosphate 1, ferrous

sulphate 0.01 supplemented with CMC, pectin, starch,

skimmed milk and tributyrin (0.5% each)] and incubated at

37 �C at 150 rpm for 7 days (Sarkar et al. 2011). After

every 24 h, 6 ml of the sample was withdrawn from the

broth and centrifuged at 10,000 rpm. The supernatant was

subjected to amylase, cellulase, protease, pectinase and

lipase enzyme assays.

Amylase assay

Amylase activity was determined by the DNS method. 1%

starch solution was prepared in 50 mM phosphate buffer

(pH7) and used as substrate. The substrate, crude enzyme

and buffer were added to tubes and incubated at 37 �C for

30 min. After incubation, the contents of the enzyme blank

were added, 1 ml DNS reagent added to all test tubes and

all the solutions in the tubes were boiled for 5 min. The

tubes were allowed to cool to room temperature and then

diluted with 5 ml distilled water. Absorbance was mea-

sured at 540 nm and the glucose standard curve was pre-

pared using different glucose dilutions. One unit of enzyme

activity is defined as the amount of enzyme that releases

1 lmol of reducing sugar (glucose) per minute under assay

conditions (U/ml/min).

Cellulase activity

Cellulase activity was determined by the DNS method. 1%

CMC solution was prepared in 50 mM phosphate buffer

(pH7) and used as the substrate. The substrate crude

enzyme and buffer were added to tubes similar to the

amylase assay. The assay was conducted following a

similar protocol to the amylase assay under the same

incubation temperature and time. Absorbance was mea-

sured under 540 nm. Glucose standard curve was used as

standard. One unit of enzyme activity is defined as the

amount of enzyme that releases 1 lmol of reducing sugar

per minute under assay conditions (U/ml/min).

Protease assay

Protease activity was determined spectrophotometrically

following the protocol of Sigma’s universal protease

activity assay. Casein was used as a substrate and the

ability of the enzyme to digest casein into tyrosine was

tested. 1% casein was prepared in 50 mM potassium

phosphate buffer (pH 7.5) and used as substrate. The sub-

strate, crude enzyme and buffer were added to tubes and

incubated at 37 �C for 10 min. After incubation, the con-

tents of the enzyme blank were added and to all the tubes

0.5 ml stopping agent trichloroacetic acid (TCA) (20%

w/v) was added. The tubes were incubated at 37 �C for

30 min. After the incubation period, the content of each

tube was centrifuged at 10,000 rpm for 10 min to separate

insoluble substances from the sample. 1 ml of the super-

natant was taken in a fresh test tube to which 5 ml of 0.5 M

sodium carbonate was added, followed by the quick addi-

tion of 0.5 ml Folin–Ciocalteu reagent. The tubes were

kept in dark for 20 min. Absorbance was recorded at

660 nm. One unit of enzyme activity is defined as the

amount of enzyme that releases 1 lmol of tyrosine per

minute under assay conditions (U/ml/min).

Pectinase assay

Pectinase activity was determined titrimetrically following

standard Sigma protocol using pectin as the substrate. 0.5%

pectin solution was prepared in distilled water. This solu-

tion was used as the substrate. 4.90 ml of the substrate was

taken in flaks marked as test and blank and kept at room

temperature for 5 min. 0.1 ml of crude enzyme was added
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to test flasks, mixed thoroughly and the flasks along with

the blank were incubated at room temperature for 5 min.

After incubation, 5 ml 0.1 N iodine and 1 ml 1 M sodium

carbonate were added to the solution, which was incubated

at room temperature for 5 min. Then, 2 ml 2 N sulphuric

acid was added, mixed well and the flasks were kept in

dark for 20 min. Titration of the dark brown solution was

done by 0.1 M sodium thiosulphate until the solution

turned faint yellow in colour. Here, one drop of 1% starch

solution was added to obtain a dark blue colour and then

the solution was finally titrated until the solution turned

colourless. One unit of enzyme activity is defined as the

amount of enzyme that releases 1 lmol galacturonic acid

per minute under assay conditions using Eq. (2):

Units=ml enzyme

¼ ðml of titrant for blank � ml of titrant for testÞ � 1 � df � 100

0:100 � 5 � 2
;

ð2Þ

where df = dilution factor, 1 = one micromole of galac-

turonic acid is oxidized by 1 micro-equivalent of I2,

100 = micro-equivalents of S2O3 per millilitre of titrant,

0.100 = volume (in millilitre) of enzyme used in enzy-

matic reaction, 2 = micro-equivalents of S2O3 oxidized

per micro-equivalent of I2 reduced and 5.0 = time of

incubation of assay in minutes per unit definition.

Lipase assay

Lipase activity was determined titrimetrically using tribu-

tyrin oil as the substrate. 1 ml of tributyrin was mixed with

3 ml 50 mM Tris–HCl buffer (pH8) and an emulsion was

formed by swirling the contents. 1 ml of the crude enzyme

was added to the emulsion (1 ml buffer in blank) and

incubated at 37 �C for 30 min. After incubation of one

drop of the indicator, 1% phenolphthalein solution was

added to both test and blank and titrated with 50 mM

sodium hydroxide until a pale pink colouration was

developed. One unit of enzyme activity is defined as the

amount of enzyme that releases 1 lmol of fatty acid per

minute under assay conditions.

Determination of organic waste degradation

(laboratory trials with 5 kg of wastes)

The ability of the consortia to degrade 5 kg of organic

wastes was determined by individually inoculating 5% (v/

v) consortium (24 h old cultures) in two sets of organic

wastes collected from canteens around North Bengal

University. The consortium was mixed evenly and kept in

normal conditions for a month to observe the degradation.

The heaps were mixed periodically to maintain aeration. A

third set of uninoculated organic wastes was kept under

similar experimental conditions that served as control. The

sample was withdrawn periodically at a constant interval of

7 days till 28 days and waste degradation was measured on

the basis of the following parameters.

Determination of waste volume

The buckets used for the trials have the shape of truncated

cone and thus the volume of the bucket was calculated

using Eq. (3):

Volume ¼ p=3hðR2 þ Rr þ r2Þ; ð3Þ

where h is the height of the bucket, R2 the radius of the

upper surface of the bucket, Rr the radius of the middle of

the bucket and r the radius of the bottom of the bucket.

The volume of the waste was calculated accordingly at

an interval of 7 days with respect to the bucket as the waste

level decreased due to degradation.

Determination of waste density

Density of the waste was determined by filling a Petri dish

full of the waste sample and weighing the content. The

volume of the Petri plate was determined using the formula

of the volume of the cylinder. Then the formula for density

(q = mass/volume) was used.

Determination of waste mass

Mass of the degrading waste was determined after 7 days

for a month with the data obtained from density and vol-

ume of the waste at the respective day, using the formula

for density.

Change in temperature

Temperature changes were observed at three levels: top

surface, centre and bottom. This was done by making holes

in the wall of the bucket to observe temperature gradations

of the three levels with respect to the degradation.

Determination of moisture content in waste

Waste degradation is associated with reduction in moisture

content. Moisture content estimation was similar to the

protocol followed during moisture content analysis of the

soil.

Physical observation of waste

After 30 days of inoculation, wastes were observed for

changes in colour and odour. After conducting the degra-

dation study for 30 days with 5 kg organic wastes, the best
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consortium was selected to be employed in the upscaling of

the organic waste degradation.

Scaling up of degradation study using the best

consortium

On the basis of results obtained from laboratory trials, the

best consortium was selected for further scaling up of the

degradation study using 30 kg wastes. The degradation

study was done using the composting process, because

composting incurs lower cost and has lesser negative

impact on the environment (Lim et al. 2016). In addition,

composting of biodegradable solid wastes is deemed useful

for its utilizable end product as nutrient-rich organic fer-

tilizers or for land application (Wu et al. 2014). In this

study, organic wastes, collected from different canteens of

North Bengal University was inoculated individually with

overnight grown the best consortium (5% v/v). The con-

sortium was mixed evenly and kept under normal envi-

ronmental conditions for a month to observe the

degradation. The heaps were mixed periodically to main-

tain aeration. A second set of uninoculated organic wastes

was kept under similar experimental conditions that served

as the control. The sample was withdrawn periodically at a

constant interval of 7 days till 28 days, and waste degra-

dation was measured on the basis of the following

parameters: volume reduction, density increase, mass

reduction, temperature change and moisture content of the

compost following the protocol explained in the previous

section.

Chemical analysis of waste

The 30 kg organic waste inoculated with the best consor-

tium was subjected to compost analysis after 30 days of

degradation study. This included tests for the quantitative

analysis of factors: pH, electrical conductivity (E.C.),

organic matter, C:N ratio, phosphorus, potassium and sul-

phur. This test was performed to observe the ability of the

degraded organic waste to be used as manure to increase

the fertility of soil.

Results and discussion

Determination of moisture content of the soil sample

The soil sample collected from the waste dumping site of

Matigarahat was dried at 110 �C and weighed until a

constant weight was attained. The moisture content of the

sample was calculated using the formula by AWPA and it

was found to be 52%. High bacterial density is found at

high moisture content and optimal activity of aerobic

bacteria lies at the moisture content range of 50–75%.

Aerobic soil commonly consists of bacteria Pseudomonas

sp., Bacillus sp. and Clostridium sp., along with a higher

population of Actinomycetes (Alexander 1977).

Chemical analysis of the soil sample

The chemical characteristics of the soil sample were

determined with the following parameters: pH, organic

carbon (%), nitrogen (%), potassium (ppm), phosphorus

(ppm), sulphur (ppm), organic matter (%) and electrical

conductivity (EC). The results are summarized in Table 1.

Soil pH is hydrogen ion activity measurement and depends

on relative amounts of absorbed metallic ions and hydro-

gen. The pH was determined with a soil to water ratio of

1:2.5. The pH of the soil sample was 5.49, which is slightly

acidic. The reason for this can be attributed to the very high

levels of available sulphur (30 ppm), resulting from

organic matter degradation as the soil was collected from

the organic waste-rich dumping site (Bezdicek et al. 2002).

Electrical conductivity is the measurement of the ability

to transport electric charge. The EC of soil depends on salts

and sodium content level. Uncontrolled discharge of wastes

results in the significant increase of EC that can be toxic to

plants, preventing their ability to obtain water from soil.

The EC value of soil less than 0.5 m mho/cm is considered

safe for plant growth. The result showed that the EC of the

soil sample was 0.12 m mho/cm, which was considered

safe for plant growth.

A proper C:N ratio must be present in soil for organisms

to grow. Excess of carbon in soil means a surplus presence

of energy, and microbial cells will draw larger amount of

nitrogen to make use of available carbon. This is known as

‘robbing’ the soil of nitrogen and it delays the availability

of nitrogen as fertilizer in soil (Meuser 2010). A C:N ratio

of less than 20 is good for the growth of organisms the soil

of nitrogen. The C:N ratio of the soil sample was 12.5,

which is considered good for microbial growth. However,

Rawat et al. (2008) found the C:N ratio of Indian dumpsites

to vary between 11 and 30, which is in agreement with our

result.

The level of nitrogen was 0.11%, which was fairly low.

Meuser et al. (2011) found the nitrogen content of waste

dumping site to range between 0.34 and 0.54%. However,

higher levels of potassium and phosphorus were observed

due to the high solubility of K and P in solid wastes that get

readily leached to soil. The sources of these minerals are

considered to be the organic materials in wastes.

The sulphur content of the soil sample was reported to

be 30 ppm. Pillai et al. (2014) also reported the presence of

25 ppm sulphur content in the soil at the dumping site. This

level is considered very high and is good for the growth of

annual crops such as cabbage. High levels of sulphur
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indicate the presence of decaying organic matter in the soil

and results in low soil pH.

Isolation of bacteria from soil sample

19 different bacterial colonies were isolated from the soil

sample by the serial dilution method after 24 h incubation

at 37 �C. The bacterial isolates were screened according to

colony morphology (shape, margin, elevation texture) and

pigmentation. The results are summarized in Table 2. A

similar method was used by for the successful isolation of

organisms from municipal solid waste. The organisms were

further utilized in consortia for fast and effective degra-

dation of organic waste (Saha and Santra 2014).

Screening of bacteria for the production

of extracellular enzymes

The isolated bacteria were screened for the production of

five extracellular enzymes (amylase, cellulase, protease,

lipase and pectinase) that are required for the effective

degradation of organic solid wastes. The organisms were

streaked on plates with the respective screening media and

the zone of hydrolysis was observed after 24 h incubation.

The gram characteristics of the isolates were also

determined.

10 different bacterial cultures were screened out of the

19 bacterial isolates on the basis of extracellular enzyme

production and gram characteristics (Table 3). Sarkar et al.

(2011) reported 35 bacterial isolates out of 80 isolates that

showed similar enzyme production. The soil of dumping

sites is subjected to high concentration of organic material,

which consists of various kinds of substrates for the

indigenous organisms in the soil. Micro-organisms residing

in soil with heightened supply of substrates develop

mechanisms to secrete increased concentration of extra-

cellular enzymes to utilize the available substrate (Raju and

Divakar 2013).

Proposed composition of consortium

To prepare a successful microbial consortium, the bacterial

cultures must be compatible with each other to concomi-

tantly produce all these enzymes required for the degra-

dation of organic wastes. Four different microbial consortia

were prepared by permutation and combination (Table 4),

Table 1 Chemical analysis of soil

pH Org carbon (%) E.C (m mho/cm) N (%) K2O (ppm) P2O5 (ppm) Sulphur (ppm) Org. matter (%)

5.49 1.38 0.12 0.11 68.5 15 30 2.37

Table 2 Morphological

characterization of the isolated

strains from waste dumping site

Bacterial colony Shape Margin Elevation Pigmentation Texture

W1A Filamentous Filamentous Flat White Dry

W1B Circular Entire Convex Pale Mucoid

W1C Circular Entire Flat Pink Dry

W1D Circular Entire Convex White Mucoid

W1E Irregular Entire Raised Pale Dry

W1F Circular Entire Raised Orange Glossy

W1G Circular Entire Raised Yellow Glossy

W1H Circular Irregular Convex Pale Glossy

W1I Rhizoid Lobate Raised White Mucoid

W1J Irregular Rhizoid Flat White Rough

W1K Irregular Lobed Flat White Rough

W1P Circular Entire Convex Pale Glossy

W1Q Punctiform Entire Convex Yellow Glossy

W1R Circular Entire Convex Orange Glossy

W1S Punctiform Entire Convex White Mucoid

W1T Circular Entire Convex Oily yellow Mucoid

W1U Circular Entire Convex White Glossy

W1V Irregular Undulate Raised Opaque Glossy

W1W Punctiform Entire Convex Orange Glossy
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keeping in mind their concomitant enzyme production and

gram character. The compatibility of the bacterial strains

within the consortia was checked by antagonism assay.

Antagonism assay

A cross streaking method was used to test antagonism

among the bacterial strains within the proposed consortia.

Plates were observed after incubation for zone of inhibi-

tion, which would indicate the presence of antagonism

between organisms. Among the four combinations, two

combinations of organisms (consortium 1 and 2) showed

no antagonism among each other as shown in Fig. 1a, b.

Positive antagonism was observed in the case of combi-

nations 3 and 4. The zone of inhibition of growth caused by

antagonism is illustrated in Fig. 1c. Organisms W1B inhibited

the growth of W1Q, W1Q inhibited the growth of W1E, and

W1K and W1W inhibited the growth of W1B. Therefore, they

were not further considered for consortium preparation.

Preparation of a successful consortium requires the

micro-organisms in the consortium to grow in the presence

of each other without hampering the activities of other

native micro-organisms. Antagonistic relations between

micro-organisms of a consortium lead to instability of the

consortium and the expected functioning of the consortium

is not obtained. The result of the antagonism assay between

organisms of individual combination is presented in

Table 5.

Micro-organisms grow in various associations with

other organisms, one of them being an antagonistic rela-

tion. Antagonist micro-organisms can employ various

mechanisms to inhibit the growth of other microbes,

including production of toxins, antibiotics and siderophores

(Hibbing et al. 2010). Van Hamme et al. (2003) showed the

presence of antagonistic relations between microbes in a

population of mixed community.

Combinations 1 and 2 lacked antagonism and thus were

selected for further consortium preparation. Consortia were

prepared by inoculating 150 ll each of four overnight-

grown cultures in 20 ml sterile nutrient broth for each

consortium.

Concomitant enzyme production by the consortium

Czapek Dox mineral salt broth was selected for concomi-

tant enzyme production, because it is a defined medium

where all the constituents are known. This medium was

Table 3 Screening of the

isolates on the basis of enzyme

production and cell morphology

Bacteria Amylase CMCase Protease Lipase Pectinase Gram nature Morphology

W1A ? – – ?? ??? Positive Rods

W1B – – ?? ??? ??? Positive Cocci

W1C ??? – ? ??? ??? Positive Rods

W1D – – – ??? ??? Negative Cocci

W1E ?? – ?? ??? ??? Positive Rods

W1F – – – ?? ??? Positive Rods

W1G – – – ?? ??? Positive Cocci

W1H – – – ?? ??? Positive Cocci

W1I – ?? ??? ??? – Negative Rods

W1J – – – ??? ??? Negative Cocci

W1K – ??? – ?? – Positive Rods

W1P – – – ?? – Negative Cocci

W1Q ? – – ?? ??? Negative Cocci

W1R – – ?? ?? ??? Positive Cocci

W1S – – – ?? – Positive Rods

W1T ? – ?? ? ??? Negative Cocci

W1U – – ? ??? – Negative Cocci

W1V ??? – ? ??? ??? Negative Rods

W1W ??? – ? ?? – Negative Cocci

- no enzyme production, ? low, ?? moderate, ??? high enzyme production

Table 4 Proposed composition of the consortium

Combination Composition

1 W1C, W1I, W1E, W1K

2 W1R, W1T, W1V, W1K.

3 W1V, W1K, W1B, W1W

4 W1B, W1E, W1K, W1Q
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supplemented with five substrates (CMC, starch, skimmed

milk, pectin and tributyrin oil) and different extracellular

enzyme productions were assayed after every 24 h interval

till 7 days.

Consortium 2 showed the highest amylase activity on

day 2 (Fig. 2a), followed by a gradual decline. A delay in

cellulose activity was observed in both the consortia. The

highest cellulase activity was noted on day 5 in consortium

1, whereas in consortium 2 it was highest on day 4. Con-

sortium 1 had the highest cellulase activity (Fig. 2b).

Consortium 1 showed greater protease activity than con-

sortia 2, and the highest activity was observed on day 4

(Fig. 2c). Pectinase activity was significantly high for both

the consortia from day 1 and kept increasing till day 4;

consortia 2 showed slightly higher activity than consortium

1 (Fig. 2d).

The results of the lipase assay were different from those

of the rest of the enzymes. No activity was observed for

both the consortia on day 1. Enzyme activity was exhibited

on day 2 only by consortium 2. Significant increase in

lipase activity was observed in both the consortia after 72 h

incubation with a constant increase till day 7. Consortium 2

showed higher activity than consortium 1 (Fig. 2e).

Among the two consortia, consortium 2 showed better

concomitant enzyme production compared to consortium 1.

Both the consortia were selected for laboratory trial with

5 kg organic waste. Similarly, Gopinath et al. (2014)

constructed five different microbial consortia and the

compatibility of the consortia to degrade organic waste was

checked by enzyme assays of four substrates (starch, cel-

lulose, casein and tributyrin). Sarkar et al. (2011) also

reported three consortia out of 11 different microbial

consortia that were concomitant producers of all three

enzymes.

Determination of organic waste degradation (5 kg

laboratory trials)

Consortia 1 and 2 were subjected to 5 kg of organic waste

degradation for 28 days. The degradation capabilities were

tested on the basis of various parameters at a constant

interval of 7 days till 28 days.

Determination of physical changes in waste (volume,

density and mass)

A rapid decrease in waste volume was observed in both

the consortia as well as in the control after the first

week. However, decrease in volume for consortium 2

was greater than that in consortium 1. After 28 days

trial, 85% volume of the waste decreased in case of

consortium 2 and 72% in consortium 1 (Fig. 3a),

whereas only 55% volume reduction was observed in the

control. Elango et al. (2009) observed degradation of

MSW by thermophilic composting with 78% volume

reduction of raw MSW in 40 days. The resulting com-

post provided good humus to build up soil characteristics

and some basic plant nutrient.

Fig. 1 Determination of

antagonism among the bacterial

strains within the proposed

consortia. Antagonism assay for

combination 1 (a), combination

2 (b), and combinations 3 and 4

(c)

328 Int J Recycl Org Waste Agricult (2017) 6:321–334

123



Density and volume are inversely related and a rapid

decrease in volume indicates increasing density. As

expected, the density of 5 kg waste increased in consortium

2, as it exhibited 85% decrease in volume of waste.

Increase in density is important during composting, as it

indicates particle size decrease due to waste degradation.

Compost supplemented with consortium 2 showed signif-

icant density increase in comparison to consortium 1 and

the control (Fig. 3b). Tom et al. (2016) reported a 50%

density enhancement of bio-treated MSW resulting in

compaction of the compost.

Mass reduction is a primary objective of waste treatment

processes. Organic matter is utilized by degrading organ-

isms and incorporated into cells and is also released as gas

which causes a reduction in waste mass (Tom et al. 2016).

Significant reduction in mass was observed for waste

supplemented with consortium 2 in comparison to other

composts, indicating better degradation amounting in

reduction up to 70% of the initial mass (Fig. 3c). Higgins

et al. (2006) also reported similar mass reduction of 70%

during composting of municipal solid waste and empha-

sized the eligibility of the compost to be used as a fertilizer

in soil for plant growth.

Determination of moisture content in waste

Water is a critical factor during composting. Compost

moisture content above 80% leads to decrease of oxygen

diffusion, resulting in the composting process to slow down

and become anaerobic. A moisture content of 40–60%

should be maintained during the composting process for

proper microbial process. The moisture content reduction

was uniform for the first 7 days for both test consortia and

control composts, indicating moisture reduction due to

drying and evaporation (Fig. 3d). 40% moisture content

was found after 28 days of degradation study in consortium

2, whereas the moisture content was 45 and 65% in case of

consortium 1 and control, respectively. Increase in mois-

ture reduction in consortium 2 was more due to tempera-

ture rise, resulting from increased microbial degradation

activities. Gautam et al. (2010) performed composting of

MSW of Jabalpur City and observed a final moisture

content of 36% in the final compost. This moisture content

of compost is within the quality parameters set by inter-

national standards.

Change in temperature

Temperature changes of the three levels of the waste were

observed after every 7 days interval. The temperature of

the compost pile rose quickly and reached a peak at day 14

(Table 6), for all the test and control composts. Compost

supplemented with consortium 2 attained the highest tem-

perature among the test composts at all the three levels, and

the highest temperature was observed in the centre layer

(48 �C). Rise of temperature is associated with vigorous

microbial activity and rapid organic matter degradation.

Increase in temperature leads to degradation of waste by

thermophilic organisms that supplement mesophilic

degradation (Tom et al. 2016).

Temperature increase leads to reduction in pathogenic

organism population, though turning of the compost pile at

regular interval was employed to prevent increase of tem-

perature to such extents that would kill the degrading

organisms and stop the degradation process. This result

supports the mass and volume reduction results, where

consortium 2 demonstrated higher reduction in mass and

volume than compost supplemented with consortium 1.

Singh and Sharma (2003) observed the highest temperature

(58 �C) at the bottom of the compost pile with maximum

temperature increase from the 14th to the 21st day.

Table 5 Antagonism assay for the proposed microbial combination

Combination 1

Organisms W1C W1I W1E W1K

W1C X – – –

W1I – X – –

W1E – – X –

W1K – – – X

Combination 2

Organisms W1R W1T W1V W1K

W1R X – – –

W1T – X – –

W1V – – X –

W1K – – – X

Combination 3

Organisms W1V W1K W1B W1W

W1V X – – –

W1K – X – –

W1B – – X –

W1W – – ? X

Combination 4

Organisms W1B W1E W1K W1Q

W1B X – – ?

W1E – X – –

W1K – – X –

W1Q – ? ? X

X identical organism, - no antagonism, ? antagonism present
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Changes in colour and odour of the wastes

Wastes inoculated with consortia and control varied in

colour, texture and other characteristics after 28 days.

Waste inoculated with consortium 2 was dark (Fig. 4), had

a grainy texture and had very low smell (Visilind and

Spinosa 2001). It lacked the presence of crustaceans.

Consortium 1-inoculated waste had a slight slimy texture

and the presence of a small population of crustaceans,

whereas the control had a sharp rotten stench. This might

be a result of domination of anaerobic bacteria in the

control waste which produce hydrogen sulphide and other

sources of offensive odour such as cadaverine, in addition

to organic acids and amines (Higgins et al. 2006).

In addition to the smell, the control consortium was

teeming with small crustaceans including millipedes which

are essentially harmless to the composting process; instead

crustaceans break down the organic waste to help in further

degradation (Shamaini and Fauzia 2014). But the presence

of these organisms indicate that the temperature of the

compost is not high enough as required for the degradation

of the waste by thermophilic micro-organisms and thus the

process of degradation of the control compost was slower

than composts inoculated with the consortium.

Fig. 2 Concomitant enzyme

production by consortium 1

(black bar) and consortium 2

(grey bar) amylase activity (a),

cellulase activity (b), protease

activity (c), pectinase activity

(d) and lipase activity (e)
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Scaling up of the degradation study using the best

consortium

Among the two consortia used for laboratory trials with

5 kg waste, consortium 2 showed better degradation

capabilities and thus was selected for further scaling up of

the degradation study using 30 kg organic waste. Degra-

dation and compost maturation with 30 kg waste were

tested on the basis of the same parameters that were

checked during 5 kg of laboratory trials for 30 days at an

interval of 7 days. Reduction of volume in 30 kg waste

inoculated with consortium 2 followed a similar pattern, as

was observed during 5 kg trials. During the 30 days trial,

the volume of the inoculated waste was decreased by 82%

which was similar to 85% volume reduction of 5 kg waste

(Fig. 5a).

A maximum density value of 0.85 g/cm3was observed

for the 30 kg waste, which was in accordance to the density

value 0.90 g/cm3 observed for 5 kg wastes inoculated with

consortium 2 (Fig. 5b). The mass reduction observed for

30 kg waste was 65%, which correlated with 68.75% mass

reduction observed for 5 kg waste. This difference is

insignificant and indicative of the ability of consortium 2 to

sustain its waste degradative capability of larger quantity of

wastes (Fig. 5c). The final moisture content of 30 kg waste

was 42% as compared to 40% observed during 5 kg trials.

The maximum reduction in moisture content for 30 kg

waste was observed during the 28th day as compared to
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Fig. 3 Determination of

various parameters of 5 kg

organic waste degradation

laboratory trials (consortium 1,

consortium 2, control).

a Volume reduction, b waste

density, c mass reduction and

d moisture content reduction

Table 6 Determination of temperature changes in the 5 kg compost

Day Level Temperature (�C)

Control Con 1 Con 2

1 Surface 31 31 31

Centre 37 39 37

Bottom 36 36 35

7 Surface 34 37 35

Centre 40 45 44

Bottom 38 41 40

14 Surface 38 41 43

Centre 40 46 48

Bottom 39 41 43

21 Surface 37 39 42

Centre 40 42 45

Bottom 38 39 42

28 Surface 35 38 40

Centre 39 40 43

Bottom 37 38 42

Fig. 4 Determination of colour and texture changes in 5 kg waste

after 28 days of degradation study
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maximum moisture reduction of 5 kg waste during the first

2 weeks (Fig. 5d).

Increase in temperature of the 30 kg waste was higher

than the temperature rise for 5 kg wastes. A maximum

value of 54 �C was observed in 30 kg waste, while a

maximum temperature of 45 �C was observed in 5 kg

waste at the 21st day (Table 7).

The colour and odour of the 30 kg waste after 30 days

were similar to the results obtained for the 5 kg waste. The

waste had developed a dark colour, had a grainy texture

and lacked crustacean population in comparison to the

control waste; it also lacked the foul smell observed in

control waste (Fig. 6).

Chemical analysis of the compost

The waste inoculated with consortium 2 was subjected to

further compost analysis after the successful degradation of

30 kg wastes. This included tests for the quantitative

analysis of the factors: pH, electrical conductivity (E.C),

organic matter, C:N ratio, phosphorus, potassium, sulphur.

The results of compost analysis are tabulated in Table 8.
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Fig. 5 Comparison of various

parameters of 5 and 30 kg

organic waste degradation by

consortium 2. a Volume

reduction, b waste density,

c mass reduction and d moisture

content reduction

Table 7 Comparison of temperature difference in the 5 kg and 30 kg

waste

Day Level Temperature (�C)

Control 5 kg 30 kg

1 Surface 35 31 35

Centre 38 37 39

Bottom 36 35 35

7 Surface 40 35 42

Centre 43 44 45

Bottom 39 40 43

14 Surface 42 43 46

Centre 44 48 49

Bottom 33 43 47

21 Surface 44 42 51

Centre 48 45 54

Bottom 45 42 50

28 Surface 40 40 49

Centre 44 43 56

Bottom 43 42 50

Fig. 6 Determination of colour and texture changes in 30 kg waste

after 30 days of degradation study
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The pH of the control compost (5.91) was lower than

that of the test compost (6.71), indicating the dominance of

anaerobic organisms instead of thermophilic degraders in

the control. This resulted in slow and less degradation of

waste in the control compost compared to the test.

Reports also suggest that production of organic acids

and other anaerobic degradation products lead to the gen-

eration of foul odour and a decrease in pH (Tejada and

Gonzalez 2007). The pH of the test compost was 6.7, an

ideal property of the compost to be used to increase soil

fertility.

Compost EC typically ranges from values between 1 and

10 m mho/cm (Tambone et al. 2013). The EC of the test

compost was 2.11 m mhos/cm. Reports suggested that the

application of E. eugeniae increased the EC value and

permitted a significant increase in salts such as Ca

(42.3–91.6%), K (93.8–235%), Mg (25.4–84.6%) and P

(37.1–129%) due to degradation of organic matter, which

is important in delivering essential minerals to the plant

(Lim et al. 2011). Janakrinam and Sridevi (2010) reported

an increase of EC content from 7.39 to 10.77 m mho/cm

during MSW composting.

The organic matter content of the test compost was

18.06% lesser than that of the control compost (21.17%)

after 28 days. Organic matter content decreases with

composting as the degrading organisms utilize the organic

carbon for energy generation and biosynthesis. This

reduction of organic matter in the test compost explains the

reduction in volume and mass of the compost.

A C:N ratio of 30:1 before composting is considered

desirable. Higher C:N ratio causes initial N immobilization

and very low C:N ratio causes overabundance of N,

resulting in accumulation of ammonia. The C:N ratio

decreases during composting, as organic carbon is con-

verted to CO2 by degraders and lost in its gaseous phase,

whereas the nitrogen is converted to other forms by

organisms. The C:N ratio of the test compost was reported

to be 22:1, suggesting it to be effective for the enhance-

ment of soil fertility. Jeyapriya and Saseetharan (2007)

reported a reduction in the C:N ratio of MSW from 30:1 to

the final compost C:N ratio of 19:1. Jilani (2007) observed

a huge reduction in the C:N ratio from 40 to 26 during

MSW composting (64). A final C:N ratio of less than 26:1

is considered suitable for the compost for its applicability

to increase the fertility of soil.

There was a slight increase in the percentage of

###phosphorus, potassium and sulphur in the test compost

as compared to fresh waste. Phosphorus increased from

0.32 to 0.50%, potassium increased from 0.39 to 0.55% and

sulphur increased from 0.02 to 0.10%. Similar results were

obtained by Janakrinam and Sridevi (2010), where phos-

phorus increased from 0.29 to 0.40% and potassium

increased from 1.61 to 1.78%.

Conclusion

We can conclude from the study that among the two con-

sortia prepared for organic waste degradation, consortium 2

had the highest degrading capability and the compost

produced after 30 days of degradation had a dark colour

and lacked foul smell. Consortium 2 was consistent in

degrading a greater quantity of waste (30 kg) and can be

employed for composting a large quantity of wastes in

future. Compost analysis of 30 kg wastes inoculated with

consortium 2 showed C:N of 22:1 and increased percentage

of K, P and S which are required for enhancement of soil

fertility. Therefore, we can conclude from this study that

consortium 2 can serve as a biological tool for removal of

organic solid wastes from the environment and the compost

generated from the degradation can be applied to increase

the fertility of the soil.
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