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ABSTRACT
Solid waste of each municipal corporation is diversified in nature and highly dependent on the type of
area from where it has been collected. There are many options for handling and disposing off these
wastes. Composting is a natural biological process in which degradable part of waste is transformed
into a stable material with excellent characteristics for application on soils. This makes the recycling of
organic waste as soil amendments, a useful alternative to incineration, landfill or rubbish dumps. For
sustainable development of potent fungal strains, they require critical adaptation by acclimatization
process through semicontinuously maintained shake flask technique. During the experiment, the
fungal strains were exposed to periodic simultaneous acceleration in quantitative content of individual
selected nutrient as a substrate. The acclimatization program was conducted for the development of
potent fungal strains which were characterized for ecofriendly, sustainable and efficient composting
process.

INTRODUCTION
Environmental contamination has the potential to be a major threat to the survival of living organisms. The misuse of
chemical fertilizers and pesticides can contribute to the deterioration of the environment (Kaosol 2009). In recent decades, the threat due to pollution has become a matter of
serious concern. In the developed world, incessant generation of massive quantities of MSW has brought the sanitary
landfills and other MSW handling facilities to the limits of
their capacities. MSW also poses great risk to soil, water,
and human health. A major chunk, often more than half by
weight, of this MSW is made up of compostable materials
(CPCB 2006). Solid waste characteristics reveal that, in India the organic fraction of the waste makes up 40-60%, depending on income and lifestyle of the population (NSWAI
2003).
In nature, organic substances are found either as simple
carbon and/or nitrogen molecules or found as complex polymers of these simple molecules. These substances may be of
plant, animal or microbial origin. Simple organic molecules
are utilized by the living organisms and get converted into
cellular materials and finally enter into the mineral cycling.
Substances such as starch, celluloses, proteins, fats and oils,
pectin, lignin, etc., are the major complex organic substances, and many of these are quite resistant to enzyme
attack. However, certain microorganisms produce specific
enzymes that can hydrolyze such complex molecules into

simple substances. In ecological terms, such hydrolysis of
complex substances can be termed as biodegradation or
biodeterioration (Choudhary & Jain 2012).
Cellulose is the most common, abundant, renewable biopolymer on earth and domestic waste materials from agriculture representing about 1.5 × 1012 tons of the total annual
biomass production through photosynthesis (Klemm et al.
2002, Bhat 2000). Over the years, a number of organisms, in
particular fungi, possessing cellulose-degrading enzymes
have been isolated and studied extensively (Bhat & Bhat
1997). Cellulolytic enzymes play an important role in natural biodegradation processes in which plant lignocellulosic
materials are efficiently degraded by cellulolytic fungi, bacteria, actinomycetes and protozoa. Fungi and bacteria are
the main natural agents of cellulose degradation (Lederberg
1992). The cellulose utilizing population includes aerobic
and anaerobic mesophilic bacteria, filamentous fungi, thermophilic and alkaliphilic bacteria, actinomycetes and certain protozoa. However, fungi are well known agents of decomposition of organic matter, in general, and of cellulosic
substrate in particular (Lynd et al. 2002). Cellulose is the
major component of plant biomass. Plants produce 4×109
tons of cellulose annually.
Cellulose is an unbranched glucose polymer composed
of an -1,4 glucose units linked by a -1, 4-D-glycosidic
bond. Researchers keep on working to isolate microorganisms with higher cellulase activity. Cellulose is the struc-
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tural component of the primary cell wall of green plants,
many forms of algae and the oomycetes. Some species of
bacteria secrete it to form biofilms. Cellulolysis is the process of breaking down cellulose into smaller polysaccharides
called cellodextrins or completely into glucose units, this
is a hydrolysis reaction. Biotechnology of cellulases and
hemicellulases began in early 1980s, first in animal feed
followed by food applications (Chesson 1987, Thomke et
al. 1980, Voragen et al. 1980, 1986).
Starch is a polysaccharide, used widely in food industries for syrup production. Bioethanol can be obtained by
the fermentation of sugar. Starch, which is inexpensive is
insoluble in water and resistant to enzymes and chemicals
due to inter and intramolecular bonds as well as the densely
packing of molecules in a polycrystalline state. Amylases is
a class of enzymes, capable of digesting glycosidic linkages. Enzymes like amylases, endoamylases and
exoamylases are capable of hydrolysing starch. These enzymes are classified based on the attack of different types of
glycosidic bond, found in the numerous glycoside hydrolase (GH) families (Henrissat 1991, Coutinho & Henrissat
1999). Endoamylases cleave , 1-4 glycosidic bonds present
in the inner part of amylose or amylopectin chain. -amylase is a well-known endoamylase, found in a wide variety
of microorganisms (Pandey et al. 2000). The end products
of -amylase action are oligosaccharides having -configuration and -limit dextrins, constituting branched
oligosaccharides of varying length. Based on the degree of
hydrolysis of the substrate, -amylases are divided into two
categories, saccharifying -amylases and liquefying amylases.
Starch is a glucose polymer linked by a glycosidic bond,
stable at higher pH but hydrolyses at lower pH. A latent
aldehyde group is present at the end of polymeric chain
known as the reducing end. Starch contains two types of
glucose polymers: (i) amylose and (ii) amylopectin. Amylose and starch granules are insoluble in cold water, but
amylopectin is soluble in water. Amylose is a linear polymer consisting of 6,000 glucose units which are linked by
, 1-4 glycosidic bonds. The degree of polymerization (DP)
is indicated by the number of glucose residues. Different
sources of starch vary in the relative content of amylose and
amylopectin (Van der Maarel et al. 2002).
Pectin or other pectic substances are heterogeneous
group of high molecular weight polysaccharides with
galacturonic acid residues linked by (1-4) linkages (Kashyap
et al. 2001). Pectins constituting middle lamella are found
between the primary cell walls of adjacent young plant cells
(Hoondal et al. 2002). There are four main types of pectic
substances protopectin, pectic acid, pectinic acid and pecVol. 16, No. 3, 2017

tin. Pectins are the soluble polymeric materials containing
pectinic acids as the major component. They can form insoluble protopectin with other structural polysaccharides
and proteins located in the cell wall. There are basically
three types of pectic enzymes: de-esterifying enzymes
(pectinesterases), depolymerizing enzymes (hydrolases and
lyases) and protopectinases. They can be further classified
as: endo-liquefying or depolymerizing enzymes or exo-saccharifying enzymes (Kashyap et al. 2001). Pectic enzymes
contribute to the degradation of pectin by various mechanisms. Elimination of pectic substances is an essential step
in many food processing and wine industries. These enzymes are mainly synthesized by plants and microorganisms (Naidu & Panda 1998). Fungi synthesize polygalacturonases, polymethyl galacturonases, pectin lyases and
pectin esterases.
Pectinases are produced during the natural ripening process of some fruit and act in combination with cellulase. A
large number of microbial strains have been studied for the
production of pectinase (Silva et al. 2005). The main sources
for the pectinolytic complex enzymes are yeast, bacteria
and a large number of filamentous fungi of which the most
relevant ones are Aspergillus sp. The pectinase production
in yeast has received less attention due to less yield obtained in comparison to bacteria (Antier et al. 1993). A range
of bacterial and fungal strains produce a variety of
pectinolytic enzymes (Patil & Chaudhari 2010, Poonpairoj
et al. 2001).
Tannase or tannin acyl hydrolase catalyzes the hydrolysis of the ester bonds present in the hydrolysable tannins
and gallic acid esters. This enzyme is known to display two
different activities. The first one is an esterase activity, by
which it can hydrolyze ester bonds of gallic acid esters with
glucose (galloyl-glucose) or alcohols (e.g. methyl gallate).
The second activity is called depsidase activity; by which
it can hydrolyze depside bonds of digallic acid (Haslam &
Stangroom 1996, Saxena & Saxena 2004, Sharma et al. 2000).
Fungi are the most studied microorganisms for tannase production. Fungi have the ability to degrade tannins as a sole
carbon source (Aguilar & Gutierrez-Sanchez 2001). The
common genus used for tannase production, either for research purposes or industrial production, was Aspergillus
and the common Aspergillus species used for tannase production was Aspergillus niger. Tannase-producing fungi
were isolated from soils and tannery effluent (Enemuor &
Odibo 2009, Yadav et al. 2008).
Enzymes are proteins that catalyse biochemical reactions (Banik & Prakash 2006). Protease breaks down peptide bonds to produce amino acids and other smaller peptides
(Yandri et al. 2008). Although proteases producing micro-
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organisms, plants and animals have cosmopolitan distribution in nature, microbial community is preferred over the
others for the large scale production of proteases due to
their fast growth and simplicity of life for the generation of
new recombinant enzymes with desired properties.
Gelatin is a protein derived from the connective tissues
of vertebrates, that is, collagen (Leboffe & Pierce 2010). It is
produced when collagen is boiled in water (Harley 2005).
Gelatin hydrolysis detects the presence of gelatinases.
Gelatinases are proteases secreted extracellularly by some
bacteria which hydrolyze or digest gelatin. This process
takes place in two sequential reactions. In the first reaction,
gelatinases degrade gelatin to polypeptides. Then, the
polypeptides are further converted into amino acids (Leboffe
& Pierce 2010). The bacterial cells can then take up these
amino acids and use them in their metabolic processes.
Lipids are high molecular weight compounds possessing large amounts of stored energy. The two common lipids
catabolised by bacteria are the triglycerides (triacylglycerols) and phospholipids. Triglycerides are hydrolysed
by the enzymes called lipases into glycerol and free fatty
acid molecules.
Lipase enzymes catalyse the hydrolysis of insoluble
triacylglycerols to generate free fatty acids, diacylglycerols,
monoacylglycerols and glycerol. The enzymes may catalyse not only the hydrolysis, but also the synthesis of various long carbon chain acyl glycerol molecules. Since lipase enzymes are able to substitute and translocate ester
linkages, trans esterification reactions can also be conducted
under certain conditions. Furthermore, certain lipases may
catalyse a range of regioenantio and stereoselective transformations as well (Sharma et al. 2011). Due to these excellent catalytic properties, lipases find promising applications
in a wide range of biotechnological and industrial processes including flavour enhancement in food processing,
biodiesel production and pharmaceutical processing (Jaeger
& Eggert 2002). Lipases can also be used to accelerate the
degradation of fatty waste and polyurethane (Masse et al.
2001, Takamoto et al. 2001).
Lipases are produced by various organisms including
plants, animals and microorganisms such as bacteria and
fungi. Most of the current commercial enzymes are derived
from microbial sources due to high productivity, genetic
modifiability as well as decreased prime costs (Treichel et
al. 2010).
Filamentous fungi are known to be good lipase producers and numerous fungal enzymes are utilised in various
food industrial processes (Aravindan et al. 2007). Since
lipases produced by filamentous fungi are mainly extracellular, extraction and purification of them are relatively easy.
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This reason may also contribute to the fact that fungal lipases
belong to the most important groups of commercial enzymes. Large number of factors determine the lipase production of filamentous fungi in a culture medium; often the
presence of an inducer (mostly oil) and the appropriate physiological parameters such as pH, temperature and oxygen
levels are the most important factors (Treichel et al. 2010).
Acclimatization: Physiological, biochemical, or anatomical modifications occurring within the lifetime of an individual organism that result from exposure to a naturally
occurring environmental challenge (phenotypic change).
Acclimatization is the process in which an individual organism adjusts to a gradual change in its environment allowing it to maintain performance across a range of environmental conditions. Acclimatization occurs in a short
period of time (weeks to months) and within the organism’s
life time. This may be discrete occurrence or may instead
represent part of a periodic cycle. Organisms can adjust their
morphological behaviour, physical and/or biochemical traits
in response to change in their environment. The capacity of
organisms to acclimatize to novel environments has been
well documented in thousands of species, researchers still
know very little about how and why organisms acclimatize
the way they do (Baagwala et al. 2015).
The aim and objective of this study was to select potent
fungal strains showing highest zone of utilization in their
respective reaction, which were further characterized for
ecofriendly, sustainable and efficient composting process.
MATERIALS AND METHODS
For sustainable and economical production, fungal strains
were screened and developed. The screening programme
was designed for acclimatization process through
semicontinuously maintained shake flask technique to acclimatize potent strain for potential, sustainable and
ecofriendly composting process.
Working Conidial Suspension
The provided fungal cultures were heavily inoculated on
agar slant with selected individual nutrient substrate into
250 mL conical flask, after incubation of 4 to 5 days, the
developed fungal conidia were harvested into 0.2% Tween
80, in 150 mL conical flask and used for the acclimatization.
Acclimatization Procedure
5.0 mL of working conidial suspension was aseptically inoculated into 50 mL of acclimatization broth individually
in 150 mL conical flask. The inoculated flasks were incubated at 32-35°C at 150 rpm for 4 to 5 days and analysed for
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acceleration of utilization zone formation on solid agar plate
which was carried out by using point inoculation method.
The colonies exhibiting largest hydrolysing zone were selected for reinoculation to subsequent acclimatization transfer under semicontinuously maintained shake flask technique. The acclimatization process for the development of
potent variant which is capable to grow under the presence
of required minerals and 0.1% to 1.0% of each selected nutrient as a substrate, for stabilization at 32-35°C at 150 rpm
on orbit environment flask shaker within 4 to 5 days and
were analysed for acceleration of utilization zone formation on solid agar plate enriched with selected nutrient as a
substrate using point inoculation method.
Plate Assay
Plate assay of cellulose: After incubation, the Petri plates
were flooded with 0.1% of congo red staining solution for 5
min. The congo red staining solution was then discarded, 1
M NaCl solution was added to the plates and was allowed to
stand for 15-20 minutes. Finally 1 M NaCl solution was
also discarded and the staining of the plates was analysed
by noticing the formation of clear or yellowish zones around
the colonies (Gautam et al. 2012) (Table 1, Fig. 1).
Plate assay of starch: After incubation, the plates were
flooded with iodine solution. Starch reacted with iodine to
form a dark blue starch iodine complex that covered the
entire agar plate medium. When the starch was broken down

into sugars, there were clear zones surrounding the colonies
which indicated starch hydrolysis (Alfred 2007) (Table 2,
Fig. 2).
Plate assay of pectin: After incubation, pectin utilization
was detected by flooding the culture plates with freshly
prepared iodine-potassium iodide solution (iodine - 1.0 g,
potassium iodide - 5.0 g in 330 mL distilled water) (Hankin
et al. 1971). Plates were then left undisturbed for 5-10 minutes. This solution gives colour to the medium containing
pectin resulting in a translucent halo region where pectin is
degraded, which indicated the pectinolytic activity (Table
3, Fig. 3).
Plate assay of tannic acid: After incubation, the clear zones
formed due to hydrolysis of tannic acid around the colonies
were measured (Aboubakr et al. 2013) (Table 4, Fig. 4).
Plate assay of protein (gelatin): The zone of gelatinolysis
was seen clearly upon flooding the plate with aqueous saturated solution of mercuric chloride reagent (15 g HgCl2 dissolved completely in 20 mL concentrated HCl, then raised
to 100 mL with sterile distilled water). Mercuric chloride
solution reacted with gelatin to produce a white precipitate
which made the clearing zone visible. The clearing zone
was measured indicative of the extracellular protease activity of the fungal strain (Table 5, Fig. 5).
Gelatin liquefaction test: Gelatin media was prepared, sterilized and stabs were prepared. Inoculation of fungal iso-

Fig. 1: Acclimatized zones of cellulose.

Fig. 2: Acclimatized zones of starch.
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Fig. 3: Acclimatized zones of pectin.

Fig. 4: Acclimatized zones of tannic acid.

Fig. 5: Acclimatized zones of protein.

lates was performed in a vertical manner and incubated. The
tubes were taken out and kept in freezer for 30 min and
observed for solidification (Roshni et al. 2016) (Fig. 6).
Plate assay of lipid (tributyrin): After incubation, the level
of lipase production was evaluated by measuring the clear
zones that were formed around the colonies in consequence
of the hydrolysis of tributyrin (Kotogán et al. 2014). Lipase
allows the organisms that produce it, to break down lipids
into smaller fragments. Triglycerides are composed of glycerol and three fatty acids. These get broken apart and may

be converted into a variety of end-products that can be used
by the cell in energy production or other processes. When
an organism produces lipase and breaks down the lipids, a
clear halo surrounds the areas where the lipase-producing
organism has grown (Table 6, Fig. 7).
RESULTS, DISCUSSION AND CONCLUSIONS
In the present study, we have studied fungal strains mainly
Aspergillus. The results are summarized in the tables and
figures. It shows that through the acclimatization process,
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Table 5: Utilization zone in mm for protein (gelatin) with mercuric
chloride reaction.
Strain Code

KA- Pro 1
KA- Pro 2
KA- Pro 3

(-)
(+)

Gelatin Agar Medium
0.2%

0.4%

0.6%

0.8%

1.0%

19
26
35

20
26
39

20
28
40

20
28
40

25
31
43

Table 6: Utilization zone in mm for lipid (tributyrin).
Strain Code

KA-Lip 1
KA-Lip 2

Fig. 6: Photograph of liquefaction of gelatin.
Table 1: Utilization zone in mm for cellulose with congo red reaction.
Strain Code

KA-Cell
KA-Cell
KA-Cell
KA-Cell

1
2
3
4

Cellulose Agar Medium
0.2%

0.4%

0.6%

0.8%

1.0%

18
20
26
20

22
26
39
20

22
28
43
26

24
35
43
26

26
39
43
36

Table 2: Utilization zone in mm for starch with iodine reaction.
Strain Code

KA-Amy 1
KA-Amy 2
KA-Amy 3

Starch Agar Medium
0.2%

0.4%

0.6%

0.8%

1.0%

22
26
15

24
30
19

24
32
19

25
35
19

29
40
21

Table 3: Utilization zone in mm for pectin with iodine-KI reaction.
Strain Code

KA-Pec 1
KA-Pec 2

0.4%

0.6%

0.8%

1.0%

26
21

29
21

29
29

35
29

38
29

the zone sizes increased with the increase in substrate concentration. This acclimatization or adaptation of a microbial community to increase the substrate gradient may be
due to the following mechanisms: (i) mutation or genetic
exchanges, (ii) selective enrichment of a minor population
capable of utilizing more substrate and (iii) enzyme regulation (Linkfield et al. 1989).
Screening program developed through acclimatization
proved significant to acclimatize the fungal strains. Highly
potent fungal strains were selected from each substrate as it
showed the highest zone of utilization in their respective
reaction. The strains with highest zone of utilization could
be further used for the preparation of microbial consortium/
biomineralizer which were characterized for potential, sustainable, ecofriendly, composting process.
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Pectin Agar Medium
0.2%

0.4%

0.6%

0.8%

1.0%

20
25

29
28

29
29

30
32

35
40

Table 4: Utilization zone in mm for tannic acid.
Strain Code

KA-Tan 1
KA-Tan 2

Tributyrin Agar Medium
0.2%

Tannic Acid Agar Medium
0.2%

0.4%

0.6%

0.8%

1.0%

32
26

35
30

35
31

35
31

39
36
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