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SUMMARY 

Termites cause great losses to wood and house hold wooden installments. In 

Pakistan Heterotermes and Coptotermes species are of great economic importance. 

Synthetic chemical pesticides have been used to control termites with negative impacts of 

human health risks, disturbed ecological balance and development of resistance in 

termites to the applied chemicals. Microbial control agents can be effective and may 

serve safer alternative of chemical insecticide because of their harmless nature for non-

target organisms. Besides many other biological control strategies, chitinases derived 

from different sources are of great interest as potential biological control agents. Termites 

contain chitin in their cuticle, it also strengthens the peritrophic matrices lining the gut 

epithelium and trachea. Termites’ gut chitin components are suggestive to design the 

‘control strategy’ involving damage/hydrolysis of the polymer. Following chitin 

degradation, gut of termites may follow destruction to the level that the insects may not 

remain capable of indispensable digestion and absorption processes. Bacterial chitinases 

have been attempted for depolymerizing the termites’ gut chitin in order to render the 

chitin-supported structures of gut dysfunctional. The present study is, thus, carried out to 

isolate and characterize thermoduric/ thermophilic chitinolytic bacteria from local 

habitats and to demonstrate their termite controlling potential. For this purpose edible 

crabs’ shells were chosen for extraction of chitin. They were demineralized and 

deproteinized and 13.8% (dry weight) chitin was obtained. FTIR and XRD analyses of 

the experimental crude as well as purified chitins revealed that both were much 

comparable to the commercially purchased controls. The colloidal chitin was used for 

isolation of chitinolytic bacteria. For preparation of colloidal chitin, crude chitin was 

processed with concentrated hydrochloric acid and 50% ethanol. From 5g crude chitin 54 

g of colloidal chitin was obtained which was stored in dark bottle at 4°C, till further use. 

 Eighty five chitinolytic bacterial strains were isolated from different soils, hot 

water, mud and dead termites. Thirty five isolates (41.17%) exhibited zones of clearance 

(digestion) following their growth on colloidal chitin agar medium at pH 7. These strains 

were then cultivated in chitin containing broth. On the basis of their chitinolytic and 
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thermostability potentials, twelve thermostable and three thermophilic bacterial strains 

were selected for further study. 

The select bacterial isolates were primarily characterized on the basis of their 

colony morphology and different biochemical potentials including sugar utilization 

pattern. For the taxonomic confirmation and the species level identification 16S rDNA 

sequencing was performed. Nine (60 %) of the short listed isolates belonged to the genus 

Bacillus, two (13%) to Micrococcus, one (6%) to Stenotrophomonas and the three (20%) 

thermophilic represented the genus Anoxybacillus. 

 Cultivation conditions of initial pH, incubation temperature and nitrogen sources 

were optimized for maximum yield of chitinases. Highest yields of cell growth as well as 

chitinases for B. cereus JF1 (449.98 U/ml), B. cereus JF9 (429.45 U/ml), B. cereus JF16, 

(495.74 U/ml), B. licheniformis JF62 (382.61 U/ml), S. maltophilia JF66 (390.54 U/ml), 

A. beppuensis JF82 (349.98U/ml), A. rupiensis JF85 (341.37U/ml) were obtained at 

initial pH 6 whereas the bacteria B. cereus JF14, B. cereus JF20, B. licheniformis JF38 

and B. cereus JF70 showed maximum chitinase activities (398.10, 453.94, 492.85 and 

552.66 U/ml, respectively) at pH 5. The bacteria Micrococcus sp. JF59 and Micrococcus 

sp. JF 81 exhibited maximum enzyme activity (433.77 and 435.57 U/ml, respectively) at 

pH 8 while B. cereus JF68 (659.3 U/ml) and A. rupiensis JF83 (389.32 U/ml)  at pH 7. 

Maximum enzyme yields of 641.65, 612.10, 462.23, 512.31, 558.42, 548.7 and 525.99 

U/ml were obtained when the bacteria B. cereus JF1, B. licheniformis JF38, Micrococcus 

sp. JF59, S. maltophilia JF66, B. cereus JF68, B. cereus JF70 and Micrococcus sp. JF81, 

respectively were incubated at 35°C. Other isolates i.e. B. cereus JF9, B. cereus JF14 and 

B. cereus JF20 exhibited maximum chitinases at 40oC while the bacterium B. 

licheniformis JF62 showed maximum chitinase activity at 45°C. In case of thermophiles, 

A. beppuensis JF82 and A. rupiensis JF85 exhibited their highest growth at 55°C, while 

A. rupiensis JF83 at 60ºC. 

The bacteria B. cereus JF1, B. cereus JF16 and B. licheniformis JF38 showed 

maximum chitinolytic activities up to 608.86, 631.92 and 775.31U/ml, respectively when 

trypton was employed as nitrogen source. Yeast extract proved to be one of the best 

nitrogen source for the bacteria B. cereus JF9, B. cereus JF14, B. licheniformis JF62, B. 

cereus JF70, A. beppuensis JF82 and A. rupiensis JF83. Urea was required by the isolate 



  iii

Micrococcus sp. JF59, while the bacteria B. cereus JF20, Micrococcus sp. JF81 and S. 

maltophilia JF66 showed maximum activity when provided with inorganic nitrogen 

sources of ammonium nitrate, ammonium nitrate and diammonium hydrogen phosphate, 

respectively. Peptone was found to be the best nitrogen source for B. cereus JF20 and A. 

rupiensis JF85.   

 Under the corresponding optima, the B. cereus JF1, B. cereus JF9, B. cereus JF14, 

B. cereus JF16, B. cereus JF20, B. licheniformis JF38, Micrococcus sp. JF59, B. 

licheniformis JF62, S. maltophilia JF66, B. cereus JF68, B. cereus JF70, Micrococcus sp. 

JF81, A. beppuensis JF82, A. rupiensis JF83 and A. rupiensis JF85 bacteria yielded 

chitinase activity up to 675.53, 596.97, 907.17, 631.92, 612.83, 775.31, 677.31, 767.74, 

1757.41, 1033.26, 887.71, 619.31, 438.53, 403.37 and 421.52 U/ml, respectively. Buffer 

pH, incubation temperature, substrate concentration and incubation time were also 

optimized for the crude enzyme source i.e., cell free bacterial cultural fluids. For majority 

of the bacterial enzymes i.e., B. cereus JF1 (1003.36 U/ml), B. cereus JF14 (1553.49 

U/ml), B. cereus JF16 (1203.49 U/ml), B. licheniformis JF38 (2524.08 U/ml), 

Micrococcus sp.JF59 (1204.032 U/ml), B. licheniformis JF62 (2479.76 U/ml), S. 

maltophilia JF66 (1039.39 U/ml) and Micrococcus sp.JF81 (1189.62 U/ml) pH 5 was 

found optimum. While the enzymes of the bacteria B. cereus JF20 and B. cereus JF68 

showed maximum activity (832.59U/ml and 1193.95U/ml respectively) at pH 6. While 

the enzymes of the bacteria B. cereus JF9 and B. cereus JF70 expressed maximum 

chitinase activity at pH 7 and 9, respectively. 

Optimum temperature for the chitinases from the bacteria B. cereus JF16, B. 

cereus JF20, B. licheniformis JF38, B. licheniformis JF62 and Micrococcus sp.JF81 was 

found 50°C with activities of 2069.41, 1575.48, 2095.71, 2324.48 and 2044.19 U/ml, 

respectively. While the enzymes of the bacteria B. cereus JF1, B. cereus JF9, B. cereus 

JF14, Micrococcus sp.JF59, S. maltophilia JF66, B. cereus JF68 and B. cereus JF70 had 

45°C optimum temperature. The chitinases showed thermal stability up to 50°C. 

Optimum substrate concentration was 0.6% for the chitinases of bacteria B. cereus JF1, 

B. cereus JF16, B. cereus JF20, Micrococcus sp.JF59, S. maltophilia JF66 and B. cereus 

JF70 but 0.4 % for the isolates B. cereus JF9, B. cereus JF16, B. licheniformis JF38, B. 

licheniformis JF62 and B. cereus JF68. Chitinase from Micrococcus sp.JF81 performed 
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best at 0.8% substrate concentration. Supernatants of the bacteria cultured optimally were 

partially purified by employing ammonium sulphate precipitation and dialysis. The 

precipitation increased the chitinase activity at 50-60% and 60-70% saturation levels up 

to few folds ranging from 2.07 to 5.99 folds.  

The bacterial isolates were tested against each other for antagonism/co-culturing 

compatibility. The results showed that the bacteria Micrococcus sp. JF59, S. maltophilia 

JF66, B. cereus JF68, and Micrococcus sp. JF 81 can be co-cultured with any other of the 

fifteen isolates. In the present study sugarcane bagasse, whey and wheat straw are used 

for low cost cultivation of the select bacteria. Wheat straw was more supportive for 

growth as well as production of extracellular proteins than the other substrate 

combinations. Addition of FJ medium ingredients, except the chitin in these, did enhance 

growth and extracellular protein yields of all the isolates. Solid state fermentation of 10 

% sugarcane bagasse was resulted into maximum growth of the bacteria B. cereus JF1, B. 

licheniformis JF38, S. maltophilia JF66, A. beppuensis JF82, A. rupiensis JF83 and A. 

rupiensis JF85 in 282×106, 45×106, 136×106, 292×104, 292×104 and 265×104 C.F.U./ml 

respectively. However, chitinase production of the bacteria while growing in these 

agriwastes and termiticidal potential of different preparations, thereof, are yet to be 

determined.  

Taking into account the highest chitinolytic activity, thermoduric and thermophilc 

nature, the bacteria B. cereus JF1, B. licheniformis JF38, S. maltophilia JF66, 

Anoxybacillus sp. JF82, Anoxybacillus sp. JF83 and Anoxybacillus sp. JF84 were selected 

for termites bioassays experiments. Of the thermophiles Anoxybacillus sp. JF82, JF83 and 

JF85 were selected for the said activity. Different concentrations of the cultural fluids 

(supernatants) and the cultures of B. cereus JF1, B. licheniformis JF38, S. maltophilia 

JF66, Anoxybacillus sp. JF82, Anoxybacillus sp. JF83 and Anoxybacillus sp. JF85 were 

loaded on filter paper disk which were in turn attacked by two termite species. The 

bacterial cultural fluids 10X exhibited up to 63, 73, 77, 40, 57 and 63%  mortalities for 

the B. cereus JF1, B. licheniformis JF38, S. maltophilia JF66, A. beppuensis JF82, A. 

rupiensis JF83 and A. rupiensis JF85, respectively following up till 24 hrs of the 

exposures. The whole culture, however, did prove to be termiticidal. The 5X cultural 

fluids of B. cereus JF1 and A. rupiensis JF85 exhibited 63 and 53% mortalities of 
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Coptotermes heimi, while applications of the whole cultures resulted up to 60% mortality. 

Heterotermes indicola was controlled up to 70, 60, 77, 47, 73 and 70% and by 10X of 

cultural fluids of B. cereus JF1, B. licheniformis JF38, S. maltophilia JF66, A. beppuensis 

JF82, A. rupiensis JF83 and A. rupiensis JF85 respectively. Thus, concentrated enzyme 

and/or the bacterial cultures or their endospores possess termiticidal activities and their 

applications in select situation might prove valuable to control termite damage of house 

hold installments in an environmental healthy way. Further chitinase genes’ knowledge 

might be exploited through genetic engineering technology for production of more stable 

and of high termiticidal potential chitinases. Likewise there is much room for chitinolytic 

bacterial endospore preparations which can be activated quickly following their ingestion 

by termites and thus might yield the chitinase producing sporangia within the pest guts. 

Further work on these lines is likely to achieve target of controlling the pest especially for 

indoor wooden installments. 
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1. INTRODUCTION 

Humans have always needed to control harmful insects such as mosquitoes, bed 

bugs, crop pests and those competing with other resources and commodities such as 

termites. Synthetic chemical pesticides still represent the most widely used pest control 

method. However, their frequent rather indiscriminate use has generated not only 

disturbed ecological balance regarding pests and their natural enemies but development 

of resistance to pesticides in the pests and environmental persistence of the chemicals 

with their deteriorative potential are two other issues of great concerns. Since natural 

enemies of pests are killed when pesticides are applied unwisely, emergence of resistant 

populations of pests then invade and cause heavy damage to crops and other products 

(Neuenschwander et al., 2003; Zartlin et al., 2004; Dahiya et al., 2006; Gohel et al., 

2006; Pohanka, 2006; Thomas and Read, 2007; Kumar et al., 2008). Less than 0.1% of 

pesticides applied for pest control reach their target pests, the 99.9% move into the 

environment where they adversely affect public health and beneficial biota and 

contaminate soil, water, and atmosphere of ecosystems (Pimentel, 1995). The fatal triad 

of development of pesticide resistance in the pests, great damages to non-target (often 

beneficial) organisms and environmental deterioration including human health risks has 

taught the scientists to search for alternatives. One of such strategies is biological control 

which results in lowering of pest density to non harmful level (Gronvold et al., 1996; 

Culliney and Grace, 2000; Boisvert, 2005; Kumar et al., 2008; Lebeck et al., 2008).  

Termites cause great losses to wood, buildings and house hold wooden 

instalments (Chaudhary and Ahmad, 1972; Akhtar and Rashid, 2001). In addition 

sugarcane and wheat, the cash crops, are severely damaged by termites in Pakistan. For 

example Salihah et al. (1988) estimated that sugarcane losses by termites were in the 

range of 90 to 100% at germination stage. Subterranean termites are considered major 

problem, affecting sugarcane germination and quality. Five species of Odontotermes and 

two species of Microtermes have been reported from sugarcane field at Nowshehra and 

Charsaddah cities of Pakistan (Saliha et al., 2012).  Likewise, Akhtar and Shahid (1990) 

reported that cumulative damage for sugarcane crop was upto 34.80% and that the 

damage increased with height of plant. Sattar and Salihah (2001) described that 
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subterranean termites caused 43% damage to maize, 8 to 12% to wheat and 100% to fruit 

orchids in different areas of Pakistan.  

In Pakistan Heterotermes and Coptotermes are of great economic importance. 

Both genera belong to Rhinotermitidae family that live in soil, make shelter tubes of soil 

with their saliva, faecal material and feed on wood as well as vital parts of the plants 

(Macedo, 1995; Jenkins et al., 2002). The two genera have greatest economic impact on 

urban areas too (Su and Scheffrahn, 1990; Tho, 1992; Sornnuwat et al., 1996a,b; Lee, 

2002; KlangKaew et al., 2002; Kirton, 2005; Baker and Bellasny, 2006). In Pakistan 

wood is attacked by two termite species, Heterotermes indicola and Coptotermes heimi. 

H. indicola is found throughout the range in Pakistan (Saliha et al., 2012). Heterotermes 

feed on wood in contact with soil (Nickle and Collins, 1992). The voracious subterranean 

termite is Coptotermes heimi, less frequent than H. indicula, hollows out the tree trunks 

and branches (Saliha et al., 2012).  

Biological control has been decidedly marginal component of modern production 

only a few decades ago. It is generally recognized that biological control agents are safer 

and more environmentally sound than reliance in the use of high volumes of chemical 

pesticides (Herrara-Estrella and Chet, 1999; Eilenberg and Hokkamen, 2006; Kumar et 

al., 2008). Microbial control agents can be effective and serve safer alternatives of 

chemical insecticides because of their efficiency and harmless nature for non-target 

organisms (Lacey et al., 2001; Boisvert, 2005). 

There appear a great potential in bacterial chitinases, especially those from 

thermophilic bacteria as wood and crop preservatives against termite attack in an 

environmentally friendly way. Chitinases a group of enzymes capable of degrading chitin 

to low molecular weight products (Patil et al., 2000; Ogawa et al., 2002; Huang and 

Chen, 2004; Makino et al., 2006; Wang et al., 2006). Chitinases derived from various 

sources are of great interest as potential biological control agent (Kramer and 

Muthukrishnan, 1997; Melchers and Stiver, 2000; Gohel et al., 2004) and for degradation 

of chitin containing wastes (Carrod and Tom, 1978; Wang and Huang, 2001; Yong et al., 

2005; Dahiya et al., 2006). Chitinase producing bacteria have been perceived for their 

biological control potential regarding the fungal and insect pests who both synthesize and 
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deposit chitin in their protective structural components (Gooday, 1990; Kramer and 

Muthukrishnan, 1998; Lubeck et al., 2008; Zhu et al., 2008). Luckily chitin is neither a 

structural nor a functional component of humans or other vertebrates’ bodies. Thus 

bacteria producing chitinases have a great potential in controlling fungi and insects under 

select conditions (Merzendorfer and Zimoch, 2003; Zhu et al., 2008). Insects like other 

arthropods employ chitin mainly for polymerizing and strengthening their exoskeleton, 

however, they also incorporate the polysaccharide in other tissue/organs (Merzendorfer 

and Zimoch, 2003; Al-Sawalmih, 2007). It is known that not only the enteric valves of 

termites contain chitin but the material also strengthens the gut epithelial cells. Infact 

chitin acts as scaffold material supporting peritrophic matrices lining the gut epithelium 

in addition to compacting cuticles of epidermis and trachea (Merzendorfer and Zimoch, 

2003). The termites’ gut chitin components are suggestive to design control strategy 

involving damage/hydrolysis of the polymer. Following chitin degradation, gut of 

termites may follow destruction to the level that the insects may not remain capable of 

indispensable digestion and absorption processes (Wiwat et al., 2000; Shternshis et al., 

2002). Such applications may be required in situations where insecticides are used in 

close conjuction with human residence or work place. For example, termitcides are 

required to be incorporated in soil while constructing buildings, making chipboard as 

well as treating natural wood. In such situations the incorporated insecticides cause 

indoor pollution problems leading to emergence of mild and severe human health risks 

(Hayo and Welf, 1996; Silver and Riley, 2001). Thus application of bacterial chitinases 

for controlling the indoor termite damages might protect humans from continuous 

exposure of termiticidal chemicals from below the floor, wooden instalments and 

furniture.  

Chipboard is an artificially engineered wood product made from wood and other 

wastes. Typically saw dust and wood chips that are produced during the manufacture of 

other wood products are the raw materials used for manufacturing chipboard. During the 

process wood waste is reduced to uniform size and dried up to desired moisture. Resins 

and other additives are added to the different sized wood chips; the material is pressed at 

high temperature to the desired thickness and then cooled. Because of its wood origin, the 

chipboard made structures in homes and offices get frequently attacked by termites.  The 
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termites do so to obtain cellulosic food by destroying the structures. Consequently, 

insecticides and many other chemicals including antifungal are added in the chipboard 

before the formal processing to make the structures resistant from the pest attacks (Abb et 

al., 2010). Thus, it is not uncommon to experience pungent smell, which is irritating to 

eyes and respiration, in the chipboard storage and the newly furnished rooms/ offices in 

which various structures do harbour chipboard components. The indoor atmospheric 

pollution has been associated with the risk of respiratory ailments, skin diseases and 

allergic reactions (Hollowell et al., 1979).  

Owing to above cited human health risks associated with the use of chemical 

pesticides laden chipboards and the indispensable level of the artificially engineered 

wood in the already heavily deforested world, the need of biological control of termites 

and fungal species involved in deteriorating the indoor structures cannot be 

overemphasized. For this purpose inclusion of chitinase producing bacterial 

endospore/enzymes, capable of addressing termite attack, in chipboard at the time of its 

finishing was hypothesized. 

Taken into account the above narrated hypothesis, the present study was intended 

to isolate and characterize chitinase producing bacteria with following specific 

objectives: 

 Isolation and preservation of mesophilic as well as thermophilic chitinase 

producing bacteria from local habitats. 

 Phenotypic and genotypic characterization of the bacterial isolates and their 

selection based upon their chtinolytic potential. 

 Growth and chitinase yield optimization of the selected species/strains. 

 Cultivation of the selected bacteria in certain agroindustrial wastes for economical 

provision of the biological control agents. 

 Exposure of termite species Coptotermes heimi and Heterotermes indicola to 

varying concentrations of crude preparations of thermostable chitinases/bacterial 

cells/endospores loaded filter paper discs and recording the insect mortalities 

under the controlled conditions. 
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 Exposing the termite species to crude preparation of chitinases mixed in 

pulverised sugar cane bagasse to verify environment friendly termite proof 

potential of the material that can be developed for chipboard making.  
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2. REVIEW OF LITERATURE 

2.1 Termite Problem 

Insects which infest and destroy wood include termites and beetle larvae. Beetles 

are the most destructive whereas termites are real threat to furniture, wooden buildings 

and crops (Hoadley, 1980; Story, 1985). Termites are social insects that belong to the 

order Isoptera, means equal winged. Isoptera have two pairs of wings, which are similar 

in size and shape. Termites live in colonies consisting of a few thousands to several 

million individuals. Termites forage on cellulose that is why they are important economic 

pests which cause damage to timber, crops, trees and are responsible for biodegradation 

and wood utilization throughout tropics, subtropics and temperate regions (Watson and 

Gay, 1991; Deka et al., 2002; Lax and Osbrick, 2003; Cheng et al., 2007; Roberto et al., 

2008). They are soft bodied insects and comprise reproductive pair, numerous sterile 

worker and soldiers (Wilson, 1971; Creffield, 1996). Three well recognised types of 

termites are damp wood termites, dry wood termites and subterranean termites. The latter 

are basic deteriorative pest of wood and represent 80% of the species causing damages 

(Chung and Lee, 1999; Su and Scheffrahn, 2000). This group remains in contact with the 

soil at nest but their foraging activities extend to wooden structures. Once infestation 

starts, control of the pest becomes very difficult. Indeed, they have ability to develop 

from one caste to another (Nunes, 1997). Dry wood termites are always found inside 

wood. The shape or position of the nest can vary from species to species and also 

between the same species in different habitats. Different species of the same genus show 

different swarming periods that prevent interbreeding which can be the source of 

distinction among the species (Wood, 1981). Myles (1999) states that other factors 

including population diffusion, seasons and newly discovered resources stimulate the 

differentiation of secondary reproductions and development of new distinct colonies. 

This highly flexible, opportunistic approach to reproduction makes termites an incredibly 

successful pest upon human made wooden structures and agricultures. 

Termites build nurseries and galleries in wood and produce species specific 

mounds to move from soil to wood. Characteristics of colony limit the approach of 

predators (Watson and Gay, 1991; Culliney and Grace, 2000). Worker caste is 
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responsible for construction of tunnel, galleries and its elongation, food consumption, 

care of brood and queen (Crosland et al., 1997; Crosland and Traniello., 1998). About 

2600 species of termites have been described in 281 genera (Kambhampati and Eggleton, 

2000). Among thousands of species, 50 species are major pests of whom most species 

belong to Rhinotermidae and Macrotermitinae that cause considerable damage to 

buildings, wooden structures, trees and agricultural crops world wide (Harris, 1971; 

Pearce, 1997; Cowie et al., 1990; Abdurahman, 1990; Su and Scheffrahn, 2000; Kirton, 

2005). Harris (1966, 1969, 1971), Bigger (1966) and Wood et al. (1980) worked on 

termite damage to crops. Annual crops loss in maize ranged from 5 to 50% (Bigger, 

1966; Johnson and Wood, 1979; Wood, 1986), 6 to 25% in wheat (Sands, 1973; 

SenSerma, 1974; Johnson and Wood, 1979; Fowler and Forti, 1990), 90 to 100% in 

sugarcane (Salihah et al., 1988; Sattar and Salihah, 2001; Miranda et al., 2004) 20 to 51% 

in ground nut (Johnson et al., 1981; Sudhakar and Veersh, 1985; Johson and Wood. 

1979) and 10 to 31% in pepper, okra and tomato (Badawi et al., 1984; Wood et al., 

1987). Termites are also damaging pest of grazing land (Coaton, 1950), eucalyptus 

seedling (Sands, 1973; Cowie et al., 1989; FAO, 1985; Abdurahman, 1990) and yam, 

cassava, peanut, rice and cotton (Sands, 1973; Fowler and Forti, 1990). Microtermes 

mycophagous, Microtermes obsi, Microtermes unicolor, Eremoteres paradoxalis and 

Oddontotermes obesus species are recorded in agro-ecosystem of Pakistan (Ahmed et al., 

2004; Ahmed et al., 2005). Wood is natural resource used for building, construction and 

wood production. High quality wood is required by customers thus physical and 

biological damages reduce value of the product. The wood destruction problems caused 

farmers to abandon their land and migrate in many areas (Sanna, 1973; Gauchan et al., 

1998) and they considered termites the most destructive threat (Hunt and Garrat, 1967; 

Abdurahman, 1990; Gauchan et al., 1998; OADB, 2001; Deka et al., 2002; Cheng et al., 

2007). Valuable books are damaged by termites (Pearce, 1997; Kirton, 2005). Inspite of 

cellulose material, termites also attack non-cellulosic materials such as power cables, 

plastics, earthen dams and circuits (Sternlicht, 1977; Kirton, 2005). 

Depending on wood eating habit, there are six families of lower termites that 

harbour prokaryotes and flagellates in their gut. Later are important for digestion of 

lignocellulose and one family of higher termites lack flagellates but prokaryotes are 
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present in their guts which produce cellulolytic enzymes (Tokuda et al., 1997; Khademi 

et al., 2002). Wood is composed of cellulose, hemicellulose and lignin and wood eating 

termites utilize it for nourishment with help of gut bacterial community (Breznak and 

Brune 1994; Yang et al., 2006; Miyata et al., 2007). 

Wood treatments with chemicals for example, organophosphate, pyrethroids, 

nichotinoids and organochlorine, herbicides, wood impregnated with chromated cooper 

arsenates, coal tar creosote and disodium octaborate tetrahydrate and use of metabolic 

inhibitors) and placement of physical barriers (such as graded stone and stainless steel 

barriers) for controlling termites indicate severity of the problems faced by humans (Su et 

al., 1991; Forschler, 1996; Su and Scheffrahn, 2000). Some chemicals are quite effective 

but being of recalcitrant nature have become part of food chain leading to biological 

magnification in some cases. In heavy rain leakage of chemicals may lead to pungent 

odors. Chlordane is source of cancer and have been banned in some countries while 

monochrotophos, chlorrpyriphos, dimethoate and endosulfan cause genotoxicity (Jamil, 

2005).  Polychlorinated biphenyls and organochlorine pesticides are the source of 

leukemia, neuroses and fatal for reproductive and immune systems (Ward et al., 2009). 

The above referred and many more non-target toxic effects of chemical pesticides 

necessitated development of biological control strategies.  

2.2 Biological Control of Termites and Chitinolytic Bacteria 

Several methods have been used for suppressing the termite populations. Baits 

have been introduced with slow acting toxicants which termites delivered to other colony 

members with killing effects. The purpose of this method is to reduce environmental 

hazards of insecticides used for eliminating termite population (Nune, 1997). Metabolic 

inhibitors are also introduced into baits to minimize foraging activities of termite colonies 

(Esenther and Beal, 1978; Su et al., 1991; Forschler, 1996). In baits insect growth 

regulators have been used which target their metabolic pathway that is not present in 

other animals. Such baits may cause disturbances in normal insect endocrine system. 

Growth regulators, juvenoid and chitin synthesis inhibitors have been studied for 

controlling the insect pests (Howard and Hoverty, 1979; Doki et al., 1984; Tsunoda et al., 

1998; Sheets et al., 2000; Kistner and Sbragia, 2001). Lack of knowledge of termites 



9 
 

 

populations has limited the estimation of baiting effects which require more information 

about biology of different termites especially their ecology (Nutting and Jones 1990; Su 

and Scheffrahn, 1996).  

Microbial pathogens continue to attract a great deal of attention to manage termite 

population. The development of biopesticides has augmented chemical pest control 

method by providing farmers with an additional pest control tool. Nematods have also 

been reported as biological control agents (Smythe and Coppel, 1965; Epsky and 

Capinera, 1988; Mauldin and Beal, 1989; Zoberi and Grace, 1990; Jones et al., 1996; Le 

Bayon et al., 1999) but disappointments are also documented in some cases (Culliney and 

Grace, 2000; Su and Scheffrahn, 2000). 

Bacterial, viral and fungal biocontrols can effectively control insect pests 

(Carnelius and Grace, 1996; Johnson, 2004; Lenz, 2005). Fungi have gained place in the 

management of insect pests (Milner, 2000; Milner and Pereira, 2000; Sun et al., 2003; 

Meikle et al., 2005). Pathogenic fungi can be collected from the sites where termites had 

been or galleries in wood (Logan et al., 1990; Zoberi and Grace, 1990; Holt, 1998; 

Milner et al., 1998a; Milner et al., 1998b; Sun et al., 2003). Fungal pathogens are host 

specific (Goettel et al., 1990; Milner et al., 1998b). Paecilomyces fumosoroseus is the 

frequently reported pathogen fungus (Milner, 2000; Myles, 2002; Sun et al., 2003; Wang 

and Powell, 2003; Weight et al., 2005), Metarhizium anisopliae produces large number 

of conidia which are helpful controlling termites (Inqlis et al., 2001; Chengshu et al., 

2002; Milner, 2003; Dong et al., 2009). It has been found that Metarhizium anisopliae 

and Beauveria bassiana have potential for future use in insect pests control programmes 

(Delante et al., 1995; Wells et al., 1995; Jones et al., 1996; Inglis et al., 2001). 

Knowledge of specificity of mechanisms through which a bacterial pathogen 

exerts selective toxicity in a pest and does not harm to non-target organisms, which 

certify it a safe biological control, is important not only for academic reasons but is 

required for actual application in the field (Perlak et al., 1991; Lu et al., 1994; Aronson et 

al., 1995; Maagd et al., 1999; Maagd et al., 1999; Maagd et al., 2001; Saraswathy and 

Kramer, 2004; Boisvert, 2005). Bacillus thuringiensis, for instance, secretes proteins 

which specifically bind and loosen epithelium of gut of insects but do not harm to 
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vertebrates (Lacey and Mulla, 1990; Melin and Cozzi, 1990; Glare and O’Callaghan, 

2000; Lacey and Siegal., 2000; Lu et al., 1994; Grove, 2001). This specificity of toxicity 

is being enjoyed by life scientists for controlling damage made by pests over the chemists 

who come with pesticides not safer for non-target organisms. Besides Bacillus 

thuringeiensis, several other bacterial species have been and being worked out as 

biological control agents. 

Chitinolytic bacteria can play important role in biocontrol of termites. Many 

bacteria capable of using chitin as the sole source of carbon and energy have been 

reported (Mihaly, 1960; Davis and Eveleigh, 1984; Kjoller et al., 1985; Turner et al., 

1985; Kobyashi et al., 1995). Such microorganisms play significant role in maintaining 

the cycle through making chitin usable biologically (Wang and Chang, 1997; Suzuki et 

al., 1998). Major genera containing chitinolytic species are Pseudomonas (Wang and 

Chang, 1997), Aeromonas (Chen et al., 1991; Hiraga et al., 1997; Lan et al., 2006), 

Xanthomonas and Serratia (Gabdrakhmonova et al., 1998; Kim et al., 2007), Cytophagia 

and Arthrobacter (Gooday, 1990a; Kobayashi et al., 1995), Bacillus (Gooday, 1990a; 

Watanabe et al., 1990, Watanabe et al., 1992; Shigemasa et al., 1994; Kobayashi et al., 

1995; Wiwat et al., 1999; Chuang et al., 2008) , Streptomyces (Miyashita et al., 1991; 

Blaak et al., 1993; Mahadevan and Crawford, 1997; Pleban et al., 1997; Wen et al., 2002; 

Mukherjee and Sen, 2004; Kawase et al., 2006), Cellvibrio (Wynne and Pemberton, 

1986), Alteromonas (Tsujibo et al., 1992; Orikohi et al., 2005), Enterobacter (Chernin et 

al., 1997), Vibrio (Svitil et al., 1997) and several thermophiles (Sakai et al., 1998; 

Bushan, 2000; Imanaka et al., 2001; Tanaka et al., 2001; Hobel et al., 2005). 

Chitin is insoluble linear β-1,4- linked polymer of N- acetylglucosamine linked by 

β-1,4 bonds. It is abundant renewable natural source biologically pooled in marine 

invertebrates, insects, fungi and algae (Nicol, 1991; Gooday, 1990b; Sheikh and 

Deshpande, 1993; Wang and Chang, 1997). About 10% of the global landing of aquatic 

products consists of organisms rich in chitinous material. These include shrimps, crabs, 

squids, oyster, krill and cuttlefish. More than 80,000 metric tons of chitin is obtained per 

year from marine wastes (Subasinghe, 1995; Muzzarelli, 1996; Wang and Chang, 1997). 

Dynamic process such as molting of cuticles as well as senescence results in a continous 

rain of chitin to the ocean floor known as marine snow (Alldredge and Gotschalk, 1990; 
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Wang and Chang, 1997; Cohen-Kupiec and Chet, 1998). While there is no substantial 

accumulation of chitin in the ocean sediments, as it is effectively degraded and 

catabolised by bacteria (Tsujibo et al., 1998). 

Chitin possesses considerable crystalline structure and farms complexes of 

varying natures. The chitin content of an individual varies depending on the structures 

possessing the polymer and the species. Chitin is found in different crystalline forms but 

alpha chitin is found in insects (Salmon and Hudson, 1997). In alpha chitin GlcNAc 

chains run parallel to each other (Noville et al., 1976). Chitin besides being a major 

component of cuticle of insect embedded in protein and peritrophic membrane, also 

forms a protective layer lining the gut epithelia and trachea of many insects 

(Meszendorfer and Zimoch, 2003; Fan et al., 2007). In termites, hindgut is lined with 

chitin that follows the foregut (consisting of crop and muscular gizzard) and the tubular 

midgut (a microvilli lined site of enzyme secretion and absorption of soluble nutrients).  

Chitin lining of the hind gut presents modification in the form of teeth, spines, scales and 

folds etc. Cuticular structures have shown great taxonomic and phylogenetic importance 

in termites (Salihah, 1982; Breznak, 2006). Insects exoskeleton and peritrophic 

membrane act as physiochemical barriers to environmental hazards and predators. 

structures are primarily composed of chitin and protein. In 1970, chitinases were 

demonstrated to degrade insect gut peritrophic membranes in vitro. Brandt et al. Both 

(1978) suggested that chitinases perforate in to membranes, thus facilitates enzyme into 

tissues of insect. Insects also produce chitinases and shed their exoskeleton as well as 

peritrophic membrane periodically by accumulation of enzymes in old cuticle, epidermis 

and gut tissue (Lethane, 1997). 

Chitin hydrolyzing enzymes are classified into three categories i.e. 

endochitinases, which randomly cleave beta 1-4- glycosidic bonds of chitin, 

exochitinases cleave the non reducing end to produce diacetylchitobiose (GlcNAc2), 

whereas N-acetylglucosaminases hydrolyze GlcNAc2 into GlcNAc or produce GlcNAc  

from non residual end of N-acetyl-chito-oligosaccharides (Tanaka et al., 2001). Two 

steps are involved in chitin catabolism i-e., breakdown of chitin oligosaccharides by 

chitinases and further cleavage to monomers of N-acetylglucoamine by chitobiases 

(Suginta et al., 2000).  
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Chitinases are found in different organisms for many reasons. For example in 

fungi and insects they are needed for cell wall morphogenesis exoskeleton development 

respectively. In bacteria chitinases are produced for nutritional purpose. In many plants 

microbial infection and other injuries induce chitinases (Mauch and staehelin, 1989; 

Koga et al., 1992). Plants and microbial chitinases differ in their activities due to 

differences in substrate specifities (Schlumbaum et al., 1986; Roberts and Selitrennikeff, 

1988). In short chitinases are widely distributed in a variety of living organisms and 

contribute significantly to basic and applied research. Among microorganisms, bacterial 

chitinases play important role in the chitin degredation process (Keyhani and Roseman, 

1999; Patil et al., 2000; Bhattacharya et al., 2007; Huang and Chen, 2004). Almost all of 

the reported chitinase producing bacterial strains use chitin or colloidal chitin as a carbon 

source (Wang et al., 1999). Due to polymeric nature, chitin must undergo partial 

hydrolysis first before accumulation by microbial cells. This is accomplished by 

chitinolytic enzyme which cleave GlcNAc residues producing oligomeric or dimeric 

units, transportable across the membranes, which can then be metabolized further.  

Chitinases have received attention because of their wide range of applications in 

addition to their role as biological control of insect pests too. They are good candidates 

for bioremediation and bioconversion of chitin wastes (Wang and Huang, 2001), used for 

preparation of oligosaccharides and N-acetylglucosamine (Makino et al., 2006; Wang et 

al., 2006). Chitinases have raised wide attention in biocontrol of fungal phytopathogen 

(Gomaa, 2012; Suryanto et al., 2012; Basurto-cadeno et al., 2012). Chitinases in fungi 

are thought to have autolytic, nutritional and morphogenetic roles. They are also being 

used in medicine biotechnology (Nowani and Kapadnis, 2005). Industrially chitinases 

have been utilized for enhancing shelf life, cost production and properties of enzymes 

improving (Bushan, 2000). They are also being employed in human health care, for 

example for making ophthalmic preparations following is a brief overview of different 

applications of chitinases other than biological control of insect/arthropod pests (Dahiya 

et al., 2006). 
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2.3 Other Applications of Chitinases 

2.3.1 Fungal Plant Diseases 

Fungal plant diseases have been major problems through out development of 

agricultural food production world wide resulting in crop losses of billions. The fungal 

pathogens have developed resistance against the fungicides used and are source of 

damages to man and environment. Chitinolytic microorganisms might be used for 

controlling the fungi. Chitinases produced by Bacillus subtilis have proved to be potential 

biocontrol agent, especially for plant fungal diseases (Chernin et al., 1995; Freeman et 

al., 2004; Huang et al., 2005; Liu et al., 2008). Serratia marcescens chitinases reduced 

the pathogenicity of fungi in bean seed (Ordentlich et al., 1988) and Aeromonas caviae in 

cotton (Inbar and Chet, 1991). Barboza-Corona et al. (1999) worked on chitinases of 

Bacillus thuringiensis and used them as insecticide and expanded to work against plant 

pathogenic fungi. Similarly, Reyes-Ramirez et al. (2004) extracted chitinases from 

Bacillus thuringiensis for control of fungi in soybean seeds. 

2.3.2 Preservation of Food 

In the past various methods were employed for the preservation of food like heat 

treatment (Hocking and Pitt, 1984; Karatas and Ahi, 1992). After that different 

technologies were tried like hydrostatic pressure and electroporation to improve the 

quality of preserved food such as flavour, taste, color, shelf life and nutritional value 

(Karatas and Ahi, 1992; Kalchayanand et al., 1994; Yamamoto and Ifuku, 1994). Use of 

heat and high pressure results in enzyme inactivation and alterations of metabolism, cell 

morphology and cell wall. Among others decomposers fungi are also involved in the 

spoilage of food. Chitinases are the major enzymes for inhibition of fungi. They work by 

breaking the chitin made cell wall of fungi (Shaikh and Deshpande, 1993; Lorito et al., 

1994; Fenice et al., 1999). Thus application of chitinases in food preservation appears a 

safer way of controlling fungal decomposition.  

2.3.3 Human Skin Infection 

Fungal species are widely spread all around in our environment. Human skin is 

also attacked by fungi mostly with Candida albicans, a human pathogenic fungus 
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(Minkwitz and Berg, 2001; Oskay, 2009). Bodhin et al. (2003) found presence of 

chitinases in the outer layer of skin, which could hydrolyze cell wall chitin of most fungi. 

Minkwitz and Berg, (2001) and Oskay, (2009) reported that protease help chitinases in 

complete degradation of chitin structure. 

2.3.4 Isolation of Fungal Protoplast 

Fungal protoplasts have been isolated from bacterial chitinases which is 

experimental tool for the study of enzyme synthesis, their secretion, synthesis of cell wall 

and improvement of strain by biotechnological application. Since chitin is the component 

of fungal cell wall, the chitinolytic enzymes play important role in wall degradation 

(Johnson et al., 1979; Gokhale, 1992; Mizuno et al., 1997; Dahiya et al., 2005a). 

2.3.5 Production of Single Cell Protein 

For the proper utilization of chitin waste, chitinolytic enzymes might be used for 

the production of single cell protein (SCP). At first time, Revah-Moiseev and Carrod 

(1981) suggested that shellfish could be used for bioconversion of chitin into yeast single 

cell protein. They use bacterium Serratia marcescens and yeast Pichia kudriavzevii to 

hydrolyze chitin and to yield SCP (45% Protein and 8-11% nucleic acid). Vyas (1991) 

used the fungi Hansenula polymorpha, Candida tropicalis, Saccharomyces cervisae, 

M.verrucaria and P.kuriavzevii to evaluate SCP production. Among them the best 

reported was S. cervisae with 60% protein and 3% nucleic acid content. Vyas and 

Deshpande (1991) utilized M.verrucaria and S.cervisae for SCP production, while Cody 

et al. (1990) suggested chitinolytic conversion of chitin to ethanol to in addition to the 

SCP yields. 

2.3.6 Production of Chitiooligosaccharide 

 Chitiooligosaccharide, Glucosamine and GlcNAc have been produced by 

chitinolytic enzymes from chitin because of their importance in pharmaceuticals. GlcNAc 

is an anti-inflammatory drug, synthesized in human body from glucose and joined to 

glycoprotein and glycosaminoglycans. The metabolite can be administrated through oral 

or intramuscular routes for the effective results (Friedman et al., 1980; Alois et al., 1996). 
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Specific combinations of chitinolytic enzymes are obtained to get desired length of 

chitooligomers. Transglycosylation activity of chitinases is applied to generate required 

hierarchy of chitooligomers (Nanjo et al., 1989; Usui et al., 1990; Stoyachenko et al., 

1994). For production of GlcNAc high quantities of exochitinase and N-

acetylglucosaminidase are required (Aloise et al., 1996). Pichyangkura et al. (2000) and 

Sashiwa et al. (2002) produced GlcNAc from crude chitin using bacterial chitinases. 

2.3.7 Mosquitos’ Control 

 Mosquitoes are carrier of various socioeconomic diseases worldwide. 

Tremendous work has been carried out to control their pathogenicity. Although chitinases 

from Beauveria bassiana against Aedes aegypti, a vector of yellow fever and dengue but 

eggs of mosquito are susceptible to the chitinases in the soil (Ferron, 1985). Shaikh and 

Deshpande (1993), Mendosa et al. (1996) found that chitinases degrade cuticle of insect 

and larvae.  

2.3.8 Morphogenesis of Yeast 

 Chitinolytic enzymes are important in morphogenesis of yeast. Kuranda and 

Robbins (1991) and Shimono et al. (2002) reported the role of chitinases during 

development in the cell separation in S.cervisae and S.pombe. Fungi can be estimated by 

various methods e.g. direct microscopic count or extraction of indicator which are fungus 

specific molecules like glucosamine ergosterol. Chitinase activity is a unique indicator of 

actively growing fungi in soil. Miller et al. (1998) reported the chitinase activity and its 

relation with fungus specific indicator molecules. 

Of the above mentioned potential application of chitinases, control of fungi and 

insects can lead to restrict deteriorative activities of these organisms in an 

environmentally sound way. It appears likely that chitinase based control of pests would 

create no human health and other environmental problems. Strains of Bacillus 

thuringiensis have long been reported effective in controlling termites. For example, 

Sneh et al. (1983) found chitinolytic Bacillus thuringiensis from gut of insect. Wiwat et 

al. (1996) found that crude chitinases from Bacillus circulan were effective in controlling 

insect. Hu et al. (2009) mentioned chitinases as weapon to control the insect. Castithos-

Fortes et al. (2002) found that Bacillus thuringiensis is species specific and found 100% 
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mortality of termites at seventh day. Chitinolytic enzymes and their genes have received 

attention in recent years. Their chemical, physical, kinetic and regulatory properties as 

well as potential as biopesticides in transgenic plant and biological control agents had 

been explored for novel application (Gooday, 1990; Kramer et al., 1997). Currently, 

genetic recombinations are being carried out on different bacterial, fungal and plant 

chitinases.  

Thermostable bacterial enzymes have been claimed to narrow the gaps between 

industries and biological resources. During the processing of chipboard/vinboard 

(artificial wood) the final steps involve compacting and application of heat. Any 

biological material (cells/exoproducts) to be incorporated during the processing at this 

level for subsequent benefits should resist thermal treatment. Thus thermophilic bacteria/ 

thermostable exoproducts i-e., chitinases appear to have potential for incorporating into 

artificial wood, preparation of which may afford the high temperature exposure allowing 

retention of their antitermite activity. Albeit blending of biological resource to existing 

technological facilities will lead to new industrial requirements and set up. 

The present study was attempted for recognition of thermophilic/thermodurable 

chitinolytic bacteria which can be cultivated in inexpensive growth media and whose 

incorporation to chipboard may render the commodity termite proof in an 

environmentally safer way. 
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3.  MATERIALS AND METHODS 

The present study is concerned with isolation, characterization, optimizations of 

growth and enzyme yields of chitinolytic bacteria. Cultivation of select bacteria was also 

attempted in sugarcane bagasse, a frequently available agro-industrial waste in this 

country, whey and wheat straw. Insecticidal characteristic of crude preparation of 

enzyme/concentrated fluid was verified by toxicological experiments on termites. These 

experiments were conducted for paving the commercial application of bacterial chitinases 

to make termite resistant artificial wood. Fig 3.1 depicts major procedural steps of the 

study, while detailed of the protocols used is given in the following sections. 

3.1 Collection of Samples 

Twenty one samples comprising of soil, water and dead termites were collected 

from mounds and galleries built by termites, termite influenced trees, wood structures and 

termite affected soils of different areas in Lahore. The samples were saved in tightly 

capped sterilized bottles and transported to laboratory for further processing. Details of 

the samples and chitinolytic bacterial isolates recovered from them are shown in table 

3.1. Soil samples were suspended in sterile water. For this purpose 1 g of soil sample was 

added to 10 ml sterile distilled water. In case of termite, the whole insect was crushed and 

well mixed in 10 ml sterile distilled water. The 0.1 ml of above prepared samples and the 

water samples were spread over the surface of select medium (JF) containing colloidal 

chitin as sole source of carbon. Composition of the medium JF is given in table 3.2. 
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Table 3.1 Description of the different samples and Chitinolytic Bacteria isolated 
from them 

SAMPL
E NO. 

COLLECTIO
N DATE 

LOCATION 
APPEARANC

E OF 
SAMPLE 

C.F.U.
/ml 

ISOLATE’
S CODE 

1.  04-11-2009 Tree in lawn of 
department of 
Zoology, 
University of the 
Punjab 

Dry soil+ dead 
termite 

390 JF1,JF2, 
JF3, JF4 

2.  04-11-2009 Tree in agricultural 
field in University 
of the Punjab 

Dry soil+ dead 
termite 

520 JF5,JF6, 
JF7, 
JF8,JF9,JF1
0 

3.  09-11-2009 Termite influenced 
soil   from termite 
gallery on tree in 
department of 
Zoology, 
University of the 
Punjab. Lahore 

Dry and brown 540 JF11, JF12, 
JF13, JF14, 
JF15,    
JF16, 

JF17, JF18, 
JF19, JF20, 
JF21,    
JF22 

JF23 

4.  12-11-2009 Soil sample from 
termite affected 
tree in campus 
canal 

 

 

Slightly moist 
and brown 

760 JF24, JF25, 
JF26, JF27, 
JF28,    
JF29, 

JF30, JF31, 
JF32, JF33, 
JF34,    
JF35, 

JF36 

5.  15-11-2009 Soil from mounds 
and galleries built 
by termites on 
wooden structures 
at home 

Dry, porous and 
light brown 

 

630 JF37, JF38, 
JF39, JF40, 
JF41, JF42, 
JF43, JF44, 
JF 45,  
JF46 

6.  24-11-2009 Soil from termite 
affected garden 
tree  

Wet and dark 
brown 

130 JF47, JF48, 
JF49,    
JF50 
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7.  15-12-2009 Soil from termite 
affected tree from 
Lahore wahga 
border 

Moist and dark 
brown 

100 JF51, JF52, 
JF53 

8.  17-12-2009 

 

Soil from termite 
affected garden 
tree  

Dry and brown 120 JF54, JF55, 
JF58 

9.  19-12-2009 Soil from termite 
affected tree in 
garden 

Slightly moist 
and brown 

600 JF56, JF57, 
JF58,  JF59, 
JF 60, JF61, 
JF62, JF63, 
JF64, JF65, 
JF66, JF67, 
JF68,    
JF69 

10.  22-12-2009 Soil from 
sunflower fields in 
University of the 
Punjab 

Moist and 
brown 

190 JF70, JF71. 
JF 72 

11.  22-12-2009 Soil from chilli 
fields in University 
of the Punjab 

Moist and 
brown 

100 JF73,     
JF74 

12.  22-12-2009 Soil from Wheat 
field in University 
of the Punjab 

Moist and 
brown 

140 JF75, JF76, 
JF77 

13.  22-12-2009 Soil from tomato 
fields in University 
of the Punjab 

Moist and 
brown 

220 JF78, JF79, 
JF80 

14.  22-12-2009 Soil from 
sugarcane fields in 
University of the 
Punjab 

Moist and 
brown 

150 JF81 

15.  25-08-2012 Water sample 

(hot spring) 

Turbid water 0 - 

16.  25-08-2012 Water sample 

(hot spring) 

 

Turbid water 80 JF82 

17.  25-08-2012 Water sample 

(hot spring) 

Turbid water w 0 - 
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18.  25-08-2012 Water sample 

(hot spring) 

Turbid water 0 - 

19.  25-08-2012 Water sample 

(hot spring) 

Turbid water 240 JF83, JF84 

20.  25-08-2012 Soil sample Moist and dark 
brown 

0 - 

21.  25-08-2012 Water sample 

(hot spring) 

Turbid water 180 JF85 

a: Of the colonies for a given sample, a well separated colony representative of a given morphology was 
chosen for pure culturing 
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FIG.3.1 Flow sheet of complete experimental set up for isolation, enzyme production and its 

application 
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3.2 Extraction of Chitin from Crab Shells 

Extraction of chitin from crab shells was carried out according to the method 

described by Rhazi et al. (2000). Crab shells were purchased from the market. Shells 

were washed with distilled water thoroughly several times, dried at 50°C and cut into 

small pieces. The small pieces were further crushed by motor and piston into powder 

(sieved, 2-5mm). Firstly demineralization was carried out by two to three times washing, 

taking initial quantity of 4 g of chitin with 45 ml of 0.55 M hydrochloric acid for 2 h at 

room temperature. Further deproteinization was performed by alkaline treatment with 0.3 

M sodium hydroxide solutions at 80 to 85°C. This treatment was repeated many times for 

1 h. The powder was separated by filtration and washed with distilled water for two to 

three times. Finally chitin powder was dried and saved in dried bottle and can be 

compared with market available chitin powder of crab shells with different techniques.  

3.3 Preparation of Colloidal Chitin 

Colloidal chitin was prepared according to the method of Skujins et al (1965) 

with slight modification. Five grams processed crab shells powder was added very slowly 

in 60 ml concentrated HCl and kept in vigorous shaking for 1 h at room temperature. 

Then the material was filtered through glass wool and the filtrate was added to 200 ml of 

50% ethanol with vigorous and continuous stirring during this process. The precipitate 

was filtered through Whattman filter paper No. 1, and then washed with autoclaved 

distilled water. The filtered water was collected and the process was stopped when the 

spent wash water’s pH became 7. The colloidal chitin was removed with spatula from the 

filter paper, weighed and stored in dark bottle at 4°C. 

3.4 X. Ray Diffraction (XRD) 

X-ray diffractograms of crude, demineralized and deproteinized as well as the 

commercial (Sigma and Roth) chitins were obtained in a Siemens D-5000 diffractometer, 

a semi computer controlled XRD (RIGAKU Model DMAX/ A) with radiation Cu–Kα 

(40 kV and 40 mA) provided with a graphite chromators (λα1= 1.5405, λα2= 1.5444) at 

298 K. The relative intensity was registered in a dispersion range (2θ) of 10 – 85°. The 
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divergence was fixed at 1.52 mm. The scan axis was Gonio with scan range 20 and scan 

step size of 0.02. 

3.5 Fourier Transmission Infra Red Spectroscopy (FTIR) 

Measurements of crude, demineralized and deproteinized as well as the 

commercial (Sigma and Roth) chitins were carried out on FTIR system (Perkin Elmer 

Spectrum RX1). The samples were prepared with KBr pellets at 2:100 (w/w).  

Absorbance of the 2% samples was obtained with 2 cm-1 resolution and scan 4. 

3.6 Enrichment and Processing of the Soil Samples 

 For enrichment of chitinolytic bacteria, 1g of a soil sample was suspended in 

50ml of sterilized chitin containing selective FJ medium in 250 ml flask and kept on 

shaking for five days. All the media were sterilized by routine autoclaving at 15 lb/inch2 

for at least 15 minutes. After the enrichment, 0.1ml of a given sample was spread on the 

chitin containing selective medium prepared by modifying amount of chitin as described 

originally by Furukawa et al. (1998) for isolation of chitinolytic bacteria. Composition 

and other details of the medium used in this study are described in table 3.2. 

Table 3.2: Composition of FJ medium used for isolation of Chitinase producing 
Bacteria in study 

COMPOSITION                                     g/L REFERENCE 

Chitin 12 

Ammonium sulfate 1.0 

Potassium dihydrogen phosphate 0.2 

Dihydrogen potassium phosphate 1.6 

Sodium chloride  0.1 

Magnisium sulfate pentahydrate                0.2 

Ferric sulfatepentahydrate 0.01 

Calcium Chloride dihydrate 0.02 

Agar-agar (In case of solid medium) 15.0 

pH                                                                 6.0 

Furukawa et al., 1998 
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3.7 Isolation of the Chitinolytic Bacteria 

For the isolation of chitinolytic bacteria, the enriched samples were inoculated on 

the FJ agar medium and were incubated at 37°C for 5 days. 

3.7.1 Pure Culturing and selection of Chitinolytic Bacteria 

 On appearance of the bacterial growth, well separated/distinct colonies were 

processed for pure culturing by quadrant streaking technique first on the select agar and 

then on nutrient agar media. Colonies showing zones of chitin hydrolysis processed for 

the pure culturing. Each established pure culture was then designated a separate code. 

Further selection of chitinolytic bacteria was on the basis of ratio of chitin hydrolysis 

zone size to colony size (ZS/CS). Colony characteristics were recorded following growth 

on the general purpose medium as well as on the select medium for the select bacterial 

isolates.  

3.7.2 Preservation of the Select Isolates 

All the select bacterial isolates were revived by streaking on the selective 

medium. The growths, thus, obtained were then inoculated to nutrient agar as well as 

selective media slants. Following incubation of 96 hrs at 37oC, growths on the slants were 

preserved in sterilized liquid paraffin. The selected bacterial isolates were also grown in 

nutrient broth and the glycerol stocks were then stored at -20oC. 

3.8 Screening of Thermostable Chitinolytic Bacteria 
 

The select twelve chitinolytic bacteria were further cultivated in nutrient broth at 

40C, 50C, 60C, 70C, and 80C to verify their thermostability potential. For this 

purpose, the pure cultures were cultivated in 50 ml nutrient broth in 100 ml capacity 

culture bottles and incubated at the prescribed temperatures for six hours. The cultures 

were then sampled and their absorbance recorded at 600 nm and checked their growths 

on elevated temperatures. 

3.9 Inoculum Preparation 

 A loopful of a given bacterial isolates culture from the slants was transferred into 

FJ medium (Table 3.2) under aseptic conditions. The inoculated broth was agitated at 140 
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rpm in orbital shaker for 120 h at 30oC for raising the bacterial cultures up to 108-10 

cells/ml.  Then 1% (v/v) of the prepared inoculum was used to inoculate the FJ medium 

for chitinase production. The pH of the medium was adjusted at 6.0 and autoclaved at 

121oC for 15 min before inoculation.  

3.10 Analytical Procedures 

3.10.1 Estimation of Chitinolytic Activity 

Chitinolytic activity was determined by the estimation of released reducing sugars 

from the chitin as described by Sadafi et al. (2001). For this purpose 0.5 ml of a cultural 

fluid was mixed with the 0.5 ml colloidal chitin suspension in 0.1 M acetate buffer of pH 

5.0 (Acetate buffer was prepared by adding 28.82 ml 1M acetic acid and 273.3 ml of 

0.3M sodium acetate trihydrate and diluted uptill 1000ml).  The reaction mixture was 

incubated at 50°C for 30 mins. The reaction was terminated by adding 1 ml of DNSA 

reagent. The DNSA reagent mixture was prepared by dissolving 10g NaOH, 10 g 

dinitrosalicylic acid, 2 g phenol, 0.5 g Na2SO3 and 200 g sodium potassium tartarate in 

total volume of 500 ml distilled water.  The reaction mixture was heated at 100°C for 10 

mins in a boiling water bath. After cooling to room temperature, centrifugation of the 

mixture was carried out at 8,000 rpm for 10 min and then absorption of the supernatant 

was measured at 540 nm. The standard curve was plotted with varying concentrations of 

N-acetylglucosamine (NAG) (Fig. 3.2). One unit of chitinolytic activity was described as 

1 micromole of GlcNAc per mg of protein per minute. 

3.10.2 Estimation of Extracellular Protein 

    Protein content of cultural fluids was estimated by the method of Bradford 

(1976).  Accordingly, 0.1 ml of cell free cultural fluid was taken in test tube and 5.0 ml of 

Bradford reagent was added in it. The test tubes were then vortexed and absorbance was 

recorded at 595nm within 10 min by using CECIL CE 2041 2000 SERIES UV 

spectrophotometer. The Bradford reagent was prepared by dissolving 100 mg of 

Commassie blue dye in 50 ml of phosphoric acid followed by addition of 200 ml of 

methanol and then total volume was made upto 1000 ml with distilled water. The reagent 

was then filtered through Whattman No. 1 filter paper and saved in brown bottle. Bovine 

serum albumin (BSA) was used as standard. Three mg/ml standard solution of the protein 
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was prepared in distilled water. Dilutions representing 50, 100, 150, 200 and 250 µg/ml 

of the protein were prepared by solubilizing proper amounts of the stock solution and 

distilled water. These solutions of different BSA strengths were then reacted with 

Bradford reagent as mentioned above. Calibration curve was then plotted (Fig. 3.3) by 

performing regression analysis of absorbance (A595) versus corresponding concentrations 

of the standards employed. 

3.11 Growth Curve 

Growth curves of the selected bacterial isolates in FJ broth were studied. For this 

purpose 10% bacterial culture was inoculated to 50 ml of the medium in 250 ml capacity 

culture flasks and incubated at 37°C. The cultures were sampled daily. The samples were 

immediately processed to assess viable number of bacteria by determining colony 

forming units (C.F.U.). For this purpose a given bacterial culture of known dilutions were 

spread in amounts of 100µl petri plate containing nutrient agar medium. The plates were 

incubated at 37ºC for 24 hrs. Only those plates were taken into account which yielded 

C.F.U. in the range of 30-300. 

3.12 Characterization of the Bacterial Isolates 

The select bacterial isolates were phenotypically characterized for the following 

attributes: 

3.12.1 Colony Characteristics  

All the bacterial isolates were grown on nutrient agar plates for 24 hrs. The color, 

configuration, margins, elevation, size and optical features were then recorded for all well 

separated and full sized colonies. 

3.12.2 Cellular Characteristics of the Bacterial Isolates 

 Fresh (24 hrs incubated) cultures of the bacterial isolates were processed for Gram 

staining (Pelczar et al., 1986) and endospore staining (Benson, 1994) according to the 

referred procedures. 
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3.12.3 Biochemical Characterization of the Bacterial Isolates 

 Catalase, oxidase and motility tests for the select bacterial isolates were 

performed as described by Benson (1994). While sulfate reduction, growth in anaerobic 

conditions and Simmon’s citrate medium, growth at different temperatures, Voges-

Proskauer (V-P), methyl red and nitrate reduction tests, starch, casein and gelatin 

hydrolyses, growth on fructose, lactose, maltose, sucrose, galactose, mannose, xylose, 

sachorose, sorbitol, mannitol and arabinose tests were performed. All the tests were 

performed according to Benson (1994), Collins et al (1995) and Merck (1996-1997). 

3.12.4 Antibiotic Sensitivity Testing 

 Antibiotic sensitivity was checked by paper disc plate method. Small paper disks 

impregnated with given amount of antibiotics (Oxides) were placed upon the surface of 

an inoculated nutrient agar plate. After incubation, the plates were observed for zone of 

growth inhibition surrounding the discs. A clear zone of growth inhibition indicated that 

the organism was inhibited by the drug which diffused into the agar from the disc 

(Pelczar et al., 1993).  

3.13 Identification of the Bacterial Isolates by 16S rRNA Gene 
Sequencing 
 

Identification of the select bacterial isolates was further confirmed by their 16S 

rRNA genes sequencing. Following is detail of the procedural steps in this regard. Based 

upon the results of the above tests, recognition of the select bacterial isolates upto 

genus/specie level become possible after consulting the Holt et al. (2000). 

3.13.1 DNA Extraction 

 The select bacterial isolates designated as JF1, JF9, JF14, JF16, JF20, JF38, JF59, 

JF 62, JF66, JF68, JF70, JF81, JF82, JF83 and JF85 were revived in nutrient broth. Then 

1.5ml of overnight incubated (at 37°C) culture was used to sediment the cells in 

eppendrof at 13 x 103 rpm. The pellet was then suspended in 400µl of Cetyl 

trimethylammonium bromide (cTAB) buffer and 150 µl of solution II (0.2N NaOH and 

1% w/v SDS) was also added. Contents were then incubated at 60°C for 2 hrs. The cTAB 

buffer was prepared by adding 20 mM EDTA, 1.4 M NaCl, 100  mMTrisHCl (pH 8.0), 



28 
 

 

2% cTAB, β merceptoethanol 2 µl/ml of cTAB buffer, proteinase K 50 ul/ml of cTAB 

buffer. After the incubation 500 µl of PCI (buffered phenol : chloroform : isoamyalcohol) 

in ratio 25:24:1, respectively (pH 8.0) was added, mixed by gentle inverting for 2 min  

and centrifuged at 13 x 103 rpm for 10 mins. The supernatant was carefully transferred to 

fresh eppendorf. 300 µl of 100% ethanol was added to supernatant and the contents were 

mixed by gentle vortexing and left at room temperature for 10 mins, then for 20 mins at -

20°C and then centrifuged at 13 x 103 rpm for 5 mins. Pellets were washed with 1 ml 

70% of ethanol and then air dried. DNA was resuspended in 50 µl of deionized water and 

the eppendorfs were subsequently stored in freezer till further use. 

3.13.2 PCR Amplification 

The extracted DNA was used to amplify 16S rRNA genes employing the 

universal primers:  

27F(5’-AGAGTTTGATCMTGGCTCAG-3’), and 

1492R(3’-TACGG{Y}TACCTTGTTACG-5’) (Oligo, USA).  

For 50µl PCR the reactants were mixed together for a given reaction as mentioned 

in Table 3.3. 

Table 3.3 Reactants mixture for PCR 

SR. NO. REACTANT QUANTITY (µL) 

1.  dNTPs 5.0 

2.  10X PCR with 25mM MgCl2 5.0 

3.  Taq DNA polymerase 2.0 

4.  Forward Primer (10pmole/µl) 5.0 

5.  Reverse primer (10pmole/µl) 5.0 

6.  Highly purified water 28.0 

7.  Template 5.0 
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The contents of table 3.3 were mixed in each PCR eppendorf and vortexed 

briefly, centrifuged and then placed in PCR machine. Then 16S bacterial PCR program 

was selected and run. The touchdown PCR was run as follows: 95ºC for 30 minutes 

before 35 cycles of 94 ºC for 45 sec, 53 ºC for 45 sec and 72ºC for 1 min, which was then 

linked to 35 cycles of 94ºC for 45 sec, 53ºC for 45secs and 72ºC for 1 min, followed by a 

7 min incubation at 72ºC and final ‘hold’ step at 4ºC. 

3.13.3 Agarose Gel Electrophoresis 

The PCR product along with 1Kb ladder from GibcoBRL was then loaded on 

0.8% agarose gel in 1.0X Tris Acetate EDTA (TAE) buffer. For agarose gel preparation 

0.8% agarose was taken in TAE buffer (1.0X) and melted in microwave oven. Agarose 

gel was then cooled to 50°C, 10 µl ethidium bromide was added into it. After slight 

mixing, the gel was poured into gel casting tray, containing a comb and then allowed to 

solidify at room temperature. Comb was removed after solidification and casting gel was 

placed in electrophoresis tank containing TAE buffer. 10µl of an amplified DNA sample 

was mixed with 3µl loading dye and then loaded into the wells with micropipette. The gel 

was electrophorased at 100 V for 20 mins. The gel was then observed under U.V. 

illumination and photographs were taken. The successfully amplified 16S rDNA bands 

had similar intensity as that of 1Kb band from the ladder.  

3.13.4 Purification of the PCR-Product for Sequencing 

The PCR products were purified by using QIA quick PCR purification kit 

protocol, The bands were excised with sharp blade in UV illumination and saved in 

already weighed eppehdorfs which were weighed again. For 100 mg of agarose gel 100 

µl of binding solution was used. The gel mixture was incubated at 50- 60 °C for 10 mins 

or until gel was completely dissolved. Now upto 800 µl of gel solution was transferred to 

column. After centrifuged for 1 min, the flow through was discarded and column placed 

back. 100 µl of binding buffer was added to column and centrifuged for 1 min. Again 

flow through was discarded and the column placed back. Now 700 µl of wash buffer was 

added to column, centrifuged for 1 min and the flow through was discarded and column 

placed back. The eppendorfs were centrifuged again for a min to completely remove 

residual wash buffer. The columns were then transferred into clean 1.5 ml eppendorfs. 
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Thereafter 50 µl of elution buffer was added to centre of column membrane and after 

centrifugation for 1 min, the column was discarded and purified DNA stored at -20°C. 

3.13.5 16 S rRNA Gene Blast 

Raw sequencing data obtained from sequencer machine was transferred to 

computer. Text files of the raw sequencing data were made using DNA Baser software 

program. For BLAST, the website; www.ncbi.nlm.nih.gov was used. On this website the 

path; Molecular databases → BLAST →Nucleotide blast → Nucleotide collection (nr/nt) 

was followed. The maximum % similarity score for an identified bacterium was used to 

identify the test organism. For mismatches and gaps, the raw data were observed 

carefully and the text files were edited based upon easily recognized nucleotide from the 

peaks of raw data, which the program read erroneously. For the tail several mismatches/ 

gaps within a short sequences of the portion from the text file was deleted and the edited 

final text files of the sequence data were again subject to BLAST. This enhanced the % 

similarity of the test organism with the classified bacterium, however; this practice did 

not change the earlier identification that was made without editing the text files. In case 

of having identical % similarities of the test organism with more than one identified 

bacteria, phenotypic characteristic(s) specifying a given identified organism were given 

due considerations for the test organisms. 

3.14 Extraction of Chitinase Gene 

3.14.1  Primers used in Chitinase Gene Isolation 

Three pairs of already reported primers were purchased from Macrogen and 

employed for chitinase gene(s) isolation. Details of the primers are given in table 3.4.  

Table 3.4 Primers used for isolation of Chitinase Gene(s) 

Purpose Primer Sequence Reference 

For Bacillus 

sp. 

Forward 

Reverse 

5’-AATGGGGAATTCGCAAAAGCCAGTTCTGAC-3’ 

5’-CTCTCTCTTTATCCTCGAGTATCAAACTGAT-3’ 

Lee et al., 2007 

For  Bacillus 

cereus 

Forward 

Reverse 

5’-GGAATTCGAAAGGAGAAATGGCATGAGGTC-3’ 

5’-GGAATTCCTAGTTTTCGCTAATGAC-3’ 

Huang et al., 

2005 

For Bacillus 

licheniformis 

2250Forward 

2320Reverse 

5’-GATGCCGCTTCTATTCCTTG-3’ 

5’-TTATGAAGGCGGCTCCGGATT-3’ 

Islam et al., 

2010 
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3.14.2 Chitinase Gene PCR Amplification 

The extracted and then preserved DNA was also used to amplify chitinase gene(s) 

employing the primers: 

F(5’-AATGGGGAATTCGCAAAAGCCAGTTCTGAC-3’), and 

R(5’-CTCTCTCTTTATCCTCGAGTATCAAACTGAT-3’) (Macrogen, 

Korea) using Promega Go-Taq® Flexi DNA Polymerase (MGW Biotech, Germany). 

 For 50µl PCR the reactants were mixed together for a given reaction as 

mentioned in Table 3.5. 

Table 3.5 Reactants mixture for chitinase gene PCR amplification 

SR. NO. REACTANT QUANTITY (µL) 

1.  dNTPs2.5mM 4.0 

2.  10X PCR buffer (NH4SO4) 5.0 

3.  25mM MgCl2 5.0 

4.  Taq DNA polymerase 2.0 

5.  Forward Primer (100pmole/µl) 1.0 

6.  Reverse primer (100pmole/µl) 1.0 

7.  30µl Highly purified water 30.0 

8.  Template 2.0 

 

The contents mentioned above in table 3.5 were mixed in each PCR eppendorf 

and vortexed briefly, centrifuged and then placed in PCR machine. Then chitinase gene 

program was fed to PCR machine and run. The Touchdown PCR was run as follows: 
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94ºC for 5 minutes before 30 cycles of 94ºC for 30 sec, 58ºC for 40 sec and 72ºC for 1 

min and 30 sec, followed by a 7 mins incubation at 72ºC and final ‘hold’  at 4ºC. 

The PCR products along with 1Kb ladder from GibcoBRL were then loaded on 1 

% agarose gel in 1.0X Triacetate EDTA (TAE) buffer with 10 µl ethidium bromide. The 

gel was electrophorased at 100 V for 30 minutes. The gel was then observed under U.V. 

illumination and photograph taken. The successfully amplified chitinase gene bands had 

similar intensity as that of 1Kb band from the ladder. The bands appeared was excised 

with clean sharp blade in UV illumination and saved in already weighed eppendorfs 

which were then weighed again. The product was then processed further as described in 

section 3.13.4 and got sequenced commercially from Macrogen, Korea. 

3.15 Optimization for Growth and Chitinase Yield of the Select 
Bacteria 

 The select bacteria were inoculated in chitin containing FJ medium. Five days 

incubated cultures in the same medium were used as inocula (0.1ml) to the same medium 

for determinations of optimum ranges of temperature, pH and inocula sizes. Following 

five days of respective incubations, for optimum temperature the FJ broth inoculated test 

tubes were incubated at different 20, 25, 30, 35, 40, 45 and 50ºC for 5 days. For 

optimization of pH, the bacterial isolates were inoculated in FJ broths of 4, 5, 6, 7, 8, 9.0 

± 0.2 pH and incubated at their respective optimum temperature for 5 days and for 

nitrogen source optimization NH4(SO4) of the FJ broth was replaced with equal amount 

of  different nitrogen sources i.e., trypton, gelatin, peptone, yeast extract, urea, 

ammonium chloride, ammonium oxalate and ammonium dihydrogen phosphate 

incubated at their corresponding optimum conditions for 5 days. At the termination of 

incubation, the cultures were processed for measuring C.F.U and chitinase units as 

described earlier in sections 3.11 and 3.10.1 respectively. All the experiments were 

performed in triplicates. 

3.16 Optimization of Chitinase Enzyme Activity 

The selected bacterial species were cultivated in 50 ml of FJ medium up to 5 days 

by inoculating 0.1ml of 5 days old culture and incubating under respective chitinase yield 

optima. The bacterial culture was sampled at completion of the 5th day and cell free fluid 
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obtained after centrifugation at 10000 rpm was employed for optimizing the following 

conditions for the chitinase activity. All the experiments were performed in triplicates. 

3.16.1 Effect of pH on Chitinase Activity 

The activities of the bacterial chitinase were measured at different pH (4, 5, 6, 7, 

8, 9, 10, and 11) by using 1 % (w/v) solution of chitin as a substrate dissolved in acetate 

buffer (4-5), phosphate buffer (6-7), Tris HCl buffer (8-9) and glycine NaOH buffer (10-

11). Reaction mixtures comprising of 0.5 ml of cell free culture fluid of given bacterial 

culture and 0.5 ml of 1 % substrate in respective buffer were incubated at 50oC for 30 

min and then the relative activities of enzymes were measured as per assay procedure 

mentioned in section 3.10.1.  

3.16.2 Effect of Temperature on Chitinase Activity 

Likewise influences of temperature on the activities of chitinases were studied by 

incubating reaction mixtures in the presence of their respective optimum pH at 30, 35, 40, 

45, 50, 55 and 60oC for 30 minutes. The activity of the chitinases was then measured as 

described earlier in section 3.10.1. 

3.16.3 Effect of Chitin Concentration on Chitinase Activity  

Effects of different chitin concentrations on activities of the chitinases were 

determined by incubating the reaction mixtures at their corresponding pH and 

temperature optima for 30 minutes. After that, the chitinase activity was determined as 

described earlier in section 3.10.1. 

3.16.4 Effect of Incubation period on Chitinase Activity  

For finding optimum incubation time, the reaction mixtures prepared according to 

respective optimum pH and substrate concentrations were inoculated at desired 

temperature for up to 180 minutes. Samples for chitinase activity determination were 

taken after every 30 minutes interval. 
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3.17 Purification of Chitinase Enzyme 

The extracellular chitinases produced by select strains were purified and their 

molecular weights determined by SDS-PAGE electrophoresis. The purification procedure 

was carried out through various steps as given below: 

3.17.1 Step-1: Ammonium Sulphate Precipitation 

500 ml cell free enzyme solutions (supernatants) of select strains were 

precipitated by adding ammonium sulphate at different saturation levels (20-80%). The 

supernatants were precipitated separately by increasing the concentration of ammonium 

sulphate by 10 % each time. After each addition of the salt, the enzyme solutions were 

stirred at 4°C by magnetic stirrer for 1 hr. After maximum saturation the enzyme solution 

was kept at 4°C for 24 hrs. The proteins precipitated maximally at 60 to 70 % saturation 

levels and then collected by centrifugation at 13,000 x g for 10 min at 4oC. These 

precipitated pellets were re-dissolved in 10 ml volume of acetate buffer of pH 5.0 to get 

the concentrated enzyme suspension.  

3.17.2 Step-2: Dialysis 

 The ammonium sulphate precipitates (enzyme suspensions) dissolved in acetate 

buffer was dialyzed in dialyzing membrane against the same buffer to remove ammonium 

sulfate ions (small molecules) from protein molecules (macromolecules) at 4oC. The 

sealed dialyzing membranes containing the enzyme suspensions immersed separately in 

the acetate buffer (pH 5.0) for 24 h in a large container. The salt ions (NH4)2SO4 diffused 

out through the membrane. The buffer dialysate (buffer) was replaced with fresh buffer 

after every 6 h to increase the efficiency of desalting and to get rid of salts ions, by not 

allowing the equilibrium to establish between the concentration of small molecules inside 

the membrane tubing and outside in the large volume of the buffer. Chitinase activities 

and protein concentrations were measured every time during addition of salt fractions to 

calculate the specific activities of enzyme. 

3.18 Measuring of Antibiosis Activity of Bacteria 

The bacterial isolates were processed for evaluating their antibiosis against each 

other. For this purpose they were cross streaked on nutrient agar plates. Inhibition of 
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growth with respect to each other was observed at the crossing point of the two streaks 

(Austin, 1992). Each experiment was repeated four times. 

3.19 Cultivation of Select Chitinolytic Bacteria in Agro-Dairy Wastes 

The select bacteria were cultivated in sugarcane bagasse (SCB), whey and wheat 

straw and in a combination of SCB and whey.   

3.19.1 Collection of the Substrates 

Sugarcane bagasse was collected from the hostel juice shops of the University of 

the Punjab, Quaid-e-Azam campus, Lahore, while whey was collected from different 

dairy shops from local markets. Wheat straw was collected from waste of wheat mills 

from different places of Lahore. 

3.19.2 Processing of the Raw Substrates 

Sugarcane bagasse was washed with water to remove dust and soil particles, and 

then subjected to sun drying. SCB and wheat straw were kept in an oven at 80ºC for 1 to 

2 weeks till consistent weight was achieved. After drying, the substrates were crushed 

into fine powder with the help of a grinding mill and stored in air tightened containers.  

3.19.3 Growth of the Bacteria in Sugarcane Bagasse 

The select bacteria were cultivated in 2% sugarcane bagasse. For this purpose 2% 

pulverized sugarcane bagasse was autoclaved at 15 lb/inch2 for 15 minutes and filtered 

through Whattman filter paper No. 1. Then all the ingredients of FJ medium (Table 3.2) 

except chitin were added to the SCB extract while the SCB extract without addition of 

the FJ medium ingredients was also employed for cultivation of the bacteria (Table 3.6). 

Desired pH of a medium optimum for respective bacterium was adjusted with 1M 

HCl/NaOH solution. The pH adjusted media were again autoclaved and the media 10 

ml/test tube were inoculated with 0.1 ml of 5 day old bacterial culture in FJ broth. After 

incubating at their respective optimum conditions the bacterial cultures were harvested 

after 5 days and processed for the determination of growth, extracellular protein and final 

pH.  
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3.19.4 Growth of the Bacteria in Whey 

First whey was autoclaved and then filtered through Whattman No. 1 filter paper. 

The filtrate was processed for media preparation, cultivation of the bacteria and 

processing of the culture samples as described in section 3.19.3. Medium composition  is 

given in Table 3.6. 

3.19.5 Growth of the Bacteria in Sugarcane Bagasse and Whey 

Autoclaved and filtered aqueous extract of whey and 2% SCB were taken in 1:1 

ratio. The mixture was then processed for media preparation, cultivation of the bacteria 

and processing of the culture samples as described in section 3.19.3 Medium composition 

is given in Table 3.6. 

 

3.19.6 Growth of the Bacteria in Wheat Straw 

Two percent wheat straw was autoclaved and filtered through whattman filter 

paper 1. The filtrate was processed for media preparation, cultivation of the bacteria and 

processing of the culture samples as described in section 3.19.3. Medium composition is 

given in Table 3.6. 
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Table 3.6: Composition (g/l) of the various media used for the Cultivation of 
Chitinolytic Bacteria 

 

INGREDIENT 

MEDIUM 

M1 M2 M3 M4 

Bagasse 20.0 - 10.0 - 

Whey - 1000  500 - 

Wheat straw - - - 20.0 

NH4Cl 1.0 1.0 1.0 1.0 

KH2PO4 0.2 0.2 0.2 0.2 

K2HPO4 1.6 1.6 1.6 1.6 

NaCl 0.1 0.1 0.1 0.1 

MgSO4.7H2O 0.2 0.2 0.2 0.2 

FeSO4.7H2O 0.01 0.01 0.01 0.01 

CaCl2.2H2O 0.02 0.02 0.02 0.02 

pH Optimum for respective bacterium 

3.20 Experiments on Termites 

3.20.1 Collection of Termites 

Termites member of Heterotermes were collected from field on 2nd July, 2013 and 

Coptotermes on 18th July, 2013 in morning hours and immediately transported to the 

laboratory. The animals were allowed to remain within the piece of bark and branch of 

tree for at least 24 hours. Termites were recovered and placed in a cool place (28°C±2) in 

glass small box covered with black cloth till further use. 
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3.20.2 Concentrating Bacterial Chitinases for Termiticidal Assessment    

 The select bacteria were grown in 50 ml FJ medium in 250 ml flask for 5 days at 

their corresponding enzyme optima. The growth was centrifuged in sterile centrifuge 

tubes and 10 ml of supernatant was dispensed in sterile capped test tubes. The 10 ml 

supernatant in two of the test tubes (5X, 10X) was dried by exposing to room 

temperature. Of the remaining two tubes (1X) one was used to supplement 10% SCB 

suspension and spread in Petri plates in thin layer and other was used as it is. The 

preparation was allowed to dry at room temperature. 

3.20.3 Exposing Termites to the Bacterial Isolates 

Whattman No. 1 filter paper discs of 10 mm were made, sterilized by autoclaving 

and loaded with prepared concentrations i.e., 1X, 5X, 10X of the bacterial culture fluids. 

The discs loaded with 10µl /disc of given preparation were placed in petri plates and 10 

termites free of extraneous dust etc were exposed to them. A control was also run having 

filter paper discs moistened with simple sterilized distilled water. The Petri plates were 

covered and kept under darkness at 26 ± 2°C and were observed for the termite mortality 

after every hour up to 8th  hour and then at 24th hour post exposure. 

3.20.4 Solid State Fermentation of SCB by the Chitinolytic Bacteria 

Sugarcane bagasse was oven dried and crushed into fine powder with the help of a 

grinding mill. In one set of the experiment ingredients of FJ medium and 10% bagasse 

and 1 % chitin were employed. While the second set was devoid of chitin. The media 

were autoclaved at 121°C for 15 min. All the experiments were conducted in triplicate. 

The media were inoculated with select bacteria and incubated at corresponding optimum 

temperatures for 8 days. C.F.U were determined daily.  

3.20.5 Preparation of Bagasse made Chipboard 

 One gram of SCB was sterilized in each petriplate and was mixed with 10 ml of a 

chitinolytic bacterial cell free cultural fluid. The chitinolytic chips of the SCB thus 

prepared were exposed to the termites. Mortality of the termite was observed and 

recorded as mentioned before in section 3.20.3. The experiments were conducted in 

triplicates. 
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3.21 Standard Curves 

 Standard curves were prepared during the course of this study to estimate 

unknown quantity of a metabolite in the experimental samples. Following is a brief 

description in this regard: 

3.21.1 N-Acetylglucosamine Standard Curve 

3.21.1.1 Procedure 

1.  Different concentrations of N-acetylglucosamine (100, 200, 300, 400, 500 and 

600 µg/ml) were processed for the estimation of sugar as described in the 

section 3.10.1 and preparation of the standard curve. 

2.  Absorbance versus concentrations (Table 3.7) was plotted and a linear curve 

was obtained (Fig. 3.2). From the standard curve, concentration per unit 

absorbance (standard factor) was calculated as described by Sadafi et al. 

(2001)  

3. The sugar (N-acetylglucosamine) content of a sample similarly was then 

calculated with the help of following formula. 

AMOUNT OF  
N-ACETYLGLUCOSAMINE 
 IN A SAMPLE (µg/ml) 

= 
ABSORBANCE 

OF SAMPLE 

 
X 
 

AVG. STANDARD 
FACTOR 

 

Table 3.7: Absorbance values of known concentrations of N-Acetylglucosamine at 
540 nm and estimation of avg. Standard factor 

SR. 

NO. 

CONCENTRATIONS 

(µg/ml) 

ABSORBANCE 

(nm) 

STANDARD 
FACTOR 

(Conc./Abs.) 
1 100 0.263 380.22 
2 200 0.443 451.47 
3 300 0.537 558.66 
4 400 0.749 534.05 
5 500 0.902 554.32 
6 600 1.121 535.24 

Average Standard Factor 502.32 
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FIG. 3.2: Standard curve of organic N-Acetylglucosamine by Olorimetric Determination Method. 

By applying linear regression: 

a = 0.0813 

b  = 0.017 

Y          =  a + bx 

At unit optical density, X= 540.4118µg/ml (curve value) 

3.21.2 Bovine Serum Albumin (BSA) Standard Curve  

3.21.2.1    Procedure 

1.  Different concentrations of BSA (50, 100, 150, 200, 250, 300, 350 and 400 µg/ 

ml) prepared in distilled water were processed for the estimation of protein as 

described in section 3.10.2. 

2. Absorbance versus concentrations (Table 3.8) of standards was plotted and a 

linear curve was obtained (Fig. 3.3). 

3. Total protein contents in an unknown sample processed similarly were then 

determined by the following relationship.  
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SAMPLE (µG/ML) = ABSORBANCE OF SAMPLE X AVG. STANDARD FACTOR 

Table 3.8: Absorbance values of known concentrations of BSA at  600 nm and 
estimation of avg. Standard factor 

SR. 
NO. 

CONCENTRATIONS 

(µg/ml ) 

ABSORBANCE 
(nm) 

STANDARD FACTOR 

(Conc./Abs.) 

1 2 0.015 133.333 

2 4 0.175 22.857 

3 6 0.355 16.901 

4 8 0.507 15.779 

5 10 0.611 16.367 

Average Standard Factor 41.047 

 

FIG. 3.3: Standard curve of proteins by Bradford Method. 

By applying linear regression: 

a = -0.124 

b = 0.076 

Y = a + bx 

At unit optical density,  X= 14.789µg/ml (curve value) 
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4. RESULTS 

4.1 Processing of Chitin Containing Waste 

Chitin was used as sole carbon source for the production of bacterial chitinases. 

Edible crabs, a waste product of food industries, were chosen for the present study. The 

shells were processed for removal of minerals by demineralization and proteins by 

deproteinization. From 4.0g of the dried chitin wastes 0.984g (24.6%) chitin was 

obtained. Following dehydration the figure came down to 0.55g and could represent only 

13.8% of the total chitin waste. This crude chitin was further processed for attaining 

colloidal chitin for the production of chitinases. Crude chitin was processed with 

concentrated hydrochloric acid. The 5.0 g crude chitin used for acid treatment yielded 

54g of colloidal chitin which was 1080% of the crude chitin. Shells of the crabs used are 

shown in Figs. 4 .1 and 4.2. 

4.1.1 XRD Analysis of Chitin 

XRD analysis of the control chitins revealed a difference of peak around 25 angle 

which was present only in case of Roth. The sigma chitin had an additional peak around 

50 angle representing the last plateau (Fig. 4.3 a, b). The crude chitin had a very close 

general look with the Sigma, excepting having an additional peak around 29 angle and 

higher intensity of the peak at 43 angle. Whereas, the purified chitin had a mimic pattern 

of XRD analysis with that of Sigma (Fig. 4.3 a,b,c,d). 

4.1.2 Ftir Analysis of Chitin 

FTIR analysis of the two control purified chitin i.e. purchased from Sigma and 

Roth revealed small differences in the percent transmittance up to wave number 1800, 

there after the detailed differences became prominent for a very short segment of wave 

number. An overview throughout wave spectra from 390 upto 1100, however, depicted a 

comparable trend (Fig. 4.4 a, b). The crude as well as purified chitin prepared during 

course of this study had quite much comparable patterns of the percent transmittances 

with more prominent vertical oscillation in case of purified polymer (Figs.4.4 c, d). The 

chitins extracted and purified in this study resemble more closely in term of % 

transmittance to that of Roth as compare to Sigma (Figs.4.4a,b,c,d). 
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FIG. 4.1 Edible Blue Crabs (Callinectus sapidus) used for the 
Isolation of Chitin Polymer 

 

 

FIG. 4.2 Parts of Blue crab (Callinectus sapidus) Ocessed for 
Obtaining Colloidal chitin 
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Fig. 4.3a: XRD analysis of Sigma chitin of crab 
shells 

 

Fig. 4.3b: XRD analysis of Roth chitin of  

crab shells 

  

Fig. 4.3c: XRD analysis of crude chitin extracted 
from crab shells (Callinectes sapidus) 

Fig. 4.3d: XRD of purified chitin extracted from 
crab shells (Callinectes sapidus) 

FIG. 4.3:  XRD Analysis of Sigma (a), Roth (b), Crude (c), and Purified Chitins (d). 
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Fig. 4.4a: FTIR analysis of Sigma chitin of crab 
shells 

 

Fig. 4.4b: FTIR analysis of Roth chitin of 
crab shells 

 

Fig. 4.4c: FTIR of crude chitin extracted from crab 
shells (Callinectes sapidus) 

 

4.4d: FTIR of purified chitin extracted from 
crab shells (Callinectes sapidus) 

FIG. 4.4: Ftir Analysis of Sigma (a), Roth (b), Crude (c) and Purified Chitins (d). 
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4.2 Isolation of Chitinolytic Bacteria  

Eighty four bacterial strains were isolated from different samples comprising dead 

termites, termite affected trees, termites’ mounds, termites affected gardens and termites 

affected fields. Samples were processed on chitin containing selective agar medium. Out 

of the 84 isolated bacterial strains 35 exhibited vivid zones of hydrolysis on 1.0 % chitin 

agar medium at pH 6.0. The maximum ratio of (ZS) and (CS) to the bacterial colony size 

was 5.0 mm (Table 4.1). Colony forming units (C.F.U.) for initial spread inoculation of 

the samples on the selective agar medium were also counted and shown in Table 4.1. 

These isolates were pure cultured on the selective medium intervened by culturing on 

nutrient agar plates. The pure cultures were preserved on FJ medium agar slants. Glycerol 

stocks were also prepared employing growth in FJ broth and were preserved at -20°C. 

4.2.1 Screening of the Bacterial Isolates  

Major concern of this study was to isolate, characterize and identify extra-cellular 

chitinase producing bacteria from local habitats. The bacterial isolates were thus further 

screened on the basis of their chitinolytic activity (Table 4.1). Out of 26 isolates 12 

yielding the highest chitinases were selected for further study. The isolate JF70 yielded 

maximum activity of 301.55 U of chitinase/ml. This was followed by the isolate JF14 

with the enzymatic activity of 295.11 U/ml. The remaining select isolates JF16, JF9, 

JF81, JF68, JF1, JF66, JF20, JF62, JF38 and JF59 could yield up to 281.33 U/ml, 271.33 

U/ml, 231.30 U/ml, 230.21 U/ml, 225.38 U/ml, 216.99 U/ml, 200.52 U/ml, 199.42 U/ml, 

181.06 U/ml and 174..04 U/ml respectively (Table 4.1) following five days of submerged 

cultivation in FJ medium at 37oC. The growth of the chitinolytic bacterial strains was 

expressed in terms of colony forming units per milliliter. 

4.2.2 Thermostability of the Select Bacterial Isolates  

Thermostability of the select isolates was checked by growing them in nutrient 

broth at 40°C, 50°C, 60°C, 70°C and 80°C for 6 h. The isolates showed maximum 

growth at 40°C and gradual decrements at the rising temperatures. However, 

growth/survival at higher temperatures showed thermostability of the isolates. Growth of 

the isolates at different temperatures is given in Table 4.2. 
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4.2.3 Isolation of Thermophilic Chitinolytic Bacteria 

 Samples from hot spring located near the city Chakwal was processed for 

isolation of thermophilic chitinolytic bacteria on FJ medium by incubating the initial 

inoculums at 55°C for 3 days. The isolates were pure cultured and stored in FJ agar slants 

and glycerol stocks as described before. Four thermophilic bacterial strains were isolated. 

Out of four based upon their ZS/CS ratio (ranging from 0.8 to 1.25) three isolates were 

selected for further studies. 

So total fifteen isolates were selected for further study including twelve 

mesophilic and thermostable bacteria and three thermophilic bacteria. 
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Table 4.1: Growth, chitin hydrolysis and the colony size on FJ agar and the enzyme 

units in FJ broth following 5 days of growth at 37oc. 

ISOLATE 
CODE 

FJ AGAR FJ BROTH 
Zone size (mm) 

ZS 
Colony size (mm) 

CS 
ZS/CS C.F.U./ml 

X 106 
Chitinase 
Activity 
(U/ml) 

JF-1 4.2 1.2 3.5 197 225.375 
JF-9 5.0 2.5 2.0 92 271.334 
JF-10 2.3 1.3 1.76 291 173.447 
JF-14 4.0 1.5 2.66 1.52 295.112 
JF-16 1.5 0.75 2.0 0.44 281.334 
JF-20 3.5 1.25 2.8 134 200.516 
JF-24 7.2 4.0 1.8 93 64.849 
JF-25 3.5 1.7 2.05 0.91 73.495 
JF-27 2.0 0.5 4.0 1.31 143.749 
JF-28 2.5 2.0 5.0 96 179.416 
JF-35 4.2 3.2 1.3 1.14 162.318 
JF-38 4.5 2.0 2.25 1.73 181.061 
JF-41 4.0 1.8 2.22 1.36 79.980 
JF-42 3.5 2.0 1.75 1.92 62.687 
JF-47 5.0 1.1 4.5 1.11 162.123 
JF-50 4.0 1.5 2.66 1.51 95.112 
JF-55 3.5 1.0 3.5 1.18 125.375 
JF-57 3.2 0.8 4.0 2.19 143.749 
JF-59 1.5 1.0 1.5 159 174.041 
JF-60 1.5 0.5 3.0 96 108.082 
JF-62 4.0 0.8 5.0 58 199.416 
JF-65 6.0 2.0 3.0 1.52 145.437 
JF-66 5.0 1.5 3.3 76 216.991 
JF-68 2.1 1.0 2.1 156 230.214 
JF-70 4.7 1.6 2.9 1.23 301.548 
JF-81 2.6 3.0 0.8 143 231.295 
JF-82 2.0 2.5 1.2 245 112.174 
JF-83 1.8 2.2 1.2 2.76 98.324 
JF-84 1.5 1.8 0.8 3.4 45.78 
JF-85 2.0 2.5 1.25 7.9 117.651 
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Table 4.2 Growth of the select Mesophilic bacterial isolates following 6 hrs of 

incubation at respective temperatures. 

ISOLATE 

CODE 

TEMPERATURE (°C) 

40 50 60 70 80 

JF1 0.456±0.01 0.175±0.01 0.185±0.01 0.110±0.02 0.095±0.01 

JF9 0.293±0.004 0.222±0.01 0.181±0.004 0.150±0.01 0.128±0.01 

JF14 0.206±0.004 0.238±0.01 0.184±0.002 0.134±0.01 0 

JF16 0.362±0.01 0.153±0.003 0.142±0.001 0.127±0.003 0.113±0.003 

JF20 0.524±0.01 0.138±0.01 0.077±0.002 0.071±0.004 0.068±0.01 

JF38 0.220±0.01 0.145±0.01 0.110±0.003 0.096±0.01 0.103±0.01 

JF59 0.321±0.01 0.206±0.004 0.160±0.001 0.120±0.01 0.096±0.01 

JF62 0.383±0.01 0.356±0.01 0.176±0.002 0.091±0.004 0.071±0.004 

JF66 0.628±0.02 0.130±0.003 0.111±0.004 0.104±0.01 0.091±0.01 

JF68 0.692±0.02 0.177±0.01 0.167±0.01 0.122±0.01 0.078±0.01 

JF70 0.308±0.01 0.147±0.01 0.134±0.002 0.002±0.002 0 

JF81 0.230±0.01 0.181±0.01 0.152±0.01 0.068±0.01 0.002±0.001 

Values represent absorbance of the bacteria cultured in nutrient broth at 600 nm means ± S.E.M. of three 

replicates.  
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FIG. 4.5: Growth of the select Mesophilic Bacterial Isolates at Elevated Temperatures, following 6 hrs of Incubation in Nutrient broth under non-
Aerated Conditions 

 

150 



 
 

 
 

51

4.3 Colony Morphologies of the Bacterial Isolates  

 Morphological characteristics of pure colonies of the bacterial isolates grown on 

nutrient agar are given in Table 4.3, while colony morphologies of the select bacterial 

isolates on FJ medium are given in Table 4.4. The isolates varied in colonial 

characteristics such as margin viz wavy, irregular, smooth and lobate. Majority were off 

white in color. Most of the isolates were found opaque but many were transparent too. 

Different isolates yielded colonies mostly of butyrous consistency. Colony size of the 

isolates varied from <1 to 8 mm. Likewise the isolates also varied in configuration, 

elevation and other features of their colonies on both the agar media (Tables 4.3 and 4.4) 

On FJ medium colonies of all the select isolates appeared off white in color and their 

sizes were small as compared to respective colonies on nutrient agar (Tables 4.3 and 4.4).  

4.4 Biochemical Characterization of the Bacterial Isolates and their 

Identification 

The bacterial isolates showed diverse pattern regarding different characteristics as 

shown in Table 4.5. Of the fifteen (12 thermostable and 3 thermophilic), thirteen isolates 

were found Gram positive and endospore formers and two were Gram negative. All the 

select bacterial isolates utilized fructose, maltose, mannose, xylose and arabinose but 

could not use lactose. While they differ in utilizations of other sugars i-e., sucrose, 

galactose, sachorase, sorbitol and mannitol (Table 4.7).  

 Based upon the phenotypic characteristics i.e. colonial, cell morphological and 

biochemical characteristics such as Gram and endospore stainings, catalase, oxidase, 

motility and oxidation / fermentation tests (Table 4.5), the isolates were identified upto 

genus level by consulting the Bergey’s Manual of Determinative Bacteriology (Holt et 

al., 2000). Accordingly, nine isolates represented Bacillus, two Micrococcus and one 

Stenotrophomonas genera, while all the three thermophilic belonged to the genera 

Anoxybacillus.  

 Bacillus and Micrococcus sp. are well known for production of chitinase 

enzymes. Similarly, Anoxybacillus are known thermophiles.  
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4.4.1 Antibiotic Sensitivity Test 

 Eighteen different antibiotics discs were checked to estimate the sensitivity of the 

isolates. The antibiotics inhibited the growth, forming the clearance zone around the discs 

showing its ability to control the growth of isolate. Size of zone of clearance varied in 

different species. The measurement of clearance zone is given in Table 4.8. Few 

antibiotics could not control the growth of any of the isolate also shown in Table 4.8. 

4.5 Identification of the select Bacterial Isolates by 16S rRNA Gene 

Sequencing 

The select bacterial isolates were characterized on the basis of 16S rRNA gene 

sequencing. PCR products of the bacterial isolates showing 1.5 kb distinct bands 

comparable to respective control in the ladder verified amplification of respective gene. 

Based upon 99% similarity with identified bacteria following BLAST on NCBI the 

isolates were identified and their accession number obtained. The isolate code, their 

percent similarity, GC content and identified species and their accession number are 

given in Table 4.9. 
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Table 4.3:  Colony morphology of Bacterial Isolates  following growth on nutrient 
agar 

Isolate 
code 

Configuration Margin Elevation Consistency Optical 
Feature  

Surface Color Size in 
Diameter 
(mm) 

JF-1 L.form irregular flat butyrous translucent glistening pale 
whitish 

4.91 

JF-2 round with 
irregular 
margin 

 
irregular 

raised butyrous opaque shiny light 
yellow 

3.33 

JF-3 L.form irregular flat butyrous translucent glistening dull 
white 

3.85 

JF-4 round smooth convex butyrous translucent glistening pale 
whitish 

3.14 

JF-5 round with 
raised margin 

irregular raised butyrous opaque glistening off white 2.17 

JF-6 round smooth convex butyrous translucent glistening off white 3.22 
JF-7 round smooth convex butyrous translucent glistening off white 1.68 
JF-8 round with 

raised margin 
smooth raised butyrous opaque wrinkled off white 2.22 

JF-9 round irregular umbonate buyrous opaque dull pale 
whitish 

7.33 

JF-10 wrinkled smooth flat Dry translucent wrinkled off white 3.36 
JF-11 L.form irregular flat butyrous opaque shiny dull 

white 
4.51 

JF-12 round irregular convex butyrous transparent  pale 
whitish 

0.63 

JF-13 round irregular flat butyrous opaque dull pale 
whitish 

4.02 

JF-14 L.form smooth convex butyrous translucent snmooth pale 
whitish 

1.89 

JF-15 filamentous irregular umbonate butyrous translucent dull  3.88 
JF-16 irregular and 

spreading 
irregular flat butyrous opaque rough pale 

whitish 
7.42 

JF-17 irregular and 
spreading 

lobate convex butyrous  opaque glistening pale 
whitish 

2.36 

JF-18 L.form irregular flat butyrous opaque dull off white 6.57 
JF-19 filamentous wavy flat butyrous opaque dull pale 

whitish 
4.27 

JF-20 filamentous branching convex butyrous opaque rough pale 
whitish 

4.03 

JF-21 complex irregular umbonate butyrous translucent dull off white 4.98 
JF-22 round smooth flat mucoid translucent smooth off white 2.81 
JF-23 L.form wavy flat butyrous opaque glistening pale 

whitish 
4.78 

JF-24 round smooth flat butyrous opaque dull pale 
whitish 

5.36 

JF-25 L-form  irregular  raised  butyrous opaque  smooth  off white  3.5 
JF-26 round smooth convex Dry opaque dull off white 1.62 
JF-27 round with 

raised margin 
irregular flat butyrous opaque slightly 

shiny 
off white 3.94 

JF-28 round  irregular  raised  butyrous translucent  smooth  off white  2.0 
JF-29 round with 

raised margin 
smooth convex butyrous opaque glistening yellowish 

white 
2.89 
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JF-30 round with 
raised margin 

smooth raised butyrous opaque shiny off white 3.5 

JF-31 irregular and 
spreading 

lobate flat butyrous opaque shiny off white 4.32 

JF-32 irregular and 
spreading 

lobate flat butyrous opaque dull off white 4.90 

JF-33 irregular and 
spreading 

lobate flat butyrous opaque dull off white 8.15 

JF-34 round with 
raised margin 

smooth raised butyrous opaque shiny off white 4.5 

JF-35 irregular and 
large 

wavy flat butyrous opaque smooth 
and 
shiny 

off white 8.99 

JF-36 round with 
raised margin 

slightly 
wavy 

raised butyrous opaque shiny off white 4.0 

JF-37 filiform irregular raised membranous  translucent dull off white 3.0 
JF-38 

L.form wavy raise 
membranous 
jelly  

translucent dull and 
rough 

off white 2-2.5 

JF-39 round with 
raised margin 

irregular raised membranous opaque smooth off white 2.5 

JF-40 irregular irregular flat membranous opaque little 
shiny 

off white 3-4 

JF-41 L.form wavy flat membranous opaque smooth off white 3.5 
JF-42 

L.form wavy flat membranous opaque 
little 
shiny 

off white 3.2 

JF-43 round with 
raised margin 

irregular flat membranous opaque smooth off white 2.5 

JF-44 round with 
raised margin 

wavy flat membranous opaque smooth off white 3.0 

JF-45 irregular and 
spready 

wavy flat rubbery opaque 
smooth off white 3.5 

JF-46 irregular and 
spready wavy flat membranous opaque 

smooth off white 3.5 

JF-47 round with 
raised margin 

smooth flat butyrous translucent glistening yellowish 2.0 

JF-48 round with 
raised margin 

lobate flat butyrous opaque slightly 
dull 

pale 
whitish 

2.2 

JF-49 irregular and 
spreading 

lobate flat butyrous opaque rough off white 3.0 

JF-50 irregular undulate flat butyrous translucent glistening yellowish 2.5 
JF-51 round smooth convex butyrous translucent glistening off white 3.0 
JF-52 round smooth convex butyrous translucent glistening yellowish 3.5 
JF-53 round with 

raised margin 
smooth convex butyrous translucent shiny off white 2.0 

JF-54 L-form  lobate  flat  membranous  opaque  dull  creamy  2.5 
JF-55 wrinkled lobate raised mucoid opaque rough off white 3.0 
JF-56 round with 

scalloped 
margin 

wavy flat butyrous opaque dull off white 3.65 

JF-57 round  convex Dry opaque dull off white 1.62 
JF-58 irregular and 

spreading 
wavy flat butyrous opaque dull off white 2.0 

JF-59 round  smooth  convex  butyrous  opaque  smooth 
and 
shiny  

yellow  2.75 
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JF-60 round with 
radiating 
margin  

smooth  raised  butyrous  opaque  smooth 
and 
shiny  

yellow  3.25 

JF-61 round with 
raised margin  

smooth  raised  butyrous  opaque  glistening  yellow  3.75 

JF-62 irregular 
margin  

wavy  raised  membranous  opaque  dull  off while  3.0 

JF-63 complex with 
thin margin 

irregular raised butyrous opaque dull off white 4.5 

JF-64 cloudy with 
thin margin 

irregular raised butyrous opaque dull off white 8.0 

JF-65 round smooth raised butyrous opaque shiny off white 2.8 
JF-66 round with 

raised margin 
with less 
prominent 
nucleus 

smooth flat butyrous translucent shiny light 
yellow 

1.5 

JF-67 round with 
raised margin 
with prominent 
nucleus 

smooth flat butyrous translucent shiny yellow 1.8 

JF-68 irregular lobate convex butyrous translucent slightly 
shiny 

off white  4.0 

JF-69 round with 
irregular 
margin 

irregular raised buyrous opaque rough off white 2.25  

JF-70 round with 
irregular 
margin 

 
lobate 

raised butyrous opaque dull off white 2.30 

JF-71 round with 
irregular 
margin 

irregular flat butyrous opaque  
slightly 
shiny 

off white 2.5 

JF-72 round with 
raised margin 

smooth convex butyrous opaque glistening light 
yellow 

2.8 

JF-73 round with 
irregular 
margin 

irregular flat membranous opaque dull off white 2.0 
 
 

JF-74 wrinkled irregular flat membranous opaque dull off white 3.0 
JF-75 round smooth raised membranous opaque dull off white 2.0 
JF-76 round with 

irregular margin 
irregular flat membranous opaque dull off white 2.5 

JF-77 complex lobate raised butyrous opaque dull off white 3.0 
JF-78 round smooth raised membranous opaque dull off white 3.0 
JF-79 round with 

irregular 
margin 

irregular flat membranous opaque dull off white 2.0 

JF-80 round smooth raised membranous opaque dull off white 2.5 
JF-81 round with 

raised margin 
smooth convex butyrous opaque glistening yellow 1.0 

JF82 round irregular convex butyrous opaque  dull off white 2.2 
JF83 round with 

raised margin 
almost 
smooth 

raised creamy translucent little 
shiny 

off white 2.0 

JF84 round smooth convex butyrous opaque dull off white 2.0 
JF85 round with 

raised margin 
irregular convex butyrous opaque dull off white 2.5 



 
 

 
 

56

Table 4.4: Colony morphology of the select bacterial isolates following growth on 

the FJ agar medium. 

Isolate 
code 

Configuration Margin Elevation Consistency Density Surface Color Size 

JF-1 irregular and 
spreading 

irregular raised creamy opaque 
 

dull off 
white  

0.4 

JF-9 irregular and 
spreading 

irregular flat creamy opaque dull off 
white  

0.36 

JF-14 filiform lrregular flat creamy opaque rough off 
white  

1.1 

JF-16 round with 
irregular 
margin 

irregular flat creamy translucent dull off 
white  

1.5 

JF-20 cloudy and 
highly 
irregular 

irregular flat creamy translucent rough off 
white  

2.1 

JF-38 decentralized 
one sided 
branches 

irregular flat dry opaque dull off 
white  

1.0 

JF-59 round with 
prominent 
convex 
nucleus 

branching convex creamy transparent shiny off 
white  

0.3 

JF-62 irregular with 
radiating 
margin 

branching flat dry translucent  rough  off 
white  

1.2 

JF-66 round  smooth raised creamy transparent  shiny  off 
white  

0.3 

JF-68 irregular and 
spreading 
filiform 

irregular flat creamy translucent  dull  off 
white  

3.2 

JF-70 filiform  irregular raised creamy opaque little 
shiny 

off 
white  

1.4 

JF-81 round with 
dark 
prominent 
nucleus 

smooth convex creamy transparent glistening  off 
white  

0.32 

JF82 irregular  irregular  raised  butyrous  opaque  little 
shiny  

off 
white  

1.2 

JF83 spreading 
margin  

wavy  raised  butyrous  opaque  shiny  off 
white  

1.0 

JF85 irregular 
margin  

irregular  raised  butyrous  opaque  shiny  off 
white  

1.4 
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Table 4.5: Physiobiochemical characterization of the select Bacterial Isolatesa 

Isolate  Gram staining Cell/shape Endospore staining Oxidase test 

JF-1 + ve Rods + ve + ve 

JF-9 + ve Rods + ve + ve 

JF-14 + ve Rods + ve + ve 

JF-16 + ve  Rods + ve + ve 

JF-20 + ve  Rods + ve + ve 

JF-38 + ve Rods + ve + ve 

JF-59 - ve Cocci - ve - ve 

JF-62 + ve Rods + ve + ve 

JF-66 + ve Rods + ve + ve 

JF-68 + ve Rods  + ve - ve 

JF-70 + ve Rods + ve +ve 

JF-81 - ve Cocci - ve - ve 

JF-82 + ve Rods + ve + ve 

JF-83 + ve Rods + ve + ve 

JF-84 + ve Rods + ve + ve 

JF-85 + ve Rods + ve + ve 

a: All the isolates were motile nd positive for catalase and casein hydrolyse while negative for sulfate 

reduction. 
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Table 4.6: Biochemical test for identification of isolates 

Isolate 

code 

Growth in 

anaerobic 

 

nitrate 

Reduction 

 

Citrate 

Utilization 

 

Voges -

proskauer 

 

Starch 

Hydrolysis 

 

gelatin 

hydrolysis 

Methyl 

red 

test 

Genus  

identification 

JF-1 + + - + + + - Bacillus  

JF-9 + + - + + + - Bacillus  

JF-14 + + - + + + - Bacillus  

JF-16 + + - + + + - Bacillus 

JF-20 + + - + + + - Bacillus 

JF-38 + + - + + + + Bacillus 

JF-59 + + - - + + + Micrcoccus 

JF-62 + + - - + + + Bacillus 

JF-66 + + + - - + + Stenotrophomonas 

JF-68 + + + + + + - Bacillus 

JF-70 + + - + - + - Bacillus 

JF-81 + + - - + + - Microccus 

JF-82 + + - - + + - Anoxybacillus 

JF83 + - - - + - - Anoxybacillus 

JF85 + - - - + - - Anoxybacillus 
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Table 4.7: Sugars utilization ability of the select Bacterial Isolates 

Isolate 

code 
Fructose Lactose Maltose Sucrose Galactose Mannose Xylose Sachorose Sorbitol Mannitol Arabinose 

JF-1 + - + + + + + + - - + 

JF-9 + - + + + + + - - - + 

JF-14 + - + + + + + + - - + 

JF-16 + - + + + + + + - - + 

JF-20 + - + + + + + + - - + 

JF-38 + - + + + + + + + - + 

JF-59 + - + + + + + - - - + 

JF-62 + - + + + + + + - - + 

JF-66 + - + + + + + - - - + 

JF-68 + - + + + + + - - - + 

JF-70 + - + + + + + - - - + 

JF-81 + - + + + + + + - - + 

JF-82 + - + - - + + + + + + 

JF-83 + - + - - + + + + + + 

JF-85 + - + - - + + + + + + 
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Table 4.8: Antibiotic Sensitivity Pattern of the Bacterial Species 

Isolate 
code 

MET CN NA PB CXM CRO ATM NV B RD MTZ VA P W C CL E S 

JF-1 a 12b 20 b 9 b a a a  18 b a 11 b a 15 b a a 20 b a 22 b 16 b 

JF-9  a 16 b 20 b 8 b  a  a a 16 b 8 10 b a 12 b a a 18 b a 18 b 15 b 

JF-14  a 16 b 26 b 9 b  a  a  a 17 b a 11 b a 18 b a a 26 b a 26 b 21 b 

JF-16  a 15 b 21 b 10 b  a  a  a 18 b a 12 b a 18 b a a 20 b a 28 b 20 b 

JF-20  a 14 b 18 b 8 b  a  a  a 16 b a 10 b a 15 b 10 b a 18 b a 10 b 14 b 

JF-38  a 15 b 22 b 8 b  a  a  a 18 b a 12 b a 18 b 12 b a 20 b a 18 b 18 b 

JF-59 9 18 b 10 b 13 b  a  a  a 36 b 20 b 28 b 8 20 b 10 b 24 

b 
30 b 10 

b 
36 b 24 b 

JF-62  a 14 b 22 b 10 b  a  a 10 b 18 b 8 8 b 8 15 b 12 b a 18 b a 16 b 15 b 

JF-66  a A 22 b 10 b  a  a  a A a a a 10 b a a 28 b a 12 b 14 b 

JF-68  a 18 b 25 b 8 b  a  a  a 19 b 8 13 b a 16 b 12 b a 22 b a 16 b 16 b 

JF-70  a 12 b 16 b 10 b  a  a  a 14 b a 10 b a 15 b a a 20 b a 20 b 16 b 

JF-81  a 12 b 18 b 12 b  a  a  a 18 b 18 b 18 b a 24 b a a 22 b a 12 b 8 b 

JF-82 -                  

JF-83 -                  

JF-85 -                  

a: The bacteria were resistant to the drug. 

b:Values indicate diameter of zone of growth inhibition in millimeter (mm) around the 6.0 mm diameter 
antibiotic discs
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FIG. 4.6A: Chitinase Hydrolysis (Arrow) by Bacillus cereus JF1 on 
FJ Agar (pH 6) following 72 hrs of Incubation at 37 OC 

 

 

FIG. 4.6B: Growth Of Bacillus cereus JF1 On Nutrient Agar 
Medium Following 24 Hrs Of Incubation At 37°C 
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FIG. 4.7A: Chitinase Hydrolysis (Arrow) By Bacillus licheniformis 

JF-38 On FJ Agar (pH 6) Following 72 Hrs Of Incubating At 37oc 

  

 

FIG. 4.7B: Growth Of Bacillus licheniformis JF38 On Nutrient Agar 
Medium Following 24 Hrs Of Incubation At 37°C 
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FIG. 4.8A: Chitinase Hydrolysis Arrow By Stenotrophomonas 
maltophilia  JF66 On FJ Agar (pH 6) Following 72 Hrs Of 
Incubating At 37oc 

  

 

FIG. 4.8B: Growth of Stenotrophomonas maltophilia JF66 On 
Nutrient Agar Medium Following 24 Hrs Of Incubation At 37°C 
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FIG. 4.9A. Chitinase Hydrolysis Arrow by Anoxybacillus beppuensis  
JF82 On FJ Agar (pH 6) Following 72 Hrs Of Incubating At 55oc 

 

 

FIG. 4.9B: Growth of Anoxybacillus beppuensis JF82 on Nutrient 
Agar Medium Following 24 Hrs of Incubation At 55°C 
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FIG. 4.10A: Chitinase Hydrolysis Arrow By Anoxybacillus rupiensis 
JF83  on FJ  Agar (pH 6) Following 72 Hrs Of Incubating At 55oc 

  

 

FIG. 4.10B: Growth of Anoxybacillus rupiensis JF83 On Nutrient 
Agar Medium Following 24 Hrs of Incubation At 55°C 
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FIG. 4.11A: Growth of Anoxybacillus rupiensis JF85 On Nutrient 
Agar Medium Following 72 Hrs of Incubation At 55°C 

 

 

FIG. 4.11B: Growth of Anoxybacillus rupiensis JF85 On Nutrient Agar 
Medium Following 24 Hrs of Incubation At 55°C 
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Table 4.9:  Identification of bacterial isolates by 16s rRNA sequencing and their 
accession number 

ISOLATE 
CODE 

GC 
CONTENT 

% SIMILARITY IDENTIFICATION 
ACCESSION 

NO. 

JF-1 52.770 99 Bacillus cereus KC849454 

JF-9 53.310 99 Bacillus cereus KF234448 

JF-14 53.436 99 Bacillus cereus KF424267 

 

JF-16 53.463 99 Bacillus cereus KF234449 

JF-20 53.328 99 Bacillus cereus KF234450 

JF-38 55.234 99 Bacillus 
licheniformis 

KC823047 

JF-59 A 97 Micrococcus sp. - 

JF-62 55.241 99 Bacillus 
licheniformis 

KF053203 

JF-66 54.172 99 Stenotrophomonas 
maltophilia 

KC849451 

JF-68 53.585 99 Bacillus cereus KC849453 

JF-70 53.412 99 Bacillus cereus KF234451 

JF-81 A 97 Micrococcus sp. - 

JF-82 56.596 99 Anoxybacillus 
beppuensis  

KF254911 

 

JF-83 56.754 99 Anoxybacillus 
rupiensis 

KC849452 

JF-85 56.854 99 Anoxybacillus 
rupiensis 

KF254912 

 

a: The test was not performed.  
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4.6 Bacterial Growth and Chitinase Production Optima 

 The select bacterial species were optimized for their growth, chitinase production 

and soluble extracellular protein yield in chitin containing (FJ medium). The isolates 

were optimized for initial pH level, incubation temperature and nitrogen source. The 

bacterial cultures were processed for determining C.F.U., chitinolytic activity and 

extracellular protein and change in pH following 5 days incubations at 140 rpm and 

respective conditions.  

4.6.1 Optimization of pH: 

Effect of different initial pH on cell growth, chitinase production and soluble 

extracellular protein yield of the select bacterial species was following 5 days incubation 

at 37oC and 140 rpm. Brief description of each bacterial species is given below: 

4.6.1.1 B. cereus JF1 

Maximum chitinase production by B. cereus JF1 was observed at initial pH 6. 

However, significant and comparable amounts of the enzyme were also produced at pH 5 

and 7 and could attain 97.94% and 97.2% of the level obtained at pH 6, respectively.  

Maximum specific activity observed was 10.914 U/g at pH 8. The bacterial growth could 

approach C.F.U. of 125×104/ml following inoculation in the FJ medium with initial pH 9. 

While highest growth up to 263×106 C.F.U. was recorded in case of 5 pH. Growth of the 

bacterium remained within the two levels mentioned (Table 4.10; Fig 4.12). 

4.6.1.2 B. cereus JF9 

Maximum chitinase production by B. cereus JF9 was observed at initial pH6. 

However, significant amount of enzyme was also produced at pH 5 and 7 and could attain 

94.37% and 94.37% of the level obtained at 6 pH, respectively.  Maximum specific 

activity observed was 9.425 U/g at pH 7. The bacterial growth could approach C.F.U. of 

21.7× 104 /ml following inoculation in the FJ medium with initial pH 4. While highest 

growth upto 43×106 C.F.U. was recorded in case of 6 pH. Growth of the bacterium 

remained within the two levels mentioned (Table 4.11; Fig 4.13). 
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4.6.1.3 B. cereus JF14 

Maximum chitinase production by B. cereus JF14 was observed at initial pH 5. 

However, significant to appreciable amounts of the enzymes were also produced at pH 6 

and 7 and could attain 94.5% and 77.74% of the level obtained at pH 5, respectively.  

Maximum specific activity observed was 5.529 U/g at pH 5. The bacterial growth could 

approach C.F.U. of 14.6 × 104 /ml following inoculation in the FJ medium with initial pH 

4. While highest growth upto 39×106 C.F.U. was recorded in case of 9 pH. Growth of the 

bacterium remained within the two levels mentioned (Table 4.12; Fig 4.14). 

4.6.1.4 B. cereus JF16 

Maximum chitinase production by B. cereus JF16 was observed at initial pH 6. 

However, appreciable amounts of the enzymes were also produced at pH 7 and 5 and 

could attain 89.46% and 88.8% of the level obtained at pH 6, respectively.  Maximum 

specific activity observed was 11.549 U/g at pH 8. The bacterial growth could approach 

C.F.U. of 18.5× 104 /ml following inoculation in the FJ medium with initial pH 4. While 

highest growth upto 39×106 C.F.U. was recorded in case of 6 pH. Growth of the 

bacterium remained within the two levels mentioned (Table 4.13; Fig 4.15). 

4.6.1.5 B. cereus JF20 

Maximum chitinase production by B. cereus JF20 was observed at initial pH 5. 

However, significant amount of enzyme was also produced at pH 6 and could attain 

92.7% 0f the level obtained at 5 pH.  Maximum specific activity observed was 7.582 U/g 

at pH 8. The bacterial growth could approach C.F.U. of 123 × 104 /ml following 

inoculation in the FJ medium with initial pH 4. While highest growth up to 245 ×106 

C.F.U. was recorded in case of 7 pH. Growth of the bacterium remained within the two 

levels mentioned (Table 4.14; Fig 4.16). 

4.6.1.6 B. licheniformis JF38 

Maximum chitinase production by B. licheniformis JF38 was observed at initial 

pH 5. However, no comparable amount of enzyme was produced at other pH values.  

Maximum specific activity observed was 6.16 U/g at pH 5. The bacterial growth could 

approach C.F.U. of 118 × 104 /ml following inoculation in the FJ medium with initial pH 
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9. While highest growth upto 141×106 C.F.U. was recorded in case of pH 5. Growth of 

the bacterium remained within the two levels mentioned (Table 4.15; Fig 4.17). 

4.6.1.7 micrococcus sp. JF59 

Maximum chitinase production by Micrococcus sp. JF59 was observed at initial 

pH 8. However, significant amount of enzyme was also produced at pH 9 and 7 and could 

attain 97.76% and 90.48% of the level obtained at pH 8, respectively.  Maximum specific 

activity observed was 7.311 U/g at pH 9.  The bacterial growth could approach C.F.U. of 

236 × 104 /ml following inoculation in the FJ medium with initial pH 4. While highest 

growth upto 187×106 C.F.U. was recorded in case of pH 7. Growth of the bacterium 

remained within the two levels mentioned (Table 4.16; Fig 4.18). 

4.6.1.8 B. licheniformis JF62 

Maximum chitinase production by B. licheniformis JF62 was observed at initial 

pH 6. However, significant amount of enzyme was also produced at pH 5 and 4 and could 

attain 99.2% and 87.29% of the level obtained at pH 6, respectively.  Maximum specific 

activity observed was 7.26 U/g at pH 4. The bacterial growth could approach C.F.U. of 

132 × 104 /ml following inoculation in the FJ medium with initial pH 9. While highest 

growth upto 287×106 C.F.U. was recorded in case of pH 5. Growth of the bacterium 

remained within the two levels mentioned (Table 4.17; Fig 4.19). 

4.6.1.9 S. maltophilia JF66 

Maximum chitinase production by S. maltophilia JF66 was observed at initial pH 

6. However, significant amount of enzyme was also produced at pH 7and could attain 

91.97% of the level obtained at pH 6.  Maximum specific activity observed was 6.163 

U/g at pH 9. The bacterial growth could approach C.F.U. of 116x 102 /ml following 

inoculation in the FJ medium with initial pH 4. While highest growth up to 293x108 

C.F.U. was recorded in case of pH 6. Growth of the bacterium remained within the two 

levels mentioned (Table 4.18; Fig 4.20). 

4.6.1.10 B. cereus JF68 

Maximum chitinase production by B. cereus JF68 was observed at initial pH 7. 

However, significant amount of enzyme was also produced at pH 8and could attain 
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78.31% of the level obtained at pH 7, respectively.  Maximum specific activity observed 

was 7.17 U/g at pH 8. The bacterial growth could approach C.F.U. of 206x 104 /ml 

following inoculation in the FJ medium with initial pH 4. While highest growth upto 

219x108 C.F.U. was recorded in case of pH 7. Growth of the bacterium remained within 

the two levels mentioned (Table 4.19; Fig 4.21). 

4.6.1.11  B. cereus  JF70 

Maximum chitinase production by B. cereus JF70 was observed at initial pH 5. However, 

no comparable amount of enzyme was produced at other pH values.  Maximum specific 

activity observed was 6.658 U/g at pH 5. The bacterial growth could approach C.F.U. of 

86 × 104 /ml following inoculation in the FJ medium with initial pH 4. While highest 

growth upto 295 ×106 C.F.U. was recorded in case of pH 5. Growth of the bacterium 

remained within the two levels mentioned (Table 4.20; Fig 4.22). 

4.6.1.12. micrococcus sp. JF81 

Maximum chitinase production by Micrococcus sp. JF81 was observed at initial 

pH 8. However, significant amount of enzyme was also produced at pH 7, 9 and 6 and 

could attain 96.69%, 95.04 and 93.13% of the level obtained at pH 8, respectively.  

Maximum specific activity observed was 6.576 U/g at pH 9. The bacterial growth could 

approach C.F.U. of 273×104 /ml following inoculation in the FJ medium with initial pH 

4. While highest growth upto 243x108 C.F.U. was recorded in case of pH 8. Growth of 

the bacterium remained within the two levels mentioned (Table 4.21; Fig 4.23). 

4.6.1.13  A. beppuensis JF82 

Maximum chitinase production by A. beppuensis JF82 was observed at initial pH 

6. However, significant amount of enzyme was also produced at pH 5 and 7 and could 

attain 97.35 and 96.39 of the level obtained at pH 6, respectively.  Maximum specific 

activity observed was 6.642 U/g at pH 5. The bacterial growth could approach C.F.U. of 

259×102 /ml following inoculation in the FJ medium with initial pH 4. While highest 

growth upto 132x106 C.F.U. was recorded in case of pH 6. Growth of the bacterium 

remained within the two levels mentioned (Table 4.22; Fig 4.24). 
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4.6.1.14  A. rupiensis JF83 

Maximum chitinase production by A. rupiensis JF83 was observed at initial pH 7. 

However, significant amount of enzyme was also produced at pH 7, 9 and 6 and could 

attain 88.73 and 95.36% of the level obtained at pH 7, respectively.  Maximum specific 

activity observed was 6.642 U/g at pH 5. The bacterial growth could approach C.F.U. of 

259x102 /ml following inoculation in the FJ medium with initial pH 4. While highest 

growth upto 232x106 C.F.U. was recorded in case of pH 7. Growth of the bacterium 

remained within the two levels mentioned (Table 4.23; Fig 4.25). 

4.6.1.15  A. rupiensis JF85 

Maximum chitinase production by A. rupiensis JF85 was observed at initial pH 6. 

However, significant amount of enzyme was also produced at pH 7 and could attain 

90.61% of the level obtained at pH 6, respectively.  Maximum specific activity observed 

was 5.883 U/g at pH 6. The bacterial growth could approach C.F.U. of 289x 102 /ml 

following inoculation in the FJ medium with initial pH 4. While highest growth upto 

37x106 C.F.U. was recorded in case of pH 6. Growth of the bacterium remained within 

the two levels mentioned (Table 4.24; Fig 4.26). 
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Table 4.10:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus Cereus JF1 after 5 days of incubation 
at 37oc and 140 rpm 

Initial 
pH 

C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular protein 

(mg/ml) 
Final 
pH 

4 1.39 x 106c 340.82 ± 1.47b 0.046 ± 0.001bc 6.17bc 

5 263 x 106a 440.71 ± 5.59a 0.049 ± 0.01ab 5.90d 

6 56 x 106b 449.98 ± 2.30a 0.054 ± 0.00a 5.77cd 

7 32 x 106b 437.37 ± 5.59a 0.045 ± 0.001c 6.46ab 

8 48 x 106b 349.26 ± 2.81b 0.032 ± 0.0002d 6.50ab 

9 1.25 x 106c 283.54 ± 3.61c 0.026 ± 0.012e 6.97a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.12: Effect of pH on specific and relative activities of Chitinase produced by 
Bacillus cereus JF1 following 5 days of incubation at 37°c and 140 rpm 
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Table 4.11:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus cereus JF9 following 5 days of 
incubation at 37°c and 140 rpm 

Initial 
pH 

C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular protein 

(mg/ml) 
Final 
pH 

4 0.217 x 106c 247.508 ± 3.06d 0.033 ± 0.002b 4.65e 

5 19.5 x 106a 405.308 ± 7.51ab 0.045 ± 0.002a 6.07d 

6 43 x 106b 429.446 ± 2.61a 0.046 ± 0.0014a 6.16c 

7 15.3 x 106a 405.308 ± 7.51ab 0.043 ± 0.002a 6.76b 

8 18.2 x 106a 386.213 ± 6.08b 0.043 ± 0.002a 6.11d 

9 0.293 x 106c 318.842 ± 4.17c 0.042 ± 0.002ab 7.01a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.13: Effect of pH on specific and relative activities of Chitinase produced by 
Bacillus cereus JF9 following 5 days of incubation at 37oc and 140 rpm. 
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Table 4.12:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus cereus JF14 following 5 days of 
incubation at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 0.146 x 106b 287.858 ± 3.47bc 0.062 ± 0.0041ab 4.93f 

5 13.9 x 106a 398.102 ± 5.68a 0.072 ± 0.0033a 5.63e 

6 11.6 x 106a 376.330 ± 2.81a 0.053 ± 0.001b 6.47c 

7 0.02 x 106b 309.523 ± 5.64b 0.030 ± 0.0011c 6.43d 

8 0.19 x 106b 269.124 ± 3.85c 0.050 ± 0.001b 6.92b 

9 39 x 106b 219.562 ± 4.60d 0.058 ± 0.001b 7.26a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.14: Effect of pH on specific and relative activities of Chitinase produced by 
Bacillus cereus JF14 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.13:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus cereus JF16 following 5 days of 
incubation at 37°c and 140 rpm 

Initial 
pH 

C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular protein (mg/ml) 

Final 
pH 

4 0.18 x 106c 364.597 ± 2.41d 0.053 ± 0.001a 4.66e 

5 14.1 x 106a 440.254 ± 2.41b 0.058 ± 0.001a 5.39c 

6 39 x 106b 495.736 ± 2.99a 0.055 ± 0.001a 6.18b 

7 18.6 x 10a6 443.496 ± 5.91b 0.044 ± 0.001b 6.15b 

8 38 x 106b 392.698 ± 2.06c
 0.034 ± 0.001c 6.57a 

9 0.28 x 106ca 338.297 ± 3.85e 0.031 ± 0.002c 7.15d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.15: Effect of pH on specific and relative activities of Chitinase produced by 
Bacillus cereus Jf16 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.14:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus cereus JF20 following 5 days of 
incubation at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 129 x 102b 344.061 ± 3.28d 0.051 ± 0.004b 4.87c 

5 263 x 104a 453.944 ± 2.34a 0.076 ± 0.0021a 5.9b 

6 276 x 104a 420.799 ± 4.82b 0.077 ± 0.0012a 5.77b 

7 32 x 104ab 395.940 ± 2.30c 0.053 ± 0.0019b 6.46a 

8 48 x 102b 333.613 ± 5.20d 0.044 ± 0.002b 6.5a 

9 125 x 10c 268.764 ± 4.73e 0.041 ± 0.0031b 6.97a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.16: Effect of pH on specific and relative activities of Chitinase produced by 
Bacillus cereus JF20 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.15:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus lichemformis  JF 38 following 5 days of 
incubation at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 1.68 x 106c 346.223 ± 1.56bc 0.077 ± 0.008ab 4.89d 

5 141 x 106a 492.854 ± 2.33a 0.080 ± 0.002a 6.03c 

6 132 x 106a 362.795 ± 6.92b 0.066 ± 0.002bc 6.73b 

7 72 x 106ab 341.539 ± 7.13bc 0.060 ± 0.0033cd 6.93b 

8 36 x 106b 324.967 ± 7.14cd 0.063 ± 0.0014cd 7.41a 

9 1.18 x 106c 292.542 ± 5.40d 0.054 ± 0.0011d 7.32a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05 

  

 

FIG. 4.17: Effect of pH on specific and relative activities of Chitinase produced by 
B. licheniformis JF38 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.16: Effect of different pH on growth, chitinase production and 
extracellular protein of Micrococcus sp. JF59 following 5 days incubation at 
37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular protein 

(mg/ml) 
Final pH 

4 2.36 x 106d 220.848 ± 4.62e 0.050 ± 0.001c 4.36f 

5 298 x 106c 261.198 ± 3.07d 0.051 ± 0.001c 5.32e 

6 190 x 106c 354.869 ± 4.04c 0.067 ± 0.001ab 6.21d 

7 18700 x 106a 398.462 ± 6.37b 0.073 ± 0.0012a 7.12c 

8 8100 x 106b 433.769 ± 5.45a 0.078 ± 0.001a 7.39b 

9 3900 x 106b 424.042 ± 3.86ab 0.058 ± 0.01bc 8.16a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05 

 

 

FIG. 4.18: Effect of pH on specific and relative activities of Chitinase produced by 
Micrococcus sp. JF59 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.17:  Effect of different pH on growth, chitinase production and 
extracellular protein of Bacillus licheniformis JF62 following 5 days of 
incubation at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular protein 

(mg/ml) 
Final pH 

4 1.43 x 106d 333.973 ± 5.17b 0.046 ± 0.0003cd 4.57e 

5 287 x 106b 379.728 ± 4.39a 0.061 ± 0.001a 5.98d 

6 181 x 106a 382.610 ± 3.18a 0.060 ± 0.0012ab 6.52c 

7 93 x 106c 273.447 ± 6.11c 0.057 ± 0.0024ab 6.85bc 

8 109 x 106ab 269.484 ± 4.33c 0.051 ± 0.001bc 7.28a 

9 1.32 x 106d 229.494 ± 1.79d 0.042 ± 0.0021d 7.12ab 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.19: Effect of pH on specific and relative activities of Chitinase produced by 
B. licheniformis JF62 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.18:  Effect of different pH on growth, chitinase production and 
extracellular protein of Stenotrophomonas maltophilia JF66 following 5 
days of incubation at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 0.015 x 106e 31.344 ± 3.85d 0.024 ± 0.00081d 5.07e 

5 149 x 106c 288.219 ± 8.13c 0.051 ± 0.00081c 5.87d 

6 29300 x 106a 390.536 ± 3.32a 0.071 ± 0.002a 6.53c 

7 1600 x 106b 359.193 ± 4.24b 0.066 ± 0.0027b 6.59b 

8 88 x 106c 297.586 ± 4.73c 0.051 ± 0.0012c 6.89a 

9 2.82 x 106d 283.535 ± 3.32c 0.046 ± 0.0019c 6.52bc 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.20: Effect of pH on specific and relative activity of Chitinase produced by 
Stenophomonas maltophilia JF66 following 5 days of incubation at 37oc and 140 
rpm. 



82 
 

 
 

Table 4.19:  Effect of different pH on growth, chitinase production and 
extracellular protein by Bacillus cereus JF68 following 5 days of incubation 
at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 2.06 x 106d 436.651 ± 7.19d 0.074 ± 0.0014c 4.97e 

5 158 x 106b 467.995 ± 1.35cd 0.082 ± 0.001b 5.59c 

6 18600 x 106a 496.817 ± 4.60bc 0.087 ± 0.001a 6.29d 

7 21900 x 10a 659.300 ± 6.68a 0.098 ± 0.0011a 6.61c 

8 216 x 106b 516.272 ± 6.78b 0.072 ± 0.0014c 6.97b 

9 63 x 106c 360.994 ± 3.67e 0.063 ± 0.0014d 7.43a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.21: Effect of pH on specific and relative activities of Chitinase produced by 
B. cereus JF68 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.20:  Effect of different pH on growth chitinase production and extracellular 
protein of Bacillus cereus JF70 following 5 days of incubation at 37°c 
and 140 rpm 

Initial pH C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 0.86 x 106c 358.112 ± 1.28bc 0.066 ± 0.0052bc 4.82f 

5 295 x 106a 552.659 ± 4.39a 0.083 ± 0.001a 5.93e 

6 98 x 106ab 379.728 ± 2.30b 0.076 ± 0.002ab 6.8d 

7 66 x 106ab 365.482 ± 10.57b 0.071 ± 0.0003ab 7.12c 

8 45 x 106b 327.849 ± 5.73cd 0.066 ± 0.0003bc 7.32b 

9 15 x 106b 319.962 ± 4.62d 0.054 ± 0.0022c 7.24a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.22: Effect of pH on specific and relative activities of Chitinase produced by 
B. cereus JF70 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.21:  Effect of different pH on growth, chitinase production and 
extracellular protein of Micrococcus sp. JF81 following 5 days of 
incubation at 37°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 2.73 x 106c 279.572 ± 5.73c 0.054 ± 0.0021c 4.49f 

5 271 x 106b 348.745 ± 1.79b 0.061 ± 0.001bc 5.28e 

6 182 x 106b 405.668 ± 3.07a 0.072 ± 0.003ab 6.15d 

7 19200x 106a 421.160 ± 4.73a 0.071 ± 0.0012ab 7.16c 

8 24300 x 106a 435.570 ± 11.48a 0.075 ± 0.0005a 7.28b 

9 13200 x 106a 413.947 ± 4.65a 0.067 ± 0.0022ab 7.98a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG. 4.23: Effect of pH on specific and relative activities of Chitinase produced by 
Micrococcus sp. JF81 following 5 days of Incubation at 37oc and 140 rpm. 
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Table 4.22:  Effect of different pH on growth, chitinase production and 
extracellular protein of Anoxybacillus beppuensis JF82 following 5 days 
of incubation at 55°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase activity 

(U/ml) 
Extracellular 

protein (mg/ml) 
Final pH 

4 129 x 102 b 240.8187±2.63b 0.046±0.02b 4.87c 

5 263 x 104 a 340.7053±8.39a 0.049±0.02b 5.9b 

6 276 x 104a 349.9813±9.41a 0.054±0.003a 5.77b 

7 32 x 104 a 337.372±5.23a 0.045±0.001b 6.46a 

8 48 x 102 b 242.594±2.97b 0.032±0.001c 6.5a 

9 125 x 10 c 183.535±10.41c 0.026±0.01d 6.97a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

FIG. 4.24: Effect of pH on specific and relative activities of Chitinase produced by 
A. beppuensis JF82 following 5 days of Incubation at 55oc and 140 rpm. 
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Table 4.23:  Effect of different pH on growth, chitinase production and 
extracellular protein of Anoxybacillus rupiensis jf83 following 5 days of 
incubation at 55°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase 

activity (U/ml) 
Extracellular protein 

(mg/ml) 
Final pH 

4 259 x 102 c 245.71±10.94b 0.043±0.001b 4.89c 

5 298 x 104 b 345.43±14.39a 0.052±0.001a 5.96b 

6 76 x 106 a 371.27±4.31a 0.059±0.04a 6.77b 

7 132 x 106 a 389.32±9.86a 0.063±0.002a 6.58b 

8 48 x 104 b 289.39±3.74b 0.046±0.01b 6.71b 

9 295 x 102 c 201.64±1.13c 0.036±0.001c 7.37a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

FIG. 4.25: Effect of pH on specific and relative activities of Chitinase produced by 
A. rupiensis JF83 at 55oc and 140 rpm after 5 days. 
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Table 4.24:  Effect of different pH on growth, chitinase production and 
extracellular protein of Anoxybacillus rupiensis JF85 following 5 days 
of incubation at 55°c and 140 rpm 

Initial pH C.F.U./ml 
Chitinase activity 

(U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

4 289 x 102 c 205.31±3.94c 0.039±0.001c 4.68d 

5 143 x 104 b 245.63±9.23b 0.047±0.001b 5.91c 

6 37 x 106 a 341.37±7.41a 0.058±0.004a 6.86b 

7 239 x 104 b 309.32±6.23a 0.053±0.02a 6.51bc 

8 42 x 104 bc 279.93±11.29b 0.049±0.01b 6.96b 

9 297 x 102 c 221.66±4.26b 0.041±0.001b 7.69a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

FIG. 4.26: Effect of pH on specific and relative activities of Chitinase produced by 
A. rupiensis JF85 at 55oc and 140 rpm after 5 days. 
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4.6.2 Optimization of Temperature 

Effect of different temperatures on growth, chitinase production and extracellular 

protein of various isolates was studied. Brief description of every isolate is as under: 

4.6.2.1 B. cereus JF1 

Chitinase production up to 641.65 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 76.87% reduction in the yield was recorded. Maximum specific 

activity observed was 7.23 U/g at 45 °C (Table 4.25; Fig 4.27). 

4.6.2.2 B. cereus JF9 

Chitinase production up to 557.34 U/ml was achieved at 40°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 76.66% reduction in the yield was recorded. Maximum specific 

activity observed was 7.618U/g at 45°C (Table 4.26; Fig 4.28). 

4.6.2.3 B. cereus JF14 

Chitinase production up to 703.97 U/ml was achieved at 40°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 74.87% reduction in the yield was recorded. Maximum specific 

activity observed was 8.68 U/g at 45°C (Table 4.27; Fig 4.29). 

4.6.2.4 B. cereus JF16 

Chitinase production up to 573.2 U/ml was achieved at 40°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 76.87% reduction in the yield was recorded. Maximum specific 

activity observed was 6.78 U/g at 45°C (Table 4.28; Fig 4.30). 

4.6.2.5 B. cereus JF20 

Chitinase production up to 498.62 U/ml was achieved at 40°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 70.74% reduction in the yield was recorded. Maximum specific 

activity observed was 13.46U/g at 20°C (Table 4.29; Fig 4.31). 
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4.6.2.6 B. licheniformis JF38 

Chitinase production up to 612.10 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 61.57% reduction in the yield was recorded. Maximum specific 

activity observed was 9.8U/g at 35°C (Table 4.30; Fig 4.32). 

4.6.2.7 micrococcus sp. JF59 

Chitinase production up to 462.231 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 76.23% reduction in the yield was recorded. Maximum specific 

activity observed was 7.08 U/g at 45°C (Table 4.31; Fig 4.33).   

4.6.2.8 B. licheniformis JF62 

Chitinase production up to 642.01 U/ml was achieved at 45°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 58.7% reduction in the yield was recorded. Maximum specific 

activity observed was 8.09 U/g at 20°C (Table 4.32; Fig 4.34). 

4.6.2.9 S. maltophilia JF66 

Chitinase production up to 512.31 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 78.97% reduction in the yield was recorded. Maximum specific 

activity observed was 9.48 U/g at 45 °C (Table 4.33; Fig 4.35). 

4.6.2.10 B. cereus JF68 

Chitinase production up to 558.42 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 70.71% reduction in the yield was recorded. Maximum specific 

activity observed was 10.03 U/g at 20°C (Table 4.34; Fig 4.36). 

2.6.2.11 B. cereus JF70 

Chitinase production up to 548.69 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 
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incubation temperature 57% reduction in the yield was recorded. Maximum specific 

activity observed was 6.26 U/g at 45°C (Table 4.35; Fig 4.37). 

4.6.2.12 micrococcus sp. JF81 

Chitinase production up to 525.99 U/ml was achieved at 35°C. Considerable 

decrease in chitinase production was observed at elevated temperatures so that at 55°C 

incubation temperature 72.19% reduction in the yield was recorded. Maximum specific 

activity observed was 9.67U/g at 45°C (Table 4.36; Fig 4.38). 

4.6.2.13  A. beppuensis JF82 

Chitinase production up to 359.42 U/ml was achieved at 55°C. Considerable decrease 

in chitinase production was observed at low temperatures so that at 40°C incubation 

temperature 77.79% reduction in the yield was recorded. Maximum specific activity 

observed was 8.169 U/g at 45°C (Table 4.37; Fig 4.39). 

4.6.2.14  A. rupiensis JF83 

Chitinase production up to 387.84 U/ml was achieved at 60°C. Considerable decrease 

in chitinase production was observed at low temperatures so that at 40°C incubation 

temperature 77.17% reduction in the yield was recorded. Maximum specific activity 

observed was 6.573U/g at 60°C (Table 4.38; Fig 4.40). 

4.6.2.15  A. rupiensis JF85 

Chitinase production up to 382.51U/ml was achieved at 55°C. Considerable decrease 

in chitinase production was observed at low temperatures so that at 40°C incubation 

temperature 62.77% reduction in the yield was recorded. Maximum specific activity 

observed was 10.953U/g at 45°C (Table 4.39; Fig 4.41). 
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Table 4.25:  Effect of different temperatures on growth, chitinase production and 
extracellular protein of jf1 Bacillus cereus JF1 following 5 days 
incubation in optimized pH 6 and 140 rpm 

Temperature(°C)  C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein(mg/ml) 

Final pH

25 16.0 x 104c 105.200 ± 16.96e 0.019 ± 0.0042e 6.25bc 

30 210 x 104b 258.316 ± 6.36d 0.049 ± 0.0012d 6.32b 

35 8100 x 104a 641.647 ± 5.79a 0.111 ± 0.0017a 6.56a 

40 600 x 104b 559.865 ± 2.84b 0.095 ± 0.0017b 6.32b 

45 33 x 104c 553.020 ± 5.13b 0.088 ± 0.001b 6.18cd 

50 1.24 x 104d 492.133 ± 13.25c 0.068 ± 0.0022c 6.09d 

55 0.0163 x 104e 148.433 ± 7.93e 0.040 ± 0.002d 5.91e 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG.4.27: Effect of different temperatures on specific and relative activities of 
Chitinase produced by B. cereus JF1 following 5 days of incubation at optimized 
pH 6 and 140 rpm. 
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Table 4.26:  Effect of different temperatures on growth, chitinase production and  
extracellular protein of Bacillus cereus JF9 following 5 days 
incubation in optimized pH 6 and 140 rpm 

 
Temperature(°C)  

C.F.U./ml 
Chitinase activity 
(U/ml) 

Extracellular 
Protein(mg/ml) 

Final pH 

25 200 x 103c 78.179 ±10.31d 0.012 ±0.005e 6.31d 

30 245 x 104b 219.046 ±6.45c 0.045 ±0.001d 6.33cd 

35 167 x 106a 550.858 ±9.79a 0.100 ±0.002a 6.34bc 

40 64 x 104a 557.343 ±14.28a 0.088 ±0.002ab 6.56a 

45 92 x 104c 487.450 ±13.71b 0.074 ±0.003bc 6.41b 

50 67 x 102d 472.318 ±12.01b 0.062 ±0.002c 6.38bc 

55 5 x 102d 130.059 ±2.61d 0.040 ±0.002d 6.21e 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using MiniTab 16 at p≤0.05  

 

 

FIG.4.28: Effect of different temperatures on specific and relative activities of 
Chitinase produced by B. cereus JF9 at optimum pH and 140 rpm. 
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Table 4.27: Effect of different temperatures on growth, chitinase production and 
extracellular protein by Bacillus cereus JF14 following 5 days of incubation in 
optimized pH 5 and 140 rpm 

 Temperature(°C)  C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein 
(mg/ml) 

Final pH 

25 63 x 104bc 85.745 ±3.11e 0.014 ±0.0029f 5.41c 

30 244 x 104b 137.264 ±21.20de 0.051 ±0.001d 5.82b 

35 204 x 106a 530.683 ±5.67b 0.085 ±0.001b 5.97a 

40 42 x 104a 703.974 ±19.30a 0.113 ±0.0012a 5.99a 

45 40 x 104bc 477.362 ±4.60bc 0.069 ±0.0023c 5.36d 

50 40 x 104c 477.362 ±11.47c 0.055 ±0.002d 5.36de 

55 11 x 102d 176.894 ±6.12d 0.031 ±0.002e 5.26e 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  
 

 

FIG.4.29: Effect of Different Temperatures On Specific And Activities Of 
CHITINASE Produced By B. cereus JF14 At Optimized pH And 140 rpm. 
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Table 4.28: Effect of different temperatures on growth, chitinase production and 
extracellular protein by Bacillus cereus JF16 following 5 days incubation at 
optimized pH 6 and 140 rpm 

Temperature(°C)  C.F.U./ml  
Chitinase activity 
(U/ml) 

Extracellular 
Protein 
(mg/ml) 

Final 
pH 

25 44 x 104c 76.738 ±10.23f 0.021 ±0.002e 6.18e 

30 299 x 10b4 196.349 ±10.46d 0.049 ±0.003d 6.25de 

35 261 x 106a 569.592 ±4.67a 0.095 ±0.0012a 6.36c 

40 134 x 104b 573.195 ±5.10a 0.103 ±0.002a 6.64b 

45 33 x 102d 512.669 ±16.08b 0.082 ±0.001b 6.68a 

50 146 x 102d 440.614 ±6.65c 0.065 ±0.002c 6.30cd 

55 34e 132.581 ±4.33e 0.050 ±0.001d 6.21e 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG.4.30: Effect of different temperatures on specific activity of Chitinase 
produced by B. cereus JF16 at optimized pH and 140 rpm. 
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TABLE 4.29: Effect of different temperatures on growth, chitinase production and 
extracellular protein by Bacillus cereus JF20 following 5 days of incubation in 
optimized pH 5 and 140 rpm 

Temperature(°C)  C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein 
(mg/ml) 

Final pH 

25 31.0 x 104b 228.774 ±6.92cd 0.017 ±0.004c 5.29cd 

30 13.5 x 104b 260.322 ±19.18c 0.054 ±0.001b 5.36bc 

35 13.8 x 106a 493.574 ±17.80a 0.078 ±0.002a 6.36c 

40 20.6 x 104a 498.618 ±19.64a 0.076 ±0.0012a 5.46a 

45 20 x 104c 451.783 ±2.84ab 0.069 ±0.0012a 5.24ab 

50 82 x 102d 384.772 ±19.74b 0.052 ±0.0015b 5.31bc 

55 69e 145.911 ±3.10d 0.025 ±0.0025c 5.18d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG.4.31: Effect of different temperatures on specific and relative activates of 
Chitinase produced by B. cereus JF20 at optimized pH and 140 rpm. 
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Table 4.30: Effect of different temperatures on growth and chitinase production by 
Bacillus licheniformis JF38 following 5 days of incubation in optimized pH 5 and 
140 rpm 

Temperature(°C) C.F.U./ml 
Chitinase 

activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

25 96 x 102e 107.001 ±6.36e 0.022 ±0.001e 5.13d 

30 18 x 104cd 311.636 ±10.26c 0.050 ±0.001cd 5.45bc 

35 35 x 108a 612.104 ±10.96a 0.078 ±0.002a 5.55ab 

40 37 x 106b 568.151 ±2.12a 0.058 ±0.001b 5.51a 

45 28 x 106b 560.585 ±1.29a 0.061 ±0.005b 5.46bc 

50 24 x 104c 488.170 ±19.11b 0.056 ±0.001c 5.41c 

55 211 x 102d 235.258 ±6.79d 0.031 ±0.002d 5.28d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG.4.32: Effect of different temperatures on specific and relative activities of 
Chitinase produced by B. licheniformis JF38 at optimum pH and 140 rpm. 
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TABLE 4.31: Effect of different temperatures on growth, chitinase production and 
extracellular protein of Micrococcus sp. JF59 following 5 days incubation at 
optimized pH 8 and 140 rpm 

Temperature(°C)  C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

25 650 x 104b 107.722 ±6.16e 0.017 ±0.005d 7.35b 

30 976 x 104b 245.734 ±11.34d 0.069 ±0.002b 7.28c 

35 37 x 106a 462.231 ±5.03a 0.074 ±0.001b 6.21f 

40 300 x 104b 454.665 ±9.005a 0.092 ±0.003a 6.18f 

45 286 x 102c 400.624 ±10.21b 0.074 ±0.002b 6.88e 

50 87 x 102d 346.943 ±4.17c 0.049 ±0.0014c 6.99d 

55 34 x 102d 109.883 ±9.19e 0.022 ±0.0042d 7.49a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.33: Effect of different temperatures on specific and relative activities of 
Chitinase produced by Micrococcus sp. At optimum pH 8 and 140 rpm. 
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Table 4.32: Effect of different temperatures on growth, chitinase production and 
extracellular protein of Bacillus licheniformis JF62 following 5 days incubation at 
optimized pH 6 and 140 rpm 

Temperature(°C) C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein 
(mg/ml) 

Final pH 

25 84 x 104c 177.975±9.47c 0.022±0.0003f 6.42d 

30 12 x 105b 306.953±22.19b 0.039±0.001e 6.77c 

35 37 x 106a 591.569±19.40a 0.107±0.001c 6.92b 

40 41 x 106a 620.751±15.67a 0.117±0.001ab 6.99ab 

45 56 x 106a 642.007±5.32a 0.124±0.001a 7.07a 

50 12 x 106a 603.458±16.60a 0.111±0.003bc 6.29e 

55 28.6 x 102d 265.161±5.10bc 0.054±0.002d 6.19f 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.34: Effect of different temperatures on specific and relative activities of 
Chitinase produced by B. licheniformis JF62 at optimum pH 6 and 140 rpm. 
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Table 4.33: Effect of different temperatures on growth, chitinase production and 
extracellular protein of Stenotrophomonas mactoplilia JF66 following 5 days 
incubation at optimized pH 6 and 140 rpm 

 
Temperature(°C)  C.F.U./ml  

Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

25 16.4 x 105c 101.957±5.73d 0.017±0.005d 6.26c 

30 35.6 x 105c 124.294±3.34d 0.045±0.002c 6.31c 

35 40 x 108a 512.309±18.64a 0.073±0.0025ab 6.76a 

40 59 x 106b 502.221±16.29ab 0.080±0.002a 6.56b 

45 16.8 x 105c 438.453±10.47bc 0.059±0.003bc 6.43b 

50 24.3 x 103d 435.931±8.16c 0.046±0.003c 6.4b 

55 37x101e 107.722±4.24d 0.024±0.003d 6.12d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.35: Effect of different temperatures on specific and relative activities of 
Chitinase produced by Stenotrophomonas maltophilia JF66 at optimized pH and 
140 rpm. 
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Table 4.34: Effect of different temperatures on growth, chitinase production and 
extracellular protein of Bacillus cereus JF68 following 5 days incubation at 
optimized pH 6 and 140 rpm 

Temperature(°C)  C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

25 80 x 104c 120.331±4.62d 0.012±0.002d 6.74b 

30 33.6 x 105b 204.996±14.05c 0.046±0.001c 6.44c 

35 29.5 x 107a 558.424±12.23a 0.091±0.002a 6.28e 

40 37 x 104c 550.498±5.91a 0.083±0.0014a 6.35d 

45 48 x 104c 469.436±5.23b 0.066±0.002b 6.46cd 

50 13.2 x 103d 418.998±10.88b 0.061±0.005b 6.54c 

55 27.6x101e 163.564±4.09cd 0.043±0.0024c 6.8a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.36: Effect of different temperatures on specific and relative activities of 
Chitinase produced by B. cereus JF68 at optimized pH 6 and 140 rpm. 
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Table 4.35: Effect of different temperatures on growth, chitinase production and 
extracellular protein of Bacillus cereus JF70 following 5 days incubation at 
optimized pH 5 and 140 rpm 

Temperature(°C)  C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

25 66 x 102d 26.660±6.55d 0.030±0.005d 5.1e 

30 124 x 104b 244.265±2.70c 0.048±0.001c 5.3cd 

35 59 x 106a 548.696±8.79a 0.093±0.002a 5.69a 

40 62 x 106a 543.292±8.56a 0.094±0.0014a 5.34bcd 

45 64 x 104b 517.353±3.96a 0.089±0.0015a 5.38b 

50 34 x 104b 469.796±8.06b 0.075±0.002b 5.35bc 

55 86.3 x 10c 235.979±3.11c 0.042±0.001c 5.22d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  
 

 

FIG. 4.37: Effect of different temperatures on specific and relative activities of 
Chitinase produced by B. cereus JF70 at optimum pH 5 and 140 rpm. 
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Table 4.36: Effect of different temperatures on growth and chitinase production by 
Micrococcus sp. JF81 following 5 days incubation in pH 8 and 140 rpm 

Temperature(°C)  C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

25 72.3 x 105c 90.789±12.92c 0.010±0.002e 7.89a 

30 11.01 x 106bc 159.961±24.60c 0.049±0.001bc 7.7b 

35 84 x 108a 525.999±11.73a 0.080±0.002a 7.1e 

40 8 x 106b 515.551±13.57a 0.080±0.001a 7.38d 

45 39.2 x 104d 453.584±11.22ab 0.056±0.002b 7.46d 

50 21.3 x 104d 406.028±16.69b 0.042±0.002c 7.55c 

55 28.5 x 102e 146.271±4.15c 0.026±0.002d 7.72b 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.38: Effect of different temperatures on specific and relative activities of 
Chitinase produced by Micrococcus sp. JF81 at optimized pH and 140 rpm. 
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Table 4.37: Effect of different pH on growth and chitinase production by 
Anoxybacillus beppuensis JF82 following 5 days incubation in pH 6 and 140 rpm 

Temperature 
(°C) 

C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein (mg/ml) 

Final pH 

40 172d 79.819±9.47d 0.011±0.02d 6.29c 

45 112x102 c 103.65±2.31d 0.019±0.001d 6.47bc 

50 286x102 b 187.89±4.21c 0.023±0.01bc 6.51b 

55 295x104 a 359.42±3.23a 0.056±0.001a 6.81a 

60 276x104 a 341.39±4.01a 0.056±0.003a 6.72a 

65 43x104 ab 286.48±5.23b 0.043±0.002b 6.56b 

70 288x102 bc 211.15±14.14c 0.031±0.01c 6.53b 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

FIG. 4.39: Effect of ph on specific and relative activities of chitinase produced by 
Anoxybacillus beppuensis JF82 at optimized pH and 140 rpm. 

 



104 
 

 
 

Table 4.38: Effect of different pH on growth and chitinase production by 
Anoxybacillus rupiensis JF83 following 5 days incubation in pH 6 and 140 rpm 

Temperature 
(°C) 

C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein (mg/ml) 

Final pH 

40 183c 88.53±1.13c 0.021±0.04c 7.31c 

45 124x102 b 154.76±2.41c 0.029±0.005c 7.39c 

50 297x102 b 247.57±2.83b 0.043±0.01b 7.58b 

55 95x104 ab 298.43±4.09b 0.054±0.003a 7.63b 

60 297x104 a 387.84±3.47a 0.059±0.001a 7.92a 

65 54x104 ab 291.67±2.94b 0.05±0.001a 7.64b 

70 182x102 b 212.28±5.21bc 0.037±0.002b 7.43c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

FIG. 4.40: Effect of ph on specific and relative activities of Chitinase produced by 
A. rupiensis JF83 at optimized pH and 140 rpm. 
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Table 4.39: Effect of different pH on growth and chitinase production by 
Anoxybacillus rupiensis JF85 after 5 days incubation and 140 rpm 

Temperature 
(°C) 

C.F.U./ml 
Chitinase 
activity (U/ml) 

Extracellular 
Protein (mg/ml) 

Final pH 

40 132x10e 142.39±4.37d 0.013±0.002d 6.22d 

45 293x102 d 203.65±14.28c 0.021±0.002c 6.41c 

50 219x103 c 289.26±12.39b 0.03±0.01c 6.47b 

55 195x105a 382.51±10.43a 0.052±0.001a 6.73a 

60 283x104 b 341.39±7.41a 0.05±0.001a 6.69a 

65 149x103 c 286.48±2.83b 0.047±0.003b 6.56b 

70 271x102 d 211.15±3.47c 0.024±0.005c 6.43c 

 

 

FIG. 4.41: Effect of pH on specific and relative activities of Chitinase produced by 
A. rupiensis JF85 at optimized pH and 140 rpm. 

 

 



106 
 

 
 

4.6.3 Optimization of Nitrogen Sources 

Effect of different inorganic and organic nitrogen sources on cell growth and 

chitinase production by various isolates at optimum culture conditions was studied. 

Ammonium sulphate salt was replaced with different nitrogen sources. Results were 

recorded in both tabulated and graphical forms. Brief description of every isolate is as 

under: 

4.6.3.1 B. cereus JF1 

Among various organic and inorganic nitrogen sources tested, trypton was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

trypton in the media increased chitinase production by 1.052 folds.  Maximum specific 

activity observed was 13.105U/g with yeast extract as nitrogen source (Table 4.40; Fig 

4.42). 

4.6.3.2 B. cereus JF9 

Among various organic and inorganic nitrogen sources tested, yeast extract was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

yeast extract in the media increased chitinase production by 1.071 folds.  Maximum 

specific activity observed was 14.924 U/g with same nitrogen source (Table 4.41; Fig 

4.43). 

4.6.3.3 B. cereus JF14 

Among various organic and inorganic nitrogen sources tested, yeast extract was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

yeast extract in the media increased chitinase production by 1.289 folds.  Maximum 

specific activity observed was 13.147 U/g with same nitrogen source (Table 4.42; Fig 

4.44). 

4.6.3.4 B. cereus JF16 

Among various organic and inorganic nitrogen sources tested, trypton was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

trypton in the media increased chitinase production by 1.102 folds.  Maximum specific 
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activity observed was 10.181 U/g with ammonium oxide as nitrogen source (Table 4.43; 

Fig 4.45). 

4.6.3.5 B. cereus JF20 

Among various organic and inorganic nitrogen sources tested, peptone was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

peptone in the media increased chitinase production by 1.275 folds.  Maximum specific 

activity observed was 16.134 U/g with ammonium oxide as nitrogen source (Table 4.44; 

Fig 4.46). 

4.6.3.6 B. licheniformis JF38 

Among various organic and inorganic nitrogen sources tested, trypton was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

trypton in the media increased chitinase production by 1.267 folds.  Maximum specific 

activity observed was 6.925 U/g with gelatin as nitrogen source (Table 4.45; Fig 4.47). 

4.6.3.7 micrococcus sp. JF59 

Among various organic and inorganic nitrogen sources tested, urea was identified 

as the best nitrogen source supporting the enzyme yield. Supplementation of urea in the 

media increased chitinase production by 1.465 folds.  Maximum specific activity 

observed was 7.565 U/g with gelatin as nitrogen source (Table 4.46; Fig 4.48).   

4.6.3.8 B. licheniformis JF62 

Among various organic and inorganic nitrogen sources tested, yeast extract was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

yeast extract in the media increased chitinase production by 1.195 folds.  Maximum 

specific activity observed was 5.468 U/g with gelatin as nitrogen source (Table 4.47; Fig 

4.49). 

4.6.3.9 S. maltophilia JF66 

Among various organic and inorganic nitrogen sources tested, diammonium 

hydrogen phosphate was identified as the best nitrogen source supporting the enzyme 

yield. Supplementation of diammonium hydrogen phosphate in the media increased 
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chitinase production by 3.430 folds.  Maximum specific activity observed was 9.367 U/g 

with ammonium chloride as nitrogen source (Table 4.48; Fig 4.50). 

4.6.3.10 B. cereus JF68 

Among various organic and inorganic nitrogen sources tested, peptone was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

peptone in the media increased chitinase production by 1.85 folds.  Maximum specific 

activity observed was 12.881 U/g with ammonium oxide as nitrogen source (Table 4.49; 

Fig 4.51). 

4.6.3.11 B. cereus JF70 

Among various organic and inorganic nitrogen sources tested, yeast extract was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

yeast extract in the media increased chitinase production by 1.618 folds.  Maximum 

specific activity observed was 9.727 U/g with diammonium hydrogen phosphate as 

nitrogen source (Table 4.50; Fig 4.52). 

4.6.3.12 micrococcus sp. JF81 

Among various organic and inorganic nitrogen sources tested, ammonium nitrate 

was identified as the best nitrogen source supporting the enzyme yield. Supplementation 

of ammonium nitrate in the media increased chitinase production by 1.60 folds.  

Maximum specific activity observed was 8.638 U/g with gelatin as nitrogen source 

(Table 4.51; Fig 4.53). 

4.6.3.13 A. beppuensis JF82 

Among various organic and inorganic nitrogen sources tested, yeast extract was 

identified as the best nitrogen source supporting the enzyme yield. Supplementation of 

yeast extract in the media increased chitinase production by 1.22 folds.  Maximum 

specific activity observed was 7.951U/g with ammonium oxide as nitrogen source (Table 

4.52; Fig 4.54). 
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4.6.3.14 A. rupiensis JF83 

Among various organic and inorganic nitrogen sources tested, ammonium nitrate 

was identified as the best nitrogen source supporting the enzyme yield. Supplementation 

of ammonium nitrate in the media increased chitinase production by 1.04 folds.  

Maximum specific activity observed was 9.094U/g with trypton as nitrogen source (Table 

4.53; Fig 4.55). 

4.6.3.15 A. rupiensis JF85 

Among various organic and inorganic nitrogen sources tested, ammonium nitrate 

was identified as the best nitrogen source supporting the enzyme yield. Supplementation 

of ammonium nitrate in the media increased chitinase production by 1.10 folds.  

Maximum specific activity observed was 7.96U/g with ammonium oxide as nitrogen 

source (Table 4.54; Fig 4.56). 
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Table 4.40: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular protein of Bacillus cereus JF1 following 5 
days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

Gelatin 28 x 104c 197.070±16.59c 0.043±0.008a 7.11b 

Yeast Extract 54 x 108a 589.767±15.74a 0.045±0.001a 7.25a 

Peptone 48 x 108a 570.313±7.35ab 0.057±0.003a 7.03b 

Tryptone 44 x 108a 675.528±14.78a 0.087±0.006a 7.34a 

Urea 24 x 108a 596.613±5.51a 0.064±0.0014a 7.31a 

(NH4)2HPO4 40 x 106b 502.221±7.56ab 0.086±0.005a 6.24e 

NH4Cl 52 x 104c 450.702±28.45b 0.081±0.0033a 6.28de 

NH4NO3 12 x 106b 555.181±47.48ab 0.057±0.010a 6.47c 

(NH4)2O 48 x 106b 507.625±23.48ab 0.090±0.024a 6.38cd 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.42: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. cereus JF1 at optimum conditions. 
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Table 4.41: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Bacillus cereus JF9 following 5 
days incubation and 140 rpm at optimized conditions. 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 160 x 106a 502.581±18.60a 0.036±0.007b 7.07b 

Yeast 
Extract 

164 x 106a 596.973±28.85a 0.040±0.005ab 6.86c 

Peptone 208 x 106a 542.932±10.7a 0.060±0.0013a 6.79c 

Tryptone 216 x 106a 556.983±34.16a 0.054±0.004ab 6.90c 

Urea 200 x 106a 536.807±33.49a 0.043±0.002ab 7.03b 

(NH4)2HPO4 140 x 106a 560.946±54.70a 0.050±0.0012ab 7.21a 

NH4Cl 172 x 106a 560.225±21.92a 0.046±0.001ab 7.14ab 

NH4NO3 144 x 106a 527.800±37.64a 0.056±0.0033ab 7.19ab 

(NH4)2O 104 x 104b 491.413±25.38a 0.043±0.0014ab 6.88c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.43: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. cereus JF9 at optimized conditions. 
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Table 4.42: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular protein of Bacillus cereus JF14 following 5 
days incubation at optimized conditions and 140 rpm 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 18.4 x 108a 902.485±20.81a 0.081±0.0012b 5.70d 

Yeast Extract 26.8 x 108a 907.168±7.83a 0.069±0.001cd 6.30a 

Peptone 10.4 x 108a 798.726±7.19b 0.063±0.002d 5.93bc 

Tryptone 56 x 108a 830.430±7.56b 0.087±0.001b 5.89bcd 

Urea 0.37 x 106bc 563.107±1.35e 0.048±0.001e 5.78d 

(NH4)2HPO4 64 x 104c 446.018±5.40f 0.105±0.004a 5.77d 

NH4Cl 8 x 106bc 650.293±5.13d 0.078±0.001bc 5.86bcd 

NH4NO3 20 x 106c 535.726±3.07e 0.059±0.001d 5.75cd 

(NH4)2O 16 x 107b 708.297±2.51c 0.078±0.002bc 5.89b 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.44: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. cereus JF14 at optimum conditions. 

 

 



113 
 

 
 

Table 4.43: Effect of different Inorganic and organic Nitrogen sources on growth, 
Chitinase production and extracellular protein of Bacillus cereus jf16 following 5 
days Incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 22 x 104d 116.368±16.82b 0.037±0.004c 6.12ab 

Yeast 
Extract 

40 x 105c 503.302±36.96a 0.062±0.004bc 6.85c 

Peptone 20 x 105c 578.599±35.45a 0.083±0.003ab 6.85c 

Tryptone 45 x 107a 631.919±36.14a 0.099±0.002a 7.01b 

Urea 19 x 105c 474.480±30.95a 0.059±0.012bc 7.15a 

(NH4)2HPO4 18.5 x 10b6 498.979±38.23a 0.077±0.009ab 6.25e 

NH4Cl 18 x 106b 461.870±32.42a 0.055±0.0024bc 6.25e 

NH4NO3 35 x 106b 483.487±42.19a 0.061±0.002bc 6.40d 

(NH4)2O 32 x 106b 549.777±92.58a 0.054±0.0014bc 6.50d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.45: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. cereus JF16 at optimum conditions. 
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Table 4.44: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and Extracellular Protein of Bacillus cereus JF20 following 5 
days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 12.0 x 102e 151.314±24.75b 0.059±0.01a 5.08b 

Yeast 
Extract 

16.8 x 105abc 528.161±38.87a 0.046±0.002a 
5.77d 

Peptone 17.2 x 105a 569.232±34.20a 0.046±0.001a 5.91c 

Tryptone 16.0 x 105ab 528.521±40.66a 0.042±0.003a 5.94ab 

Urea 6.0 x 105cd 505.824±38.76a 0.053±0.002a 5.85a 

(NH4)2HPO4 4 x 104bcd 457.547±40.85a 0.042±0.005a 6.09g 

NH4Cl 88 x 104d 487.810±38.55a 0.039±0.004a 5.82f 

NH4NO3 48 x 105a 612.825±22.54a 0.039±0.01a 6.52e 

(NH4)2O 84 x 104abcd 596.973±23.67a 0.037±0.01a 6.14fg 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.46: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. cereus JF20 at optimum conditions. 
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Table 4.45: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Bacillus licheniformis JF38 
following 5 days incubation and 140 rpm at optimized conditions. 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final 
pH 

Gelatin 11.2 x 104e 186.982±5.88g 0.027±0.001e 5.47d 

Yeast Extract 96 x 107ab 749.008±7.51a 0.146±0.002b 6.83a 

Peptone 91 x 107b 671.189±6.18b 0.135±0.005b 6.78a 

Tryptone 16.4 x 10a8 775.308±5.15a 0.171±0.003a 6.82a 

Urea 6 x 106c 601.656±3.11c 0.099±0.002cd 6.45b 

(NH4)2HPO4 10 x 105de 346.583±2.81f 0.082±0.001d 5.22e 

NH4Cl 88 x 105cd 395.220±6.65e 0.096±0.006cd 5.56d 

NH4NO3 20 x 106c 493.574±6.88d 0.109±0.003c 6.08c 

(NH4)2O 28 x 106c 494.295±2.81d 0.088±0.001d 6.15c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.47: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. licheniformis JF38 at optimum condition. 
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Table 4.46: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Micrococcus sp. JF59 following 5 
days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 14 x 104e 52.960±1.02e 0.007±0.001e 7.38ab 

Yeast 
Extract 

98 x 104ab 636.243±1.18a 0.157±0.002ab 
7.1c 

Peptone 82 x 106ab 584.363±1.18b 0.149±0.001b 6.95d 

Tryptone 11.2 x 105cd 498.618±5.44cd 0.094±0.0012d 7.12c 

Urea 31.0 x 107a 677.314±2.81a 0.184±0.002a 7.07cd 

(NH4)2HPO4 12.4 x 105cd 498.258±19.48cd 0.107±0.005cd 7.18bc 

NH4Cl 10.0 x 105d 456.466±4.24d 0.08±0.013d 7.45a 

NH4NO3 28.0 x 106ab 519.874±3.98c 0.134±0.01bc 6.14bc 

(NH4)2O 13.9 x 106bc 542.211±8.25bc 0.153±0.003ab 6.68c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.48: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by Micrococcus sp. JF59 at optimum conditions. 
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Table 4.47: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular protein by Bacillus lichenaiformis JF62 
following 5 days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

Gelatin 76 x 104c 153.116±2.06f 0.028±0.004c 6.28d 

Yeast Extract 92 x 108a 767.742±5.61a 0.202±0.001a 6.92a 

Peptone 80 x 106b 588.687±0.29d 0.145±0.002ab 6.45c 

Tryptone 40 x 108a 749.729±7.93a 0.195±0.001a 6.88a 

Urea 4.8 x 104b 598.414±2.56d 0.176±0.013ab 6.67b 

(NH4)2HPO4 26 x 106b 666.866±2.33b 0.166±0.01ab 6.82a 

NH4Cl 12 x 104c 449.981±7.73e 0.127±0.03b 6.35cd 

NH4NO3 32 x 106b 634.081±3.11c 0.183±0.001ab 6.65b 

(NH4)2O 48 x 106b 634.441±5.51c 0.175±0.01ab 6.69b 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.49: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by B. licheniformis jf62 at optimum conditions. 
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Table 4.48: Effect of different Inorganic and organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Stenotrophomonas maltophilia 
JF66 following 5 days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein 
(mg/ml) 

Final pH 

Gelatin 192 x 104d 368.920±1.06c 0.045±0.002d 7.02c 

Yeast 
Extract 

113 x 104cd 578.239±2.84b 0.156±0.004bc 7.14b 

Peptone 10.2 x 105bcd 602.017±12.18b 0.167±0.006bc 7.04bc 

Tryptone 13.6 x 105d 603.818±3.82b 0.172±0.002b 7.36a 

Urea 12.8 x 104bc 456.827±8.77c 0.145±0.006c 7.10bc 

(NH4)2HPO4 29.6 x 108a 1757.413±46.91a 0.253±0.005a 7.03bc 

NH4Cl 2.8 x 104cd 449.621±5.88c 0.055±0.006d 6.62e 

NH4NO3 24.0 x 106b 659.660±1.64b 0.175±0.003b 7.13bc 

(NH4)2O 30.0 x 104d 171.66d 0.044±0.0005d 6.85d 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.50: Effect of different nitrogen sources on specific and relative activities of 
chitinase produced by Stenotrophomonas maltophilia JF66 at optimum conditions. 
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Table 4.49: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein by Bacillus cereus JF68 following 5 
days incubation at optimized conditions 

Nitrogen 
sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 12.4 x 104c 269.124±7.96f 0.031±0.004b 6.88a 

Yeast Extract 10.4 x 106ab 680.196±3.89b 0.054±0.012a 6.28cd 

Peptone 11.2 x 107a 1033.264±4.44a 0.064±0.002a 6.12e 

Tryptone 32.8 x 106ab 607.781±13.41de 0.054±0.001b 6.26c 

Urea 42.0 x 106ab 658.940±7.83bc 0.065±0.005b 6.17de 

(NH4)2HPO4 32.0 x 106ab 1017.052±4.86a 0.052±0.014a 6.06e 

NH4Cl 36.0 x 105b 588.326±2.51e 0.064±0.002b 6.64b 

NH4NO3 52.0 x 106a 660.741±1.28bc 0.053±0.004b 6.29c 

(NH4)2O 48.0 x 106ab 631.199±5.88cd 0.049±0.0043b 6.24c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.51: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by Bacillus cereus JF68 at optimized conditions. 
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Table 4.50:  Effect of different inorganic and organic nitrogen sources on growth, 
chitinase production and extracellular protein by Bacillus cereus jf70 following 5 
days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase activity 
(U/ml) 

Extracellular 
protein (mg/ml) 

Final 
pH 

Gelatin 97 x 104de 505.103±2.30e 0.053±0.01c 6.18b 

Yeast Extract 10.6 x 107a 887.713±9.63a 0.168±0.001a 6.62a 

Peptone 84 x 106b 673.711±0.78b 0.163±0.001a 6.03c 

Tryptone 80 x 105bc 582.202±3.32c 0.083±0.0045b 6.04c 

Urea 0.36 x 104e 409.271±3.32g 0.054±0.004c 5.84d 

(NH4)2HPO4 184 x 104cd 476.642±2.55f 0.049±0.004c 5.63e 

NH4Cl 172 x 104c 421.160±3.47g 0.050±0.0003c 5.29f 

NH4NO3 116 x 104cd 551.218±4.08d 0.079±0.001b 5.84d 

(NH4)2O 74 x 106ab 588.326±3.11e 0.069±0.001bc 6.22b 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.52: Effect Of Different Nitrogen Sources On Specific And Relative Activities 
Of Chitinase Produced By B. cereus JF70 At Optimum Conditions. 

 

 



121 
 

 
 

Table 4.51: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Micrococcus sp. JF81 following 5 
days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 17.6 x 104d 406.028±2.06d 0.047±0.0012c 7.42a 

Yeast 
Extract 

12.0 x 106b 607.781±1.64b 0.149±0.005a 
7.18cd 

Peptone 98 x 106b 596.252±21.79b 0.126±0.02a 7.16d 

Tryptone 52.0 x 106b 619.310±168.56b 0.145±0.01a 7.09d 

Urea 50.0 x 105c 530.322±1.28c 0.108±0.02ab 7.17cd 

(NH4)2HPO4 10.0 x 104d 411.072±4.45d 0.055±0.0012bc 7.29bc 

NH4Cl 34.0 x 105c 589.407±14.27bc 0.141±0.01a 6.99e 

NH4NO3 38.0 x 107a 841.599±3.86a 0.157±0.004a 6.64f 

(NH4)2O 39.2 x 104d 422.601±5.37d 0.054±0.001bc 7.35ab 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.53: Effect of different nitrogen sources on specific and relative activities of 
chitinase produced by Micrococcus Sp. Jf81 at optimum conditions. 
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Table 4.52: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Anoxybacillus beppuensis JF82 
following 5 days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 182x 104 c 306.014±2.31 b 0.044±0.001 a 6.63b 

Yeast extract 216 x 106 a 438.532±1.42 a 0.061±0.002 a 6.98a

Peptone 34x 106 a 396.195±1.58 a 0.053±0.01 a 6.86 a 

Tryptone 52 x 106 a 346.79±3.91 a 0.049±0.003a 6.79b

Urea 220x104 bc 230.129±2.27 c 0.032±0.003 b 6.47c

(NH4)2HPO4 289 x 104 bc 276.038±2.85 c 0.038±0.001 b 6.59 b 

NH4Cl 34 x 105 b 293.508±1.96 b 0.041±0.004 b 6.54 c 

NH4NO3 163x 104 c 303.54±1.47 b 0.045±0.01 b 6.71 a 

(NH4)2O 119 x 104 c 222.65±1.82 c 0.028±0.001 c 6.38 c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.54: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by A. beppuensis JF82 at optimum conditions. 
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Table 4.53: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Anoxybacillus rupiensis JF83 
following 5 days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 196x 106 a 395.34±3.43a 0.049±0.003b 7.65a

Yeast 
Extract 272 x 106 a 403.37±3.12a 0.058±0.001a 7.71a 

Peptone 298 x 105 b 390.29±2.59a 0.043±0.002b 7.62a

Tryptone 212 x 105 b 372.86±2.61a 0.041±0.01b 7.56ab

Urea 275 x 104 bc 289.43±3.27b 0.035±0.001c 7.49b

(NH4)2HPO4 61 x 104 c 223.48±2.83b 0.038±0.001c 7.42b

NH4Cl 34 x 104 c 218.12±1.49b 0.035±0.004c 7.37b

NH4NO3 238 x 104 bc 296.23±1.27b 0.039±0.001a 7.52ab

(NH4)2O 292 x 104 bc 312.52±2.43b 0.041±0.001b 7.54ab

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05 

 

 

FIG. 4.55: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by A. rupiensis jf83 at optimum conditions. 
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Table 4.54: Effect of different Inorganic and Organic Nitrogen sources on growth, 
Chitinase production and extracellular Protein of Anoxybacillus rupiensis JF85 
following 5 days incubation and 140 rpm at optimized conditions 

Nitrogen 
Sources 

C.F.U./ml  
Chitinase 
activity (U/ml) 

Extracellular 
protein (mg/ml) 

Final pH 

Gelatin 292x 104 355.78±1.47b 0.054±0.001b 6.73b

Yeast 
Extract 286 x 106 409.31±2.08a 0.059±0.02b 6.89a 

Peptone 34x 107 421.52±1.52a 0.067±0.001a 6.96a

Tryptone 152 x 105 376.49±1.87b 0.059±0.003b 6.79 b 

Urea 210x104 290.19±2.97c 0.038±0.001d 6.56c

(NH4)2HPO4 261 x 104 296.33±2.18c 0.043±0.01c 6.61 c 

NH4Cl 45 x 105 313.85±3.14c 0.046±0.002c 6.59 c 

NH4NO3 287x 104 303.54±2.37c 0.044±0.01c 6.63 c 

(NH4)2O 118 x 104 262.68±3.22d 0.033±0.001d 6.51 c 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of 
variance, within respective column and those not sharing common alphabet(s) are significantly different 
from each other using Minitab 16 at p≤0.05  

 

 

FIG. 4.56: Effect of different nitrogen sources on specific and relative activities of 
Chitinase produced by A. rupiensis JF85 at optimum conditions 
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4.7 Optimization of Chitinases 

4.7.1 Optimization of pH 

Effect of different pH, values ranging from 4 to 11, was observed on the bacterial 

chitinases activities.  Following is the species wise description of the chitinase activity at 

different values of pH: 

4.7.1.1 B. cereus JF1 

Optimum chitinase activity of 1003.36 U/ml was found at pH 5 for B. cereus JF1. 

The chitinase activity gradually decreased below and above the optimum pH. No 

chitinase activity was recorded at all at pH 10 (Table 4.55; Fig. 4.57).  

4.7.1.2 B. cereus JF9 

Optimum chitinase activity of 665.79 U/ml was found at pH 7 for B. cereus JF9. 

The chitinase activity gradually decreases below and above this pH value. Minimum 

chitinase activity was 122.49 U/ml at pH 4 shows 81.6 % decrease from optimum 

chitinase activity (Table 4. 55; Fig. 4.58). 

4.7.1.3 B. cereus JF14 

Optimum chitinase activity observed was 1553.49 U/ml found at pH 5. There is a 

sudden decrease of chitinase activity at pH 6 thereafter the decrease in chitinase activity 

is gradual with minimum chitinase activity at pH 11. Minimum chitinase activity was 

129.69 U/ml which shows 91.65 % decrease from optimum chitinase activity (Table 4. 

55; Fig. 4.59). 

4.7.1.4 B. cereus JF16 

Optimum chitinase activity observed was 752.65 U/ml found at pH 4. There is a 

sharp decrease of 83.7 % in chitinase activity at pH 5. A sudden and unusual increase of 

chitinase activity was observed at pH 6 after which there is a gradual decrease in 

chitinase activity with increase in pH (Table 4. 55; Fig. 4.60). 
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4.7.1.5 B. cereus JF20 

Optimum chitinase activity was 832.59 U/ml found at pH 6 as chitinase activity 

gradually decreases below and above this pH value. Minimum chitinase activity was zero 

at pH 11 which shows 100 % decrease from optimum chitinase activity (Table 4.55; Fig. 

4.61). 

4.7.1.6 B. licheniformis JF38 

Optimum chitinase activity observed was 2524.08 U/ml was found at pH 5. The 

chitinase activity gradually decreases below and above this pH value. Minimum chitinase 

activity was 194.91 U/ml at pH 11 showed 92.28 % decrease from optimum chitinase 

activity (Table 4.55; Fig. 4.62). 

4.7.1.7 micrococcus sp. JF59 

Optimum chitinase activity observed was 900.32 (U/ml) found at pH 6. Above 

optimum pH there is a gradual decrease in chitinase activity. No chitinase activity was 

found at pH 10 shows 100% reduction in chitinase activity. Instead of gradual increase a 

peak of chitinase activity comparable to optimum chitinase activity was observed at pH 4 

but much lesser chitinase activity was observed at pH 5 (Table 4.55; Fig. 4.63).  

4.7.1.8 B. licheniformis JF62 

Optimum chitinase activity observed was 2479.76 U/ml found at pH 5. The 

chitinase activity gradually decreases below and above this pH value. Minimum chitinase 

activity was 185.54 U/ml at pH 11 which showed 92.52 % decrease from optimum 

chitinase activity (Table 4.55; Fig. 4.64). 

4.7.1.9 S. maltophilia JF66 

Optimum chitinase activity observed was 1039.39 U/ml which was found at pH 5. 

The chitinase activity gradually decreases below and above this pH value. Minimum 

chitinase activity was 121.05 U/ml at pH 11 shows 88.35 % decrease from optimum 

chitinase activity (Table 4.55; Fig. 4.65). 
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4.7.1.10 B. cereus JF68 

Optimum chitinase activity found was 1193.95 U/ml at pH 6. The chitinase 

activity gradually decreases below and above this pH value. Minimum chitinase activity 

was 92.59 U/ml at pH 11 which shows 92.25 % decrease from optimum chitinase activity 

(Table 4.55; Fig. 4.66). 

4.7.1.11 B. cereus JF70 

Optimum chitinase activity observed was 1786.60 U/ml found at pH 9. There is a 

gradual decrease in chitinase activity above this pH value. However, an irregular pattern 

of chitinase activity was observed below optimum pH. Minimum chitinase activity was 

834.39 U/ml at pH value 11 shows 53.3 % decrease from optimum chitinase activity 

(Table 4.55; Fig. 4.67). 

4.7.1.12 micrococcus sp. JF81 

Optimum chitinase activity observed was 1189.62 U/ml found at pH 5. The 

chitinase activity gradually decreases below and above this pH value. Minimum chitinase 

activity was 208.24 (U/ml) at pH 11 showed 82.5 % reduction from optimum chitinase 

activity (Table 4.55; Fig. 4.68). 

4.7.1.13 A. beppuensis JF82 

Optimum chitinase activity observed was 444.67 U/ml found at pH 6. The 

chitinase activity gradually decreases below and above this pH value. Minimum chitinase 

activity was 82.74 (U/ml) at pH 11 showed 81.39 % reduction from optimum chitinase 

activity (Table 4.55; Fig. 4.69). 

4.7.1.14  A. rupiensis JF83 

Optimum chitinase activity observed was 437.09 U found at pH 6. The chitinase 

activity gradually decreases below and above this pH value. Minimum chitinase activity 

was 193.89 (U/ml) at pH 11 showed 55.65 % reduction from optimum chitinase activity 

(Table 4.55; Fig. 4.70). 
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4.7.1.15  A. rupiensis JF85 

Optimum chitinase activity observed was 458.26 U/ml found at pH 7. The 

chitinase activity gradually decreases below and above this pH value. Minimum chitinase 

activity was 239.72 (U/ml) at pH 11 showed 47.69 % reduction from optimum chitinase 

activity (Table 4.55; Fig. 4.71). 
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Table 4.55: Effect of different buffer pH on Chitinase activity of select bacterial 

isolates grown in optimized conditions. 

ISOLATES 

pH VALUE 

4 5 6 7 8 9 10 11 

JF1 666.51±35.82c 1003.36±20.01a 791.88±17.46b 680.92±4.861c 518.43±10.40d 403.51±13.98e 0f 0f 

JF9 122.49±10.35b 566.71±7.67a 603.82±31.30a 665.79±20.93a 551.94±36.30a 214.72±11.36b 126.46±3.34b 128.26±18.42b 

JF14 1226.73±59.21ab 1553.49±140.68a 883.03±11.02c 951.48±23.57bc 941.39±23.19bc 708.29±38.14c 642.73±5.64c 129.69±6.01d 

JF16 752.61±2.61a 122.67±4.97c 623.27±61.53a 599.13±42.28a 417.92±9.83b 380.81±14.85b 269.12±23.22bc 135.82±22.15c 

JF20 641.65±15.62bc 732.79±8.51ab 832.59±17.81a 520.96±31.79cd 540.05±49.18cd 434.13±44.88d 94.75±17.99e 0e 

JF38 1269.96±52.37b 2524.08±208.91a 1217.72±24.76b 1113.25±62.88b 978.14±29.97b,c 822.50±26.59bc 532.48±12.42cd 194.91±64.29d 

JF59 748.29±39.10ab 123.21±6.38de 900.32±9.72a 598.41±18.93bc 499.34±13.94c 243.18±55.58d 0e 0e 

JF62 1773.99±65.19b 2479.76±143.77a 1559.26±105.58bc 1254.83±92.10cd 1142.43±63.98cd 761.98±30.40de 593.37±27.94ef 185.54±61.23f 

JF66 700.37±42.47bc 1039.39±68.89a 858.89±23.69ab 602.38±32.08c 569.59±57.37c 169.33±32.68d 127.90±23.31d 121.05±26.00d 

JF68 762.34±38.25bc 966.61±12.63ab 1193.95±39.64a 670.47±81.18c 624.35±49.57c 529.24±34.17cd 330.73±8.34de 92.59±20.82e 

JF70 1213.40±70.40bc 1522.16±82.42ab 1208.36±55.60bc 934.91±42.01cd 1678.51±41.22a 1786.60±69.50a 1032.18±21.06cd 834.39±86.25d 

JF81 1045.51±116.09a 1189.62±79.38a 1110.72±85.07a 929.14±16.57ab 889.51±26.54ab 827.19±32.15a,b 518.07±73.16b,c 208.24±60.62c 

JF82 234.38±10.59cd 

 

 

404.03±15.56ab 444.67±23.32a 400.99±14.03ab 281.49±15.65bc 211.81±8.98cd 139.72±7.24de 82.74±7.92e 

JF83 304.84±28.32cd 397.94±8.04ab 437.09±22.27a 410.72±4.35ab 330.66±7.94bc 299.08±10.13cd 238.02±11.61de 193.89±3.68e 

JF85 304.17±9.88d 380.42±6.59bc 399.08±7.08b 458.26±9.25a 385.67±11.77b 323.76±10.2cd 288.03±9.95de 239.72±12.16e 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, 
within respective row and those not sharing common alphabet(s) are significantly different from each other 
using Minitab 16 at p≤0.05  
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FIG. 4.57: Effect of Different Buffer pH on Chitinase Activity of Bacillus cereus JF1 
Grown In Optimized Conditions. 

  

 

FIG. 4.58: Effect of Different Buffer pH on Chitinase Activity of Bacillus cereus JF9 

Grown In Optimized Conditions. 
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FIG. 4.59: Effect of different buffer pH on Chitinase activity of Bacillus cereus JF14 

grown in optimized conditions 

 

 

FIG. 4.60: Effect of different buffer pH on Chitinase activity of Bacillus cereus JF16 

grown in optimized conditions 
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FIG. 4.61: Effect of different buffer pH on Chitinase activity of Bacillus cereus JF20 

grown in optimized conditions 

 

 

FIG. 4.62: Effect of different buffer pH on Chitinase activity of Bacillus 

licheniformis JF38 grown in optimized conditions 
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FIG. 4.63: Effect of different buffer pH on Chitinase activity of Micrococcus sp. 

JF59 grown in optimized conditions 

 

 

FIG. 4.64: Effect of different buffer pH on Chitinase activity of Bacillus 

licheniformis JF62 grown in optimized conditions 
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FIG. 4.65: Effect of different buffer pH on Chitinase activity of  Stenotrophomonas 

maltophilia JF66 grown in optimized conditions 

 

 

FIG. 4.66: Effect of different buffer pH on Chitinase activity of Bacillus cereus JF68 

grown in optimized conditions 
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FIG. 4.67: Effect of different buffer pH on Chitinase activity of Bacillus cereus JF70 

grown in optimized conditions 

 

 

FIG. 4.68: Effect of different buffer pH on Chitinase activity of Micrococcus sp. 

JF81 grown in optimized conditions 
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FIG. 4.69: Effect of different buffer pH on Chitinase activity of Anoxybacillus 

beppuensis JF82 grown in optimized conditions 

 

 

FIG. 4.70: Effect of different buffer pH on Chitinase activity of Anoxybacillus 

rupiensis JF83 grown in optimized conditions 
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FIG. 4.71: Effect of different buffer pH on Chitinase activity of Anoxybacillus 

rupiensis JF85 grown in optimized conditions 
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4.7.2 Optimization of Incubation Temperature 

For optimization of incubation temperature effect of different temperature values 

(30 to 60°C) was observed on bacterial chitinase activity. 

4.7.2.1 B. cereus JF1 

Optimum chitinase activity observed was 2209.18 U/ml found at 45°C for B. 

cereus JF1.The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 655.34 U/ml at 30° C which was 70.34 % less than 

optimum chitinase activity (Table 4.56; Fig. 4.72).  

4.7.2.2 B. cereus JF9 

 Optimum chitinase activity observed was 1928.18 U/ml found at 45°C for 

bacterium B. cereus JF9. The chitinase activity gradually decreases below and above this 

temperature. Minimum chitinase activity was 249.67 U/ml at 60°C which showed 87.05 

% decrease from optimum chitinase activity (Table 4.56; Fig. 4.73). 

4.7.2.3 B. cereus JF14 

Optimum chitinase activity of JF14 was found to be 1917.38 U/ml at 45°C. The 

chitinase activity gradually decreases below and above this temperature. Minimum 

chitinase activity was 473.76 U/ml at 30°C that was 75.29 % less than optimum chitinase 

activity (Table 4.56; Fig. 4.74). 

4.7.2.4 B. cereus JF16 

Optimum chitinase activity observed was 2069.41 U/ml found at 50°C for B. 

cereus JF16. The chitinase activity gradually decreases below and above this 

temperature. Minimum chitinase activity was 525.64 U/ml at 30° C which was 74.6 % 

less than optimum chitinase activity (Table 4.56; Fig. 4.75). 

4.7.2.5 B. cereus JF20 

Optimum chitinase activity observed was 1575.48 U/ml found at 50°C for B. 

cereus JF20. The chitinase activity gradually decreases below and above this 

temperature. Minimum chitinase activity was 101.96 U/ml at 30° C that was 93.53 % less 

than optimum chitinase activity (Table 4.56; Fig. 4.76). 
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4.7.2.6 B. licheniformis JF38 

Optimum chitinase activity found to be 2095.71 U/ml at 50°C for B. licheniformis 

JF38. The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 621.47 U/ml at 30°C which was 70.35 % less than 

optimum chitinase activity (Table 4.56; Fig. 4.77). 

4.7.2.7 Micrococcus sp. JF59 

Optimum chitinase activity observed was 1151.07 U/ml found at 45°C for 

Micrococcus sp. JF59. The chitinase activity gradually decreases below and above this 

temperature. Minimum chitinase activity was 124.29 U/ml at 30O C which was 89.2 % 

less than optimum chitinase activity (Table 4.56; Fig. 4.78).  

4.7.2.8 B. licheniformis JF62 

Optimum chitinase activity was 2324.48 U/ml at 50°C for B. licheniformis JF62. 

The chitinase activity gradually decreases below and above this temperature. Minimum 

chitinase activity was 382.97 U/ml at 30°C which was 83.52 % less than optimum 

chitinase activity (Table 4.56; Fig. 4.79). 

4.7.2.9 S. maltophilia JF66 

Optimum chitinase activity observed was 1320.40 U/ml found at 45°C for S. 

maltophilia JF66. The chitinase activity gradually decreases below and above this 

temperature. No chitinase activity was found at 60O C which showed 100 % decrease 

from optimum chitinase activity (Table 4.56; Fig. 4.80). 

4.7.2.10. B. cereus JF68 

Optimum chitinase activity was found to be 1729.31 U/ml at 45°C for B. cereus 

JF68.The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 116.01 U/ml at 30°C which was 93.29 % less than 

optimum chitinase activity (Table 4.56; Fig. 4.81). 

4.7.2.11 B. cereus JF70 

Optimum chitinase activity observed was 1918.10 U/ml at 45°C for B. cereus 

JF70. The chitinase activity gradually decreases below and above this temperature. 
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Minimum chitinase activity was 404.23 U/ml at 30° C which was 78.93 % less than 

optimum chitinase activity (Table 4.56; Fig. 4.82). 

4.7.2.12 Micrococcus sp. JF81 

Optimum chitinase activity observed was 2044.19 U/ml at 50°C for Micrococcus 

sp. JF81. The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 223.01 U/ml at 60° C which showed 89.09 % decrease 

from optimum chitinase activity (Table 4.56; Fig. 4.83). 

4.7.2.13 A. beppuensis JF82 

Optimum chitinase activity observed was 464.96 U/ml at 65°C for A. beppuensis 

JF82. The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 243.31 U/ml at 40° C which showed 47.68 % decrease 

from optimum chitinase activity (Table 4.57; Fig. 4.84). 

4.7.2.14  A. rupiensis JF83 

Optimum chitinase activity observed was 460.7 U/ml at 60°C for A. rupiensis 

JF83. The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 210.14 U/ml at 40° C which showed 54.39 % decrease 

from optimum chitinase activity (Table 4.57; Fig. 4.85). 

4.7.2.15  A. rupiensis JF85 

Optimum chitinase activity observed was 473.99 U/ml at 65°C for A. rupiensis 

JF85. The chitinase activity gradually decreases below and above this temperature. 

Minimum chitinase activity was 220.35 U/ml at 40° C which showed 53.51 % decrease 

from optimum chitinase activity (Table 4.57; Fig. 4.86). 
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Table 4.56: Effect of incubation temperatures on chitinase activity of isolates grown 
at optimized conditions 

Isolate 

Temperature (oC) 

30 35 40 45 50 55 60 

JF1 655.34±16.21c 919.78± 13.59bc 1154.68±91.01a 2209.20± 65.51a 2151.55± 126.71ab 1601.05± 194.21ab 1168.72± 186.56bc 

JF9 298.31±13.70c 358.83± 9.72c 511.59±23.48c 1928.18± 66.89a 1432.09± 109.04b 390.54± 26.97c 249.67± 18.53c 

JF14 473.76±14.70c 771.35± 31.62bc 1008.77±4.62b 1917.38± 83.89a 1827.67± 111.54a 1031.82± 82.11b 812.42± 127.82bc 

JF16 525.64±45.80d 666.51± 8.12cd 1028.94±72.13c 1647.89± 139.54b 2069.41± 35.60a 1497.66± 29.97b 609.58± 15.96d 

JF20 101.96±13.03c 172.57± 8.41c 428.73± 20.60c 1384.53± 111.19ab 1575.48± 122.55a 1067.85± 64.04b 206.08± 20.64c 

JF38 621.47±42.66d 707.94± 25.52cd 859.61± 8.17cd 1381.65± 90.71b 2095.71± 51.98a 1039.39± 81.43bc 801.61± 69.27cd 

JF59 124.29±78.55c 197.79± 19.35c 487.09± 82.84bc 1151.07± 164.28a 1067.13± 110.68ab 981.74± 127.46ab 482.77± 82.05bc 

JF62 382.97±16.86d 711.18± 27.86cd 952.56± 48.88bc 2018.25± 85.01a 2324.48± 111.74a 1254.47± 72.01b 859.25± 114.78bc 

JF66 253.27±11.95cd 386.93± 29.75cd 697.85± 83.12bc 1320.40± 173.49a 1134.86± 120.67ab 566.71± 54.03c 0d 

JF68 116.01±9.83c 287.49± 24.73c 461.87± 49.17bc 1729.31± 163.83a 1601.06± 159.39a 900.32± 56.39b 653.54± 85.51bc 

JF70 404.23±24.33b 1111.08±130.53ab 1445.42±206.62a 1918.10± 217.92a 1806.41± 228.68a 1288.34± 147.62ab 1144.59± 69.32ab 

JF81 341.89±13.11bc 530.32± 29.33bc 627.59± 38.35bc 1500.54± 179.99a 2044.19± 177.82a 832.23± 31.04b 223.01± 26.83c 
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Table 4.57: Effect of incubation temperatures on chitinase activity of thermophilic 
isolates grown at optimized conditions 

ISOLATE TEMPERATURE (OC) 

40 45 50 55 60 65 70 

JF82 243.31± 4.71e 276.66± 10.71de 314.53± 6.52cd 362.62± 10.55bc 412.69± 10.21b 464.96± 3.65a 384.4± 11.56b 

JF83 
210.14± 23.94d 243.33± 17.59cd 337.73± 17.2bc 396.38± 26.6ab 460.7± 12.88a 428.33± 29.44ab 369.07± 3.86ab 

JF85 
220.35± 22.31e 286.77± 10.02de 331.94± 12.44cd 382.97± 14.79bc 436.66± 7.62ab 473.99± 3.51a 382.07± 8.97bc 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, 
within respective row and those not sharing common alphabet(s) are significantly different from each other 
using Minitab 16 at p≤0.05  

 

 

FIG. 4.72: Effect of Incubation Temperature on Chitinase Activity of B. cereus JF1, 
Grown at Optimized Condition. Bars Represent S.D. 
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FIG. 4.73: Effect of incubation temperature on Chitinase activity of B. cereus Jf9, 
grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.74: Effect of incubation temperature on Chitinase activity of b. cereus JF14, 
grown at optimized condition. Bars represent S.D. 
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FIG. 4.75: Effect of incubation temperature on Chitinase activity of B. cereus JF16, 
grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.76: Effect of incubation temperature on Chitinase activity of B. cereus Jf20, 
grown at optimized condition. Bars represent S.D. 
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FIG. 4.77: Effect of incubation temperature on Chitinase activity of B. licheniformis 
JF38, grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.78: Effect of incubation temperature on Chitinase activity of Micrococcus sp. 
JF59, grown at optimized condition. Bars represent S.D. 
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FIG. 4.79: Effect of incubation temperature on chitinase activity of B. licheniformis 
JF62, grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.80: Effect of incubation temperature on Chitinase activity of 
Stenotrophomonas maltophilia JF66, grown at optimized condition. Bars represent 
S.D. 
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FIG. 4.81: Effect of incubation temperature on Chitinase activity of B. cereus JF68, 
grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.82: Effect of incubation temperature on Chitinase activity of B. cereus Jf70, 
grown at optimized condition. Bars represent S.D. 
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FIG. 4.83: Effect of incubation temperature on Chitinase activity of Micrococcus sp. 
JF81, grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.84: Effect of incubation temperature on Chitinase activity of Anoxybacillus 
beppuensis JF82, grown at optimized condition. Bars represent S.D. 
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FIG. 4.85: Effect of incubation temperature on Chitinase activity of Anoxybacillus 
rupiensis JF83, grown at optimized condition. Bars represent S.D. 

 

 

FIG. 4.86: Effect of incubation temperature on Chitinase activity of Anoxybacillus 
rupiensis JF85, grown at optimized condition. Bars represent S.D. 

 



150 
 

 
 

4.7.3 Optimization of Substarate Concentration 

For optimization of substrate concentration, effect of different substrate 

concentrations was observed on chitinase activity of selected isolates.   

4.7.3.1 B. cereus JF1 

Optimum chitinase activity was 2770.5 U/ml at 0.6% substrate concentration. The 

chitinase activity gradually decreases below and above this substrate concentration. 

Minimum chitinase activity was 1675.27 U/ml at 1.0% substrate concentration, which 

was 39.53 % less than optimum chitinase activity (Table 4.58; Fig 4.87). 

4.7.3.2 B. cereus JF9 

Optimum chitinase activity was 1426.69 U/ml which was found at 0.4% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 266.24 U/ml at 1.0% substrate 

concentration, which was 81.34 % less than optimum chitinase activity (Table 4.58; Fig 

4.88). 

4.7.3.3 B. cereus JF14 

Optimum chitinase activity observed was 2831.74 U/ml found at 0.6% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 1318.6 U/ml at 1.0% substrate 

concentration, which was 53.43 % less than optimum chitinase activity (Table 4.58; Fig 

4.89). 

4.7.3.4 B. cereus JF16 

Optimum chitinase activity was found to be 1635.64 U/ml at 0.4% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 850.25 U/ml at 1.0% substrate 

concentration, which was 48.02 % less than optimum chitinase activity (Table 4.58; Fig 

4.90). 
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4.7.3.5 B. cereus JF20 

Optimum chitinase activity was 2446.26 U/ml found at 0.6% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 1318.6 U/ml at 0.2% substrate 

concentration, which was 46.1% less than optimum chitinase activity (Table 4.58; Fig 

4.91). 

4.7.3.6 B. licheniformis JF38 

Optimum chitinase activity observed was 1491.53 U/ml at 0.4% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 497.18 U/ml at 1.0% substrate 

concentration, which was 67.07 % less than optimum chitinase activity (Table 4.58; Fig 

4.92). 

4.7.3.7 Micrococcus sp. JF59 

Optimum chitinase activity found to be 1192.15 U/ml at 0.4% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 154.92 U/ml at 1.0% substrate 

concentration, that was 87 % less than optimum chitinase activity (Table 4.58; Fig 4.93). 

4.7.3.8 B. licheniformis JF62 

Optimum chitinase activity was 2374.2 U/ml found at 0.6% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 1282.57 U/ml at 0.2% substrate 

concentration, which was 45.98 % less than optimum chitinase activity (Table 4.58; Fig 

4.94). 

4.7.3.9 S. maltophilia JF66 

Optimum chitinase activity observed was 1327.25 U/ml at 0.4% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 111.69 U/ml at 1.0% substrate 

concentration, which was 91.58 % less than optimum chitinase activity (Table 4.58; Fig 

4.95). 



152 
 

 
 

4.7.3.10 B. cereus JF68 

Optimum chitinase activity found to be 2002.4 U/ml at 0.6% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 857.47 U/ml at 1.0% substrate 

concentration, which was 57.18 %  less than optimum chitinase activity (Table 4.58; Fig 

4.96). 

4.7.3.11 B. cereus JF70 

Optimum chitinase activity observed was 2045.27 U/ml at 0.6% substrate 

concentration. The chitinase activity gradually decreases below and above this substrate 

concentration. Minimum chitinase activity was 847.01 U/ml at 0.2% substrate 

concentration, which is 58.59 % less than optimum chitinase activity (Table 4.58; Fig 

4.97). 

4.7.3.12 Micrococcus sp. JF81 

Optimum chitinase activity was 1914.13 U/ml at 0.8% substrate concentration. 

The chitinase activity gradually decreases below and above this substrate concentration. 

Minimum chitinase activity was 779.27 U/ml at 0.2% substrate concentration, which was 

59.29 % less than optimum chitinase activity (Table 4.58; Fig 4.98). 

4.7.3.13 A. beppuensis JF82 

Optimum chitinase activity was 470.11 U/ml at 0.6% substrate concentration. The 

chitinase activity gradually decreases below and above this substrate concentration. 

Minimum chitinase activity was 354.82 U/ml at 0.2% substrate concentration, which was 

24.53 % less than optimum chitinase activity (Table 4.58; Fig 4.99). 

4.7.3.14  A. rupiensis JF83 

Optimum chitinase activity was 476.78 U/ml at 0.6% substrate concentration. The 

chitinase activity gradually decreases below and above this substrate concentration. 

Minimum chitinase activity was 377.09 U/ml at 0.2% substrate concentration, which was 

20.91 % less than optimum chitinase activity (Table 4.58; Fig 4.100). 
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4.7.3.15 A. rupiensis JF85 

Optimum chitinase activity was 483.6 U/ml at 0.8% substrate concentration. The 

chitinase activity gradually decreases below and above this substrate concentration. 

Minimum chitinase activity was 387.38 U/ml at 0.2% substrate concentration, which was 

19.99 % less than optimum chitinase activity (Table 4.58; Fig 4.101). 
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Table 4.58:  Effect of different substrate concentration on chitinase activity of 
isolates grown at optimized conditions. 

Substrate concentration (%) 

Isolate 0.2 0.4 0.6 0.8 1.0 

JF1 1988.71± 10.19bc 2132.10± 126.91b 2770.50± 50.27a 1981.50± 12.82bc 1675.27± 70.05c 

JF9 796.20± 43.33c 1426.68± 25.48a 1026.78± 36.74b 313.44± 18.37d 266.24± 15.62d 

JF14 1293.38± 30.71b 1577.99± 30.57b 2831.74± 104.54a 1577.10± 46.7b 1318.6± 18.37b 

JF16 1563.59± 48.96a 1635.64± 44.52a 1203.31± 40.87b 925.90± 7.78c 850.25± 29.86c 

JF20 1318.6± 71.88d 1729.312± 53.68bc 2446.26± 47.34a 1747.33± 28.97b 1444.7± 37.56cd 

JF38 922.29± 45.95b 1491.53± 43.53a 1282.57± 86.82a 637.68± 13.48bc 497.18± 28.37c 

JF59 623.27± 12.82c 1192.15± 33.86a 839.44± 59.71b 165.73± 28.97d 154.92± 5.88d 

JF62 1282.57± 72.3c 2172.45± 43.53a 2374.20± 36.15a 1790.56± 5.88b 1459.11± 38.47c 

JF66 513.03± 259.29bc 1327.25± 51.49a 1027.5± 70.6ab 122.49± 26.15c 111.69± 25.65c 

JF68 958.33± 22.93c 1629.16± 21.5b 2002.4± 36.43a 928.07± 18.3c 857.45± 18.3c 

JF70 847.01± 7.39d 1281.49± 35.67c 2045.27± 112.58a 1724.99± 22.27b 1563.59± 33.71bc 

JF81 779.27± 9.44d 1306.35± 34.64c 1581.24± 28.31b 1914.13± 28.53a 1485.41± 21.79b 

JF82 354.82±  6.71b 438.22± 16.77a 470.11± 1.01a 432.78± 19.63ab 400.46± 18.96ab 

JF83 377.09± 16.36b 436.8± 12.37ab 476.78± 3.05a 446.92± 14.48ab 406.6± 12.55ab 

JF85 387.38± 16.35c 416.97± 2.28bc 447.03± 6.29ab 483.6± 5.03a 462.76± 5.19ab 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, 
within respective row and those not sharing common alphabet(s) are significantly different from each other 
using Minitab 16 at p≤0.05  
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FIG. 4.87: Effect of substrate concentration on Chitinase activity of B. cereus JF1, 
grown at optimized conditions. Bars represent S.D. 

 

 

FIG. 4.88: Effect of substrate concentration on Chitinase activity of B. cereus JF9, 
grown at optimized conditions. Bars represent S.D. 



156 
 

 
 

 

 

FIG. 4.89: Effect of substrate concentration on Chitinase activity of B. cereus JF14, 
grown at optimized conditions. Bars represent S.D. 

 

 

FIG. 4.90: Effect of substrate concentration on Chitinase activity of B. cereus JF16, 
grown at optimized conditions. Bars represent S.D. 
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FIG. 4.91: Effect of substrate concentration on Chitinase activity of B. cereus JF20, 
grown at optimized conditions. Bars represent S.D. 

 

 

FIG. 4.92: Effect of substrate concentration on Chitinase activity of B. licheniformis 
JF38, grown at optimized conditions. Bars represent S.D. 
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FIG. 4.93: Effect of substrate concentration on Chitinase activity of Micrococcus sp. 
JF59, grown at optimized conditions. Bars represent S.D. 

 

 

FIG. 4.94: Effect of substrate concentration on chitinase activity of isolate B. 
licheniformis JF62, grown at optimized conditions. Bars represent S.D. 
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FIG. 4.95: Effect of substrate concentration on Chitinase activity of 
Stenotrophomonas maltophilia JF66, grown at optimized conditions. Bars represent 
S.D. 

 

 

FIG. 4.96: Effect of substrate concentration on Chitinase activity of B. cereus JF68, 
grown at optimized conditions. Bars represent S.D. 
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FIG. 4.97: Effect of substrate concentration on Chitinase activity of B. cereus JF70, 
grown at optimized conditions. Bars represent S.D. 

 

 

FIG. 4.98: Effect of substrate concentration on chitinase activity of Micrococcus sp. 
JF81, grown at optimized conditions. Bars represent S.D. 
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FIG. 4.99: Effect of substrate concentration on Chitinase activity of Anoxybacillus 
beppuensis JF82, grown at optimized conditions. Bars represent S.D. 

 

 

FIG. 4.100: Effect of substrate concentration on Chitinase activity of Anoxybacillus 
rupiensis JF83, grown at optimized conditions. Bars represent S.D. 
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FIG. 4.101: Effect of substrate concentration on chitinase activity of Anoxybacillus 
rupiensis JF85, grown at optimized conditions. Bars represent S.D. 
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4.7.4 Optimization of Incubation Time 

For optimization of incubation time effect of different time periods was observed 

on chitinase activity of selected isolates.   

4.7.4.1 B. cereus JF1 

Optimum chitinase activity of JF1 was found 2856.97 U/ml at 150 mins 

incubation period. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 2226.49 U/ml at 30 mins incubation 

period which was 22.14 % less than optimum chitinase activity (Table 4.59; Fig 4.102). 

4.7.4.2 B. cereus JF9 

Optimum chitinase activity observed was 1905.85 U/ml at 60 mins incubation 

period for JF9. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 494.3 U/ml at 180 mins incubation 

period which was 74.06% less than optimum chitinase activity (Table 4.59; Fig 4.103). 

4.7.4.3 B. cereus JF14 

Optimum chitinase activity was 3606.34 U/ml at 120 mins incubation period for 

JF14. The chitinase activity gradually decreases below and above this incubation period. 

Minimum chitinase activity was 1686.44 U/ml at 180 mins incubation period which was 

53.24 % less than optimum chitinase activity (Table 4.59; Fig 4.104). 

4.7.4.4 B. cereus JF16 

Optimum chitinase activity observed was 1979.34 U/ml at 120 mins incubation 

period for JF16. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 839.44 U/ml at 150 mins incubation 

period which was 57.59 % less than optimum chitinase activity (Table 4.59; Fig 4.105). 

4.7.4.5 B. cereus JF20 

Optimum chitinase activity observed was 2656.66 U/ml at 120 mins incubation 

period for JF20. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 1329.41 U/ml at 30 mins incubation 

period which was 49.96 % less than optimum chitinase activity (Table 4.59; Fig 4.106). 
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4.7.4.6 B. licheniformis JF38 

Optimum chitinase activity found to be 3566.71 U/ml at 120 mins incubation 

period for JF38. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 1226.73 U/ml at 180 mins incubation 

period which was 65.61 % less than optimum chitinase activity (Table 4.59; Fig 4.107). 

4.7.4.7 Micrococcus sp. JF59 

Optimum chitinase activity was 2392.24 U/ml at 120 mins incubation period for 

JF59. The chitinase activity gradually decreases below and above this incubation period. 

Minimum chitinase activity was 302.63 U/ml at 180 mins incubation period which was 

87.35 % less than optimum chitinase activity (Table 4.59; Fig 4.108). 

4.7.4.8 B. licheniformis JF62 

Optimum chitinase activity observed was 1966.73 (U/ml) at 60 mins incubation 

period for JF62. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 616.07 U/ml at 180 mins incubation 

period which was 68.68 % less than optimum chitinase activity (Table 4.59; Fig 4.109). 

4.7.4.9 S. maltophilia JF66 

Optimum chitinase activity was found to be 1329.41 U/ml at 150 mins incubation 

period for JF66. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 904.29 U/ml at 30 mins incubation 

period which was 31.98 % less than optimum chitinase activity (Table 4.59; Fig 4.110). 

4.7.4.10 B. cereus JF68 

Optimum chitinase activity observed was 2831.75 U/ml at 180 mins incubation 

period for JF68. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 1567.19 U/ml at 90 mins incubation 

period which was 44.66 % less than optimum chitinase activity (Table 4.59; Fig 4.111). 

4.7.4.11 B. cereus JF70 

Optimum chitinase activity was 1728.23 U/ml at 120 mins incubation period for 

JF70. The chitinase activity gradually decreases below and above this incubation period. 
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Minimum chitinase activity was 527.44 U/ml at 180 mins incubation period which was 

85.10 % less than optimum chitinase activity (Table 4.59; Fig 4.112). 

4.7.4.12 Micrococcus sp. JF81 

Optimum chitinase activity was 2475.08 U/ml found at 150 mins incubation 

period for JF81. The chitinase activity gradually decreases below and above this 

incubation period. Minimum chitinase activity was 1638.52 U/ml at 30 mins incubation 

period which is 33.8 % less than optimum chitinase activity (Table 4.59; Fig 4.113). 

4.7.4.13 A. beppuensis JF82 

Optimum chitinase activity was 501.95 U/ml found at 120 mins incubation period 

for JF82. The chitinase activity gradually decreases below and above this incubation 

period. Minimum chitinase activity was 383.94 U/ml at 30 mins incubation period which 

is 23.51 % less than optimum chitinase activity (Table 4.59; Fig 4.114). 

4.7.4.14 A. rupiensis JF83 

Optimum chitinase activity was 495.93 U/ml found at 120 mins incubation period 

for JF83. The chitinase activity gradually decreases below and above this incubation 

period. Minimum chitinase activity was 430.44 U/ml at 180 mins incubation period 

which is 13.21 % less than optimum chitinase activity (Table 4.59; Fig 4.115). 

4.7.4.15 A. rupiensis JF85 

Optimum chitinase activity was 511.67 U/ml found at 150 mins incubation period 

for JF85. The chitinase activity gradually decreases below and above this incubation 

period. Minimum chitinase activity was 447.23 U/ml at 30 mins incubation period which 

is 12.59 % less than optimum chitinase activity (Table 4.59; Fig 4.116). 
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Table 4.59: Effect of incubation period on chitinase activity of isolates grown at 

optimized conditions. 

Incubation period (mins) 

Isolates 30 60 90 120 150 180 

JF1 2226.49±18.37c 2395.82±17.89bc 2741.68±104.59a 2421.04±23.35bc 2856.97±25.65a 2579.2±33.76ab 

JF9 1797.76±28.06a 1905.85±104.96a 1633.12±18.73a 1225.29±27.53b 684.52± 47.34c 494.30±25.18c 

JF14 2122.01±28.06b 2103.99±10.61b 2979.46±41.18a 3606.34±31.13a 2965.05±204.59a 1686.44±263.06b 

JF16 1278.97±25.65b 1325.81±19.29b 1397.86±91.19b 1979.34±45.86a 839.44±25.14c 884.47±50.55c 

JF20 1329.41±18.37c 2289.54±27.59ab 2443.01±63.84ab 2656.66±25.02a 2068.33±82.47b 1642.13±119.17c 

JF38 2291.34±15.29d 2565.15±17.89c 2936.23±28.06b 3566.71±55.11a 1538.37±15.57e 1226.73±43.75f 

JF59 1109.64±20.59c 1567.19±18.37b 1681.4±30.44b 2392.22±29.86a 1628.44±25.65b 302.63±13.48d 

JF62 1163.68±15.57b 1966.73±41.99a 1247.63±14.74b 1134.86±35.67b 720.55±28.06c 616.07±18.37c 

JF66 904.29±15.57c 997.96±30.61bc 1193.23±16.02ab 1328.69±52.29a 1329.41±15.29a 1211.96±93.87ab 

JF68 1810.37±30.89b 1659.06±34.46b 1567.19±50.89b 1720.31±309.83b 1653.65±65.30b 2831.75±8.83a 

JF70 1037.59±9.19d 1209.80±13.23cd 1235.74±72.25c 1728.23±19.15a 1505.94±15.57b 527.44±1.53e 

JF81 1638.52±2.04d 1721.75±31.79d 2029.42±20.09bc 2018.61±29.33c 2475.08±10.19a 2143.63±10.61b 

JF82 383.94±14.17b 473.57±4.97a 477.63±4.48a 501.95±4.19a 467.53±11.66a 407.14±8.29b 

JF83 454.03±11.29ab 463.71±4.12ab 468.71±5.19ab 495.93±7.08a 474.87±15.5ab 430.44±8.13b 

JF85 447.23±9.99a 473.06±5.13a 492.39±5.06a 504.69±3.24a 511.67±7.51a 497.1±34.81a 

Values are means ± S.E.M. of replicates and the values are compared employing single analysis of 
variance, within respective row and those not sharing common alphabet(s) are significantly different from 
each other using Minitab 16 at p≤0.05  
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FIG. 4.102: Effect of incubation time on Chitinase activity of Bacillus cereus JF1 
grown at optimized conditions. 

 

 

FIG. 4.103: Effect of incubation time on Chitinase activity of Bacillus cereus JF9 
grown at optimized conditions. 
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FIG. 4.104: Effect of incubation time on Chitinase activity of Bacillus cereus JF14 
grown at optimized conditions. 

 

 

FIG. 4.105: Effect of incubation time on Chitinase activity of Bacillus cereus JF16 
grown at optimized conditions. 
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FIG. 4.106: Effect of incubation time on Chitinase activity of Bacillus cereus JF20 
grown at optimized conditions. 

 

 

FIG. 4.107: Effect Of Incubation Time On Chitinase Activity Of Bacillus 
licheniformis JF38 Grown At Optimized Conditions. 
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FIG. 4.108: Effect Of Incubation Time On Chitinase Activity of Micrococcus sp. 
JF59 Grown At Optimized Conditions. 

 

 

FIG. 4.109: Effect of incubation time on Chitinase activity of Bacillus licheniformis 
JF62 grown at optimized conditions. 
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FIG. 4.110: Effect of incubation time on Chitinase activity of Stenotrophomonas 
maltophilia JF66 grown at optimized conditions. 

 

 

FIG. 4.111: Effect of incubation time on Chitinase activity of Bacillus cereus JF68 
grown at optimized conditions. 
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FIG. 4.112: Effect of incubation time on Chitinase activity of Bacillus cereus JF70 
grown at optimized conditions. 

 

 

FIG. 4.113: Effect of incubation time on Chitinase activity of Micrococcus sp. JF 81 
grown at optimized conditions. 
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FIG. 4.114: Effect of incubation time on Chitinase activity of A. beppuensis JF 82 
grown at optimized conditions. 

 

 

FIG. 4.115: Effect of incubation time on Chitinase Activity of A. rupiensis JF 83 
grown at Optimized Conditions. 
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FIG. 4.116: Effect of Incubation time on Chitinase Activity of A. rupiensis JF 85 
grown at Optimized Conditions. 
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4.7.5 Partial Purification of the Bacterial Chitinases 

Ammonium sulphate precipitation was performed as the first step for the 

chitinases’ purification. The protein obtained in the pellets formed after precipitation with 

ammonium sulphate salt at various saturation levels (0-80 %) were re-dissolved in 

minimum volume of acetate buffer at optimum pH and dialyzed against the same buffer 

for an overnight period at 4oC. The protein suspensions resulted from 50-70 % saturation 

level increased specific enzyme activities. The bacteria differences from the non-purified 

preparations were up to 3.12, 2.07, 3.27, 5.99, 3.44, 4.91, 2.69, 2.58, 2.89, 3.72, 3.11 and 

2.8 folds for the B. cereus JF1, B. cereus JF9, B. cereus JF14, B. cereus JF16, B. cereus 

JF20, B. licheniformis JF38, Micrococcus sp. JF59, B. licheniformis JF62, S. maltophilia 

JF66, B.cereus JF68, B. cereus JF70 and Micrococcus sp. JF81 respectively. The 

corresponding percentage yields were 49.18, 48.25, 58.81, 54.37, 57.24, 49.44, 47.08, 

42.45, 46.85, 72.26, 55.92 and 51.56 % respectively. The highest yield was 58.81 (B. 

cereus JF14) and the maximum purification was recorded for the B. cereus JF16. The 

enzyme activity and protein content decreased in all the bacterial species at highest 

saturation level of the salt. The bacteria B. cereus JF1, B. cereus JF9, B. cereus JF16, 

Micrococcus sp. JF59, B. cereus JF70 and Micococcus sp. JF81 showed highest 

saturation level at 50-60% but the bacteria B. cereus JF14, B. cereus JF20, B. 

licheniformis JF38, B. licheniformis JF62, S. maltophilia JF66 and B. cereus JF68 at 60-

70% of the ammonium sulfate concentration (Table 4.60 to 4.71; Fig 4.). Because of low 

values of chitinolytic activity of thermophiles partial purification was not carried out for 

the three thermophilic bacteria. 
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Table 4.60:  Partial purification of chitinase produced by Bacillus cereus JF1 in FJ 
medium 

Purification 

Step 

B. cereus JF1 

Total 
activity 

(U/ml) 

Total protein 
(mg/ml) 

Specific 
activity (U/mg) 

Purification

(Fold) 

Yield

(%) 

Crude enzyme 2703.05 0.0889 30405.51 1 100 

(NH4)2SO4 
Precipitation 

(50-60%) 

 

1329.41 

 

 

0.047 

 

94957.71 3.12 49.18

 

Table 4.61: Partial purification of chitinase produced by Baciilus cereus JF9 in FJ 
medium 

Purification  

Step 

B. cereus JF9 

Total 
activity 

(U) 

Total 
protein 

(mg) 

Specific 
activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 1894.01 0.073 25945.28 1 100 

(NH4)2SO4 
Precipitation 

 (50-60%) 

1074.40 0.023 53772.15 2.072 48.25
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Table 4.62:  Partial purification of chitinase produced by Bacillus cereus JF14 in FJ 

medium 

Purification  

Step 

B. cereus JF14 

Total 
activity 

(U) 

Total 
protein 

(mg) 

Specific 
activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 2609.49 0.099 26492.30 1 100 

(NH4)2SO4 
Precipitation 

 (60-70%) 

 

1534.68 

 

 

0.178 

 

86705.65 3.27 58.81

 

Table 4.63:  Partial purification of chitinase produced by Bacillus cereus JF16 in FJ 

medium 

Purification  

Step 

B. cereus JF16 

Total 
activity 

(U) 

Total 
protein 

(mg) 

Specific 
activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 1876.68 0.073 14074.51 1 100 

(NH4)2SO4 
Precipitation 

 (50-60%) 

1020.40 0.012 84364.87 5.99 54.37
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Table 4.64:  Partial purification of chitinase produced by Bacillus cereus JF20 in FJ 

medium 

Purification  

Step 

B. cereus JF20 

Total 
activity 

(U) 

Total 
protein 

(mg) 

Specific activity 
(U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 2519.44 0.085 29815.86 1 100 

(NH4)2SO4 
Precipitation 

 (60-70%) 

1442.03 0.014 102562.45 3.44 57.24

 

Table 4.65:  Partial purification of chitinase produced by Bacillus licheniformis 

JF38 in FJ medium 

Purification  

Step 

B. licheniformis JF38 

Total 
activity 

(U) 

Total 
protein 

(mg) 

Specific activity 
(U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 3506.73 0.153 22919.77 1 100 

(NH4)2SO4 
Precipitation 

 (60-70%) 
1733,99 

 

0.015 

 

112597.21 4.91 49.44
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Table 4.66:  Partial purification of chitinase produced by Micrococcus sp. JF59 in 

FJ medium 

Purification  

Step 

Micrococcus sp. JF59 

Total 
activity 

(U) 

Total 
protein 

(mg) 

Specific 
activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 2285.279 0.073 31219.65 1 100 

(NH4)2SO4 
Precipitation 

 (50-60%) 

1075.93 0.013 84057,19 2.69 47.08

 

Table 4.67: Partial purification of chitinase produced by Bacillus licheniformis JF62 

in FJ medium 

Purification  

Step 

B. licheniformis JF62 

Total 

activity 

(U) 

Total 

protein (mg)

Specific 

activity (U/mg)

Purification 

Fold 

Yield 

(%) 

Crude enzyme 213070 0.072 29748.6 1 100 

(NH4)2SO4 

Precipitation 

 (60-70%) 

904.5 0.12 76652.2 2.58 42.45
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Table 4.68: Purification of chitinase produced by Stenotrophomonas maltophilia 

JF66 in FJ medium 

Purification  

Step 

S. maltophilia JF66 

Total 

activity 

(U) 

Total 

protein 

(mg) 

Specific 

activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 1282.83 0.074 17312.12 1 100 

(NH4)2SO4 

Precipitation 

 (60-70%) 

 

600.99 

 

0.012 50082.33 2.89 46.85

 

TABLE 4.69:  Partial purification of chitinase produced by Bacillus cereus JF68 in 

FJ medium 

Purification  

Step 

B. cereus JF68 

Total 

activity 

(U) 

Total 

protein 

(mg) 

Specific 

activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 1033.3 0.0643 16069.98 1 100 

(NH4)2SO4 

Precipitation 

 (60-70%) 

746.752 0.0125 59740.16 3.717 72.26
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Table 4.70: Partial purification of chitinase produced by Bacillus cereus JF70 in FJ 

medium 

Purification  

Step 

B. cereus JF70 

Total 

activity 

(U) 

Total 

protein 

(mg) 

Specific 

activity (U/mg) 

Purification 

Fold 

Yield 

(%) 

Crude enzyme 1826.46 0.093 18848.92 1 100 

(NH4)2SO4 

Precipitation 

 (50-60%) 

1021.33 0.017 58697.13 3.11 55.92

 

Table 4.71:  Partial purification of chitinase produced by Micrococcus sp. JF81 in FJ 

medium 

Purification 

Step 

Micrococcus sp. JF81 

Total 

activity 

(U) 

Total 

protein (mg)

Specific 

activity (U/mg) 

Purification

Fold 

Yield

(%) 

Crude enzyme 2451.21 0.0855 28669.1 1 100 

(NH4)2SO4 

Precipitation 

(50-60%) 

1263.9 0.016 78993.8 2.8 51.56
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4.8 Isolation of Chitinase Gene 

 DNA of the bacterium Stenotrophomonas maltophilia JF 66 was extracted as 

described earlier in section 3.13.1. The bacterial DNA was processed for amplification 

employing the primers shown in section 3.13.2. The amplified band showed about 1.7kb 

distinct band (Fig 4.72). The purified amplicon was gotten sequenced commercially from 

Korea.  

 

 

 
FIG. 4.117: PCR Product of S. Maltophilia JF66 for the Chitinase 

Gene 

 

The partial sequence of chitinase gene of Stenotrophomonas maltophilia JF66 

GGTGGCAGCCAATGAAGGGAGATCCCTAGAATTGAGAGAGTCCACCACGAG
TCTATACTCTGTGGTATTGTGAGGATTTTTGTCAACAAGAAACACACCGCCGG
TAACACGAGCAGGGGTCCTAGGAGTCCTGATGTGATGTTGAAAAGTGAACCC
TCCGGACTGCGGGCGTCCCATGACCGAACAACAAAACGCCTACAACCGCATA
AAAGACTGATATGCACCACGGATGCAACTTACGGATTACCGAAGTTGTAGGG
CATAAGTAGAGGTGCTTCGGCGGGGGGTTACGGCAACCCGTTATAAATGCTG
AAGGTGCGCACAACACCACGTGCTGATTTCAGGGAAATTGCCCGATTCAGGC
TTCTGGAAAAAAATTAAGGCC 
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4.9 Utilization of Agroindustrial Waste for Cultivation of the Bacteria  

Sugarcane bagasse (SCB), whey and wheat straw were used for cultivation of the 

bacterial isolates. Wheat straw showed better growth and more extracellular protein 

production as compared to the other two substrates. Whey supported least growth of the 

bacteria in comparison to the others. Combination of SCB and whey relatively increased 

the growth of the bacteria as compared to the individual separates. Supplementation of 

the ingredients of FJ medium except the chitin increased the growth as well as protein 

content. Two days of incubation also supported more growth and protein content of the 

bacteria cultivated in 2% SCB. Increased incubation did enhance both growth and 

extracellular protein level. The pH of medium increased with the incubation period. 

Growth, extracellular protein and accompanying changes in pH of the bacteria B. cereus 

JF1, B. cereus JF9, B. cereus JF14, B. cereus JF6, B. cereus JF20, B. licheniformis JF38, 

Micrococcus sp. JF59, B. licheniformis JF62, S. maltophilia JF66, B. cereus JF68, B. 

cereus JF70, Micrococcus sp. JF81, A. beppuensis JF82, A. rupiensis JF83 and A. 

rupiensis JF85 following cultivation in SCB and SCBN media are shown in Tables 4.72 

to 4.75 and Figs 4.73 to 4.132, respectively.  
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Table 4.72: Cultivation of chitinolytic bacteria in sugarcane baggasse 

Isolates 

24 HOURS 48 HOURS 

WITHOUT NUTRIENTS WITH NUTRIENTS WITHOUT NUTRIENTS WITH NUTRIENTS 

Growth Extracellular  

Protein 

Final pH Growth Extracellular 

Protein 

Final pH Growth Extracellular 

Protein 

Final pH Growth Extracellular 

protein 

Final pH 

JF1 0.158±0.015c 0.039±0.002d 6.227±0.016c 0.330±0.002d 0.058±0.001c 6.417±0.049b 0.502±0.006b 0.124±0.003a 6.727±0.019a 0.593±0.010a 0.084±0.002b 6.247±0.016c 

JF9 0.046±0.011d 0.030±0.002c 6.143±0.026b 0.157±0.006c 0.041±0.001c 6.203±0.042b 0.450±0.007a 0.132±0.012a 6.837±0.019a 0.313±0.008b 0.077±0.003b 5.843±0.019c 

JF14 0.050±0.003c 0.013±0.001c 6.097±0.023b 0.061±0.005bc 0.015±0.003c 6.173±0.032b 0.081±0.005ab 0.050±0.003b 6.490±0.035a 0.101±0.004a 0.083±0.006a 6.607±0.050a 

JF16 0.047±0.002d 0.015±0.002c 6.073±0.015c 0.082±0.003c 0.030±0.002b 6.083±0.022c 0.111±0.003b 0.039±0.006b 6.377±0.037b 0.143±0.005a 0.081±0.005a 6.647±0.052a 

JF20 0.059±0.007d 0.015±0.003d 6.050±0.018c 0.161±0.003c 0.036±0.002c 6.077±0.024c 0.222±0.004b 0.087±0.000a 6.260±0.026b 0.272±0.010a 0.078±0.004b 6.627±0.015a 

JF38 0.033±0.005d 0.008±0.001d 6.050±0.009c 0.134±0.003c 0.031±0.004c 6.200±0.012c 0.354±0.009b 0.091±0.003b 6.420±0.030b 0.765±0.007a 0.120±0.000a 6.827±0.047a 

JF59 0.017±0.002d 0.008±0.003c 5.977±0.007a 0.122±0.003c 0.036±0.007b 5.910±0.009ab 0.241±0.006b 0.038±0.008b 5.867±0.025b 0.319±0.010a 0.080±0.001a 5.873±0.022b 

JF62 0.027±0.006d 0.005±0.000c 6.000±0a 0.120±0.003c 0.033±0.004b 5.943±0.014ab 0.310±0.016b 0.081±0.008a 5.837±0.035b 0.370±0.010a 0.075±0.005a 5.657±0.026c 

JF66 0.102±0.002b 0.032±0.004c 6.370±0.041c 0.120±0.005ab 0.031±0.005c 6.493±0.025bc 0.139±0.005a 0.058±0.017b 6.753±0.069a 0.144±0.007a 0.082±0.003a 6.673±0.028ab 

JF68 0.157±0.002b 0.030±0.009b 5.797±0.295b 0.168±0.001b 0.042±0.004b 6.610±0.035ab 0.173±0.014b 0.051±0.019b 6.670±0.033a 0.259±0.008a 0.078±0.004a 6.883±0.026a 

JF70 0.192±0.005b 0.048±0.002b 5.673±0.252b 0.221±0.004ab 0.055±0.005b 6.313±0.084ab 0.225±0.006ab 0.081±0.002a 6.410±0.049ab 0.246±0.006a 0.090±0.019a 6.603±0.040a 

JF81 0.084±0.006c 0.031±0.003b 5.610±0.073a 0.116±0.004bc 0.030±0.006b 5.507±0.042ab 0.151±0.010b 0.036±0.011b 5.303±0.035b 0.216±0.007a 0.083±0.002a 5.320±0.030b 

JF82 0.079±0.003c 0.046±0.01b 5.71±0.04a 0.121±0.01b 0.073±0.004ab 5.5±0.04b 0.142±0.01b 0.084±0.002ab 5.36±0.02bc 0.212±0.001a 0.135±0.02a 5.25±0.03c 

JF83 0.075±0.004a 0.051±0.004c 5.84±0.02a 0.141±0.01c 0.077±0.002ab 5.6±0.04b 0.12±0.004b 0.064±0.002bc 5.76±0.03ab 0.173±0.004a 0.092±0.003a 5.32±0.03c 

JF85 0.059±0.01c 0.044±0.003c 5.81±0.04a 0.116±0.01b 0.06±0.002b 5.7±0.01ab 0.14±0.003ab 0.084±0.002b 5.53±0.03ac 0.167±0.01a 0.112±0.01a 5.35±0.06c 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, within respective row in respective parameter and those not sharing 
common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05
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Fig. 4.118: Cultivation of Bacillus cereus JF1 in 2% sugarcane bagasse (SCB) and 
SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 and 
48 hrs at initial pH 6. 
 

 

 

Fig. 4.119: Cultivation of Bacillus cereus JF9 in 2% sugarcane bagasse (SCB) and 
SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 and 
48 hrs at initial pH 6. 
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Fig. 4.120: Cultivation of Bacillus cereus JF14 in 2% sugarcane bagasse (SCB) and 
SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 and 
48 hrs at initial pH 6. 

 

 

 

Fig. 4.121: Cultivation of Bacillus cereus JF16 in 2% sugarcane bagasse (SCB) and 
SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 and 
48 hrs at initial pH 6. 
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Fig. 4.122: Cultivation of Bacillus cereus JF20 in 2% sugarcane bagasse (SCB) and 
SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 and 
48 hrs at initial pH 6. 

 

 

 

Fig. 4.123: Cultivation of Bacillus licheniformis JF38 in 2% sugarcane bagasse 
(SCB) and SCB containing all the ingredients of FJ medium except chitin (SCB-N) 
for 24 and 48 hrs at initial pH 6. 
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Fig. 4.124: Cultivation of Micrococcus sp. JF59 in 2% sugarcane bagasse (SCB) 
and SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 
and 48 hrs at initial pH 6. 

 

 

 

Fig. 4.125: Cultivation of Bacillus licheniformis JF62 in 2% sugarcane bagasse 
(SCB) and SCB containing all the ingredients of FJ medium except chitin (SCB-N) 
for 24 and 48 hrs at initial pH 6. 
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Fig. 4.126: Cultivation of Stenotrophomonas maltophilia JF66 in 2% sugarcane 
bagasse (SCB) and SCB containing all the ingredients of FJ medium except chitin 
(SCB-N) for 24 and 48 hrs at initial pH 6. 
 
 

 

Fig. 4.127: Cultivation of Bacillus cereus JF68 in 2% sugarcane bagasse (SCB) and 
SCB containing all the ingredients of FJ medium except chitin (SCB-N) for 24 and 
48 hrs at initial pH 6. 
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Fig. 4.128: Cultivation of Bacillus cereus JF70 in 2% sugarcane bagasse 
(SCB) and SCB containing all the ingredients of FJ medium except chitin 
(SCB-N) for 24 and 48 hrs at initial pH 6. 

 

 

 

Fig. 4.129: Cultivation of Micrococcus sp. JF81 in 2% sugarcane 
bagasse (SCB) and SCB containing all the ingredients of FJ medium 
except chitin (SCB-N) for 24 and 48 hrs at initial pH 6. 
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Fig. 4.130: Cultivation of Anoxybacillus beppuensis JF82 in 2% sugarcane 
bagasse (SCB) and SCB containing all the ingredients of FJ medium except 
chitin (SCB-N) for 24 and 48 hrs at initial pH 6. 
 
 

 

Fig. 4.131: Cultivation of Anoxybacillus rupiensis JF83 in 2% sugarcane 
bagasse (SCB) and SCB containing all the ingredients of FJ medium except 
chitin (SCB-N) for 24 and 48 hrs at initial pH 6. 
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Fig. 4.132: Cultivation of Anoxybacillus rupiensis JF85 in 2% sugarcane 
bagasse (SCB) and SCB containing all the ingredients of FJ medium except 
chitin (SCB-N) for 24 and 48 hrs at initial pH 6. 
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Table 4.73: Cultivation of chitinolytic bacteria in whey 

Isolates 

24 HOURS 48 HOURS 

WITHOUT NUTRIENTS WITH NUTRIENTS WITHOUT NUTRIENTS WITH NUTRIENTS 

Growth 
Extracellular 

protein 
Final pH Growth 

Extracellular 

protein 
Final pH Growth 

Extracellular 

protein 
Final pH Growth 

Extracellular 

protein 
Final pH 

JF1 0.000±0d 0±0.0c 6±0.0a 0.272±0.005c 0.057±0.004b 5.463±0.019b 0.578±0.000b 0.074±0.025ab 5.110±0.037c 0.718±0.018a 0.100±0.001a 5.133±0.042c 

JF9 0.000±0d 0.0.0d 6±0.0a 0.310±b 0.064±0.002b 5.277±0.014c 0.215±0.004c 0.047±0.001c 5.433±0.024b 0.600±0.008a 0.089±0.0003a 5.120±0.037d 

JF14 0.039±0.001d 0.017±0.0023b 5.95±0.01a 0.300±0.004b 0.061±0.001d 5.297±0.035c 0.143±0.003c 0.043±0.002c 5.517±0.038b 0.604±0.003a 0.085±0.001a 5.107±0.033d 

JF16 0.000±0d 0±0.0d 6±0.0a 0.307±0.005b 0.057±0.002b 5.423±0.024b 0.171±0.003c 0.045±0.002c 5.570±0.061b 0.674±0.008a 0.078±0.001a 5.093±0.021c 

JF20 0.024±0.001c 0.01±0.0005c 5.94±0.0a 0.239±0.006b 0.046±0.003b 5.263±0.025b 0.260±0.012b 0.054±0.001b 5.163±0.035bc 0.711±0.010a 0.099±0.003a 5.080±0.021c 

JF38 0.047±0.002c 0.01±0.001c 5.9±0.01a 0.306±0.004b 0.064±0.002b 5.307±0.019b 0.329±0.004b 0.059±0.001b 5.340±0.028b 0.682±0.012a 0.110±0.005a 5.123±0.039c 

JF59 0.000±0c 0±0.0b 6±0.0a 0.274±0.002b 0.062±0.001a 5.413±0.019b 0.338±0.007a 0.062±0.001a 5.137±0.030c 0.381±0.017a 0.061±0.003a 5.103±0.028c 

JF62 0.033±0.007d 0.01±0.001c 5.88±0.0a 0.316±0.009b 0.063±0.001a 5.110±0.023c 0.225±0.007c 0.046±0.002b 5.413±0.015b 0.578±0.006a 0.070±0.003a 5.093±0.025c 

JF66 0.000±0c 0±0.0c 6±0.0a 0.269±0.004b 0.052±0.001b 5.177±0.019c 0.038±0.09c 0.005±0.001c 5.873±0.026b 0.474±0.009a 0.070±0.003a 5.053±0.023d 

JF68 0.026±0.002c 0.01±0.001c 5.83±0.0a 0.270±0.004b 0.052±0.001b 5.400±0.047b 0.133±0.00002c 0.037±0.005b 5.740±0.030a 0.567±0.012a 0.080±0.002a 5.083±0.019c 

JF70 0.00±0d 0c 6±0.0a 0.261±0.015b 0.055±0.002b 5.390±0.014c 0.155±0.0002c 0.048±0.002b 5.793±0.034b 0.634±0.007a 0.076±0.005a 5.073±0.019d 

JF81 0.00±0d 0c 6±0.0a 0.251±0.004b 0.043±0.001b 5.180±0.021c 0.155±0.0007c 0.048±0.002b 5.640±0.021b 0.547±0.006a 0.075±0.002a 5.097±0.028c 

JF82 0±0c  0±0c  6.0±0a  0.172±0.01b 0.047±0.004b 5.68±0.06b 0.378±0.05a 0.071±0.004a 5.39±0.02b 0.518±0.001a 0.089±0.003a 5.23±0.01c

JF83 0.095±0.001d  0.019±0.002c  5.87±0.02a  0.141±0.004c  0.04±0.003b  5.72±0.02b  0.357±0.01c  0.06±0.01b  5.57±0.03a  0.417±0.002a  0.076±0.001a  5.39±0.02d 

JF85 0.036±0.003d  0.008±0.001c  5.96±0.01a  0.125±0.003c  0.036±0.001b  5.78±0.01b  0.257±0.02b  0.06±0.001a  5.63±0.02c  0.317±0.002a  0.073±0.004a  5.55±0.01c 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, within respective row in respective parameter and those not sharing 
common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  

193 



 

 
 

194

 

 
Fig. 4.133: Cultivation of Bacillus cereus JF1 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 

 

 

 
Fig. 4.134: Cultivation of Bacillus cereus JF9 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 
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Fig. 4.135: Cultivation of Bacillus cereus JF14 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 

 

 
Fig. 4.136: Cultivation of Bacillus cereus JF16 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 
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Fig. 4.137: Cultivation of Bacillus cereus JF20 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 

 

 
Fig. 4.138: Cultivation of Bacillus licheniformis JF38 in 2% whey and whey 
containing all the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs 
at initial pH 6. 
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Fig. 4.139: Cultivation of Micrococcus sp. JF59 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 
 

 
Fig. 4.140: Cultivation of Bacillus licheniformis JF62 in 2% whey and whey 
containing all the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs 
at initial pH 6. 



 

 
 

198

 

 
Fig. 4.141: Cultivation of Stenotrophomonas maltophilia JF66 in 2% whey and whey 
containing all the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs 
at initial pH 6. 

 
 

 
Fig. 4.142: Cultivation of Bacillus cereus JF68 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 
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Fig. 4.143: Cultivation of Bacillus cereus JF70 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 

 

 
Fig. 4.144: Cultivation of Micrococcus sp. JF81 in 2% whey and whey containing all 
the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs at initial pH 
6. 



 

 
 

200

 

 
Fig. 4.145: Cultivation of Anoxybacillus beppuensis JF82 in 2% whey and whey 
containing all the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs 
at initial pH 6. 

 

 
Fig. 4.146: Cultivation of Anoxybacillus rupiensis JF83 in 2% whey and whey 
containing all the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs 
at initial pH 6. 
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Fig. 4.147: Cultivation of Anoxybacillus rupiensis JF85 in 2% whey and whey 
containing all the ingredients of FJ medium except chitin (whey-N) for 24 and 48 hrs 
at initial pH 6. 
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Table 4.74: Cultivation of chitinolytic bacteria in sugarcane baggasse and whey 

Isolates 

24 HOURS 48 HOURS 

WITHOUT NUTRIENTS WITH NUTRIENTS WITHOUT NUTRIENTS WITH NUTRIENTS 

Growth 
Extracellular 

protein 
Final pH Growth 

Extracellular 

protein 
Final pH Growth 

Extracellular 

protein 
Final pH Growth 

Extracellular 

protein 
Final pH 

JF1 0.141± 0.005b 0.044±0.001b 5.540±0.047a 0.238±0.050b 0.047±0.003b 5.267±0.044b 0.179±0.010b 0.054±0.003b 5.397±0.015ab 0.753±0.004a 0.132±0.007a 4.873±0.026c 

JF9 0.162±0.011b 0.050±0.003c 5.82± 0.014a 0.251±0.053b 0.054±0.008c 5.567±0.027b 0.216±0.005b 0.068±0.010b 5.403±0.014c 0.684±0.007a 0.125±0.01a 5.013±0.043d 

JF14 0.163±0.007b 0.055±0.003b 5.423±0.019a 0.246±0.033b 0.061±0.001b 5.273±0.111a 0.208±0.007b 0.064±0.012b 5.430±0.07a 0.541±0.005a 0.108±0.019a 4.547±0.031b 

JF16 0.187±0.012b 0.046±0.006c 5.493±0.025a 0.264±0.047b 0.059±0.008bc 5.360±0.038a 0.212±0.006b 0.067±0.007b 5.370±0.035a 0.738±0.010a 0.127±0.010a 4.913±0.023b 

JF20 0.221±0.012b 0.048±0.006b 5.543±0.047a 0.365±0.101b 0.067±0.015b 5.080±0.021b 0.261±0.014b 0.084±0.016b 5.320±0.054ab 0.693±0.026a 0.178±0.045a 4.830±0.044c 

JF38 0.149±0.006b 0.036±0.009b 5.517±0.047a 0.281±0.059b 0.056±0.004b 5.423±0.061a 0.260±0.009b 0.059±0.014b 5.453±0.028a 0.815±0.020a 0.131±0.028a 4.740±b 

JF59 0.121±0.002b 0.036±0.003b 5.713±0.040a 0.210±0.057b 0.050±0.010b 5.463±0.028b 0.202±0.005b 0.046±0.006b 5.387±0.056b 0.513±0.029a 0.084±0.01a 5.063±0.034c 

JF62 0.131±0.016b 0.036±0.014b 5.510±0.041a 0.214±0.035b 0.048±0.003ab 5.333±0.054ab 0.189±0.006b 0.043±0.009ab 5.377±0.052ab 0.396±0.037a 0.086±0.03a 5.177±0.028b 

JF66 0.146±0.001c 0.039±0.003d 5.657±0.068a 0.246±0.031b 0.052±0.005c 5.423±0.016a 0.266±0.013b 0.071±0.001b 5.367±0.033a 0.672±0a 0.083±0.004a 4.770±0.080b 

JF68 0.162±0.012b 0.039±0.010b 5.450±0.024a 0.268±0.052b 0.065±0.013b 5.287±0.035a 0.226±0.005b 0.049±0.019b 5.353±0.066a 0.687±0.01a 0.135±0.00a 4.863±0.049b 

JF70 0.133±0.007b 0.032±0.003c 5.700±0.040a 0.246±0.045b 0.063±0.021b 5.453±0.043c 0.183±0.008b 0.058±0.009bc 5.480±0.021ab 0.829±0.003a 0.125±0.004a 4.667±0.059b 

JF81 0.115±0.008c 0.034±0.002c 5.800±0.029a 0.237±0.028b 0.051±0.009b 5.543±0.036b 0.188±0.004bc 0.042±0.005bc 5.340±0.029c 0.712±0.003a 0.114±0.00a 4.813±0.037d 

JF82 
0.131±0.003bc 0.049±0.001c 5.65±0.02a 0.235±0.01b 0.089±0.004a 5.42±0.03bc 0.176±0.01c 0.072±0.002b 5.55±0.01ab 0.352±0.02a 0.102±0.002a 5.31±0.03c 

JF83 
0.130±0.01c 0.049±0.003c 5.78±0.01a 0.189±0.01ab 0.061±0.004bc 5.65±0.03b 0.155±0.003bc 0.072±0.004ab 5.57±0.03b 0.229±0.01a 0.086±0.002a 5.32±0.03c 

JF85 
0.054±0.01b 0.037±0.01a 5.76±0.02a 0.235±0.01b 0.054±0.004a 5.66±0.01a 0.178±0.01b 0.066±0.004a 5.7±0.03a 0.404±0.02a 0.106±0.01a 5.34±0.03b 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of variance, within respective row in respective parameter 
and those not sharing common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  
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Fig. 4.148: Cultivation of Bacillus cereus JF1 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 

 

 
Fig. 4.149: Cultivation of Bacillus cereus JF9 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 
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Fig. 4.150: Cultivation of Bacillus cereus JF14 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 

 

 
Fig. 4.151: Cultivation of Bacillus cereus JF16 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 
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Fig. 4.152: Cultivation of Bacillus cereus JF20 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 

 

 

 
Fig. 4.153: Cultivation of Bacillus licheniformis JF38 in 2% SCB and whey and SCB 
and whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) 
for 24 and 48 hrs at initial pH 6. 
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Fig. 4.154: Cultivation of Micrococcus sp. JF59 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 

 

 
Fig. 4.155: Cultivation of Bacillus licheniformis JF62 in 2% SCB and whey and SCB 
and whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) 
for 24 and 48 hrs at initial pH 6. 
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Fig. 4.156: Cultivation of Stenotrophomonas maltophilia JF66 in 2% SCB and whey 
and SCB and whey containing all the ingredients of FJ medium except chitin 
(SCB+whey-N) for 24 and 48 hrs at initial pH 6. 

 

 

 
Fig. 4.157: Cultivation of Bacillus cereus JF68 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 
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Fig. 4.158: Cultivation of Bacillus cereus JF70 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 

 

 

 
Fig. 4.159:  Cultivation of Micrococcus sp. JF81 in 2% SCB and whey and SCB and 
whey containing all the ingredients of FJ medium except chitin (SCB+whey-N) for 
24 and 48 hrs at initial pH 6. 
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Fig. 4.160:  Cultivation of Anoxybacillus beppuensis JF82 in 2% SCB and whey and 
SCB and whey containing all the ingredients of FJ medium except chitin 
(SCB+whey-N) for 24 and 48 hrs at initial pH 6. 

 
 

 
Fig. 4.161: Cultivation of Anoxybacillus rupiensis JF83 in 2% SCB and whey and 
SCB and whey containing all the ingredients of FJ medium except chitin 
(SCB+whey-N) for 24 and 48 hrs at initial pH 6. 
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Fig. 4.162:  Cultivation of Anoxybacillus rupiensis JF85 in 2% SCB and whey and 
SCB and whey containing all the ingredients of FJ medium except chitin 
(SCB+whey-N) for 24 and 48 hrs at initial pH 6. 
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Table 4.75: Cultivation of chitinolytic bacteria in wheat straw 

Isolates 

24 HOURS 48 HOURS 

WITHOUT NUTRIENTS WITH NUTRIENTS WITHOUT NUTRIENTS WITH NUTRIENTS 

Growth Extracellular  
Protein 

Final pH Growth Extracellular 
Protein 

Final pH Growth Extracellular 
Protein 

Final pH Growth Extracellular 
Protein 

Final pH 

JF1 0.218±0.003d 

 
0.055±0.003a 

 
5.683±0.014b 

 
0.252±0.002c 

 
0.108±0.092a 

 
5.530±0.041b 

 
0.426±0.006b 

 
0.061± 0.005a 

 
5.527±0.026b 

 
0.482±0.008a 0.074±0.008a 

 
5.107±0.034a 

 

JF9 
0.121±0.003c 

 
0.031±0.010b 

 
5.423±0.016a 

 
0.140±0.002c 

 
0.035±0.006b 

 
5.390±0.012a 

 
0.209±0.003b 

 
0.047±0.005ab 

 
5.290±0.055a 

 
0.242±0.006a 

 
0.060±0.005a 

 
5.227±0.064a 

 

JF14 0.069±0.005b 
 

0.012±0.001b 
 

5.943±0.013a 
 

0.101±0.009b 
 

0.020±0.003b 
 

5.907±0.009ab 
 

0.104±0.007ab 
 

0.045±0.008a 
 

5.920±0.012ab 0.142±0.006a 
 

0.042±0.002a 
 

5.843±0.023b 
 

JF16 0.143±0.004c 
 

0.044±0.006b 
 

6.237±0.019a 
 

0.145±0.007c 
 

0.043±0.003b 
 

6.223±0.036a 
 

0.281±0.004b 
 

0.051±0.006b 
 

6.347±0.017a 
 

0.429±0.003a 
 

0.063±0.003a 
 

5.583±0.091b 
 

JF20 
0.090±0.004c 

 
0.017±0.003b 

 
5.950±0.012a 

 
0.118±0.004b 

 
0.022±0.002b 

 
5.910±0.009ab 

 
0.121±0.003b 

 0.048±0.008a 5.910±0.004ab 
0.272±0.005a 

 
0.050±0.004a 

 
5.860±0.020b 

 

JF38 0.262±0.004b 
 

0.061±0.002a 
 

6.847±0.024a 
 

0.265±0.015b 
 

0.062±0.003a 6.833±0.054a 0.485±0.006a 0.064±0.006a 6.613±0.079a 0.505±0.004a 0.065±0.003a 6.683±0.023a 

JF59 0.114±0.003c 
 

0.027±0.003b 
 

5.927±0.016a 
 

0.141±0.004c 
 

0.029±0.007b 
 

5.763±0.040b 
 

0.239±0.021b 0.052±0.005a 5.827±0.019ab 0.309±0.006a 
 

0.055±0.003a 
 

5.807±0.025ab 
 

JF62 
0.154±0.004c 

 
0.043±0.003c 

 
6.780±0.029ab 

 
0.170±0.011c 

 
0.049±0.003bc 

 
6.827±0.044b 

 
0.302±0.003b 

 
0.055±0.003ab 

 
6.600±0.047ab 

 
0.365±0.005a 

 
0.059±0.002a 

 
6.720±0a 

 

JF66 0.106±0.007c 
 

0.034±0.005c 
 

6.110±0.009c 
 

0.109±0.003c 
 

0.039±0.001bc 
 

6.140±0.021bc 
 

0.207±0.009b 
 

0.048±0.004ab 
 

6.243±0.031b 
 

0.288±0.025a 
 

0.057±0.005a 
 

6.530±0a 
 

JF68 0.000±0b 
 

0.000±0b 
 

0.000±0b 
 

0.000±0b 
 

0.000±0b 
 

0.000±0b 
 

0.000±0b 
 

0.000±0b 
 

6.007±0.01a 
 

0.090±0.0a 
 

0.009±0.003a 
 

5.900±0.01a 
 

JF70 
0.089±0.004c 

 
0.007±0.002c 

 
5.647±0.019b 

 
0.120±0.008bc 

 
0.012±0.003c 

 
5.593±0.023b 

 
0.145±0.004b 

 
0.039±0.006b 

 
5.430±0.026b 

 
0.488±0.003a 

 
0.088±0.018a 

 
6.500±0a 

 

JF81 0.144±0.005d 
 

0.021±0.009b 
 

5.867±0.015a 
 

0.232±0.006c 
 

0.037±0.003b 
 

5.740±0.023b 
 

0.375±0.006b 
 

0.070±0.012a 
 

5.737±0.025b 
 

0.418±0.005a 
 

0.073±0.002a 
 

5.870±0ab 
 

JF82 
0.179±0.01b 0.059±0.002c 6.31±0.04b 0.191±0.004b 0.072±0.002b 6.59±0.02a 0.186±0.004b 0.079±0.002b 6.43±0.03ab 0.277±0.01a 0.105±0.003a 6.64±0.08a 

JF83 
0.142±0.003c 0.047±0.002c 6.21±0.04c 0.152±0.001c 0.055±0.01bc 6.32±0.01bc 0.188±0.005b 0.076±0.003ab 6.47±0.03ab 0.24±0.01a 0.088±0.005a 6.57±0.03a 

JF85 
0.139±0.003d 0.042±0.002d 6.27±0.02d 0.233±0.01c 0.079±0.002c 6.43±0.02c 0.282±0.004b 0.094±0.002b 6.64±0.02b 0.41±0.01a 0.118±0.003a 6.85±0.02a 

Values are means ± S.E.M. of replicates and the values are compared employing single factor analysis of variance, within respective row in respective parameter 
and those not sharing common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  
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Fig. 4.163: Cultivation of Bacillus cereus JF1 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 

 

 
Fig. 4.164: Cultivation of Bacillus cereus JF9 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 
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Fig. 4.165: Cultivation of Bacillus cereus JF14 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 

 

 
Fig. 4.166: Cultivation of Bacillus cereus JF16 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 
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Fig. 4.167: Cultivation of Bacillus cereus JF20 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 

 

 
Fig. 4.168: Cultivation of Bacillus licheniformis JF38 in 2% wheat straw and wheat 
straw containing all the ingredients of FJ medium except chitin (wheat straw-N) for 
24 and 48 hrs at initial pH 6. 
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Fig. 4.169: Cultivation of Micrococcus sp. JF59 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 

 

 
Fig. 4.170: Cultivation of Bacillus licheniformis JF62 in 2% wheat straw and wheat 
straw containing all the ingredients of FJ medium except chitin (wheat straw-N) for 
24 and 48 hrs at initial pH 6. 
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Fig. 4.171: Cultivation of Stenotrophomonas maltophilia JF66 in 2% wheat straw 
and wheat straw containing all the ingredients of FJ medium except chitin (wheat 
straw-N) for 24 and 48 hrs at initial pH 6. 

 

 
Fig. 4.172: Cultivation of Bacillus cereus JF68 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 
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Fig. 4.173: Cultivation of Bacillus cereus JF70 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 

 

 
Fig. 4.174: Cultivation of Micrococcus sp. JF81 in 2% wheat straw and wheat straw 
containing all the ingredients of FJ medium except chitin (wheat straw-N) for 24 
and 48 hrs at initial pH 6. 
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Fig. 4.175: Cultivation of Anoxybacillus beppuensis JF82 in 2% wheat straw and 
wheat straw containing all the ingredients of FJ medium except chitin (wheat straw-
N) for 24 and 48 hrs at initial pH 6. 

 

 
Fig. 4.176: Cultivation of Anoxybacillus rupiensis JF83 in 2% wheat straw and 
wheat straw containing all the ingredients of FJ medium except chitin (wheat straw-
N) for 24 and 48 hrs at initial pH 6. 
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Fig. 4.177: Cultivation of Anoxybacillus rupiensis. JF85 in 2% wheat straw and 
wheat straw containing all the ingredients of FJ medium except chitin (wheat straw-
N) for 24 and 48 hrs at initial pH 6. 
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4.10 Testing of Bacterial Antagonism/Compatibility for Co-Culturing 

The select bacterial species were tested against each other to check their 

antagonism/compatibility for co-culturing. This was done to identify pairs of the isolates 

that do not inhibit growth of each other so that they might be co-cultured. The antagonists 

were identified by cross streak method are shown in Table 4.76. Almost all isolates did 

not completely inhibit growth of each other but some slightly antagonize the growth of 

other. B. cereus JF1 slightly inhibits B. cereus JF16, B. cereus JF9 to B. cereus JF1, B. 

cereus JF14, B. cereus JF16, B. cereus JF20 similarly B. cereus JF16 to B. cereus JF14, 

B. cereus  JF20 to B. cereus JF16 and B. licheniformis JF38 to B. cereus JF1 and B. 

cereus JF9. B. cereus JF14, B. cereus JF20, B. cereus JF70 and B. licheniformis JF62 to 

B. cereus JF1, B. cereus JF9, B. cereus JF14, B. cereus JF16, B. cereus JF20, B. cereus 

JF70 likewise B. cereus JF70 to B. cereus JF9, B. cereus JF14, B.cereus JF20. Thus 

Micrococcus sp. JF59, S. maltophilia JF66, B. cereus JF68, and Micrococcus sp. JF 81 

can be used with any other isolate in co-culturing to enhance the effect in any way. 

Antagonism test for thermophiles were not found 
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Table 4.76: Antagonism/compatibility of co-existence (co-culturing) of the bacteria 
assessed by cross streak method on nutrient agar plates. 
 
Strain JF1 JF9 JF14 JF16 JF20 JF38 JF59 JF62 JF66 JF68 JF70 JF81 JF82 JF83 JF85 

JF1 NR - - ± - - - - - - - - NR NR NR 

JF9 ± NR ± ± ± - - - - - - - NR NR NR 

JF14 - - NR - - - - - - - - - NR NR NR 

JF16 - - ± NR - - - - - - - - NR NR NR 

JF20 - - - ± NR - - - - - - - NR NR NR 

JF38 ± ± ± - ± NR - - - - ± - NR NR NR 

JF59 - - - - - - NR - - - - - NR NR NR 

JF62 ± ± ± ± ± - - NR - - ± - NR NR NR 

JF66 - - - - - - - - NR - - - NR NR NR 

JF68 - - - - - - - - - NR - - NR NR NR 

JF70 - ± ± - ± - - - - - NR - NR NR NR 

JF81 - - - - - - - - - - - NR NR NR NR 

JF82 NR NR NR NR NR NR NR NR NR NR NR NR NT NT NT 

JF83 NR NR NR NR NR NR NR NR NR NR NR NR NT NT NT 

JF85 NR NR NR NR NR NR NR NR NR NR NR NR NT NT NT 

- =   No effect on each other 
+    =  Antibiosis/Antagonism 
±    =  Growth was but slightly inhibited 
NR =  Test was not require 
NT= Not tested 
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4.11 Termiticidal effects of the Bacterial Cultures and their cell free 

Cultural Fluids 

The termiticidal activity was a function of the bacterial chitinases, as highest 

mortalities up to 63, 73 and 77% were recorded for 10X cell free cultural fluids of B. 

licheniformis JF38, S. maltophilia JF66 and B. cereus JF1 bacteria, respectively within 24 

hrs of exposure in case of Coptotermes heimi (Table 4.77; Fig 4.133). Approaching levels 

of mortality was recorded for the whole cultures of B. cereus JF1 and S. maltophilia 

JF66. While whole culture of B. licheniformis JF38 could express mortality only up to 

45% of the value obtained for its 10X cell free cultural fluids. These observations are 

tempting to provoke into the bacterial viability following the cultural ingestion in the 

termites’ gut. Anoxybacillus sp. JF82, JF83 and JF85 could show 40, 57 and 63% 

mortalities, respectively in Coptotermes heimi with 10X concentration of cell free 

cultural fluid while 20 to 40% mortalities were found with whole culture (Table 4.78; Fig 

4.133).  

 In case of Heterotermes indicola highest mortalities 70, 60 and 77% were found 

with B. cereus JF1, B. licheniformis JF38 and S. maltiphilia JF66, respectively while 47, 

73 and 70% mortalities were observed with 10X culture fluid of Anoxybacillus sp. JF82, 

JF83 and JF85, within 24 hrs of exposure. Whole culture of B. cereus JF1, B. 

licheniformis JF38 and S. maltiphilia JF66 could cause 73, 37 and 47% mortality, 

respectively and 27, 40 and 43% mortalities were found with cultural fluid of 

Anoxybacillus sp. JF82, JF83 and JF85 respectively (Table 4.79 and 4.80; Fig 4.134). 

4.11.1 Solid State Fermentation of SCB by the Chitinolytic Bacteria 

The select chitinolytic bacterial isolates were grown in 10% sugarcane bagasse 

the bacteria showed their growth with increase in time estimated by C.F.U. Their growths 

are shown in (Table 4.81; Fig 4.135). 

4.11.2 Termiticidal Effects of the Bacterial Cell free Cultural Fluids with 10% 

Sugarcane Bagasse Preparation 

Highest mortality of 60% followed by 53, 50, 47, 43 and 33% were obtained for 

the Coptotermes heimi by the bacteria B. licheniformis JF38, S. maltophilia JF66, A. 

rupiensis JF83, B. cereus JF1, A. rupiensis JF85 and A. beppuensis JF82 respectively, in 
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contrast to 3.3% deaths of control animals, following 24 hrs of the exposure (Table 4.77 

and 4.78; Fig 4.133).  

More or less comparable results were obtained for Heterotermes indicola, where 

the bacteria B. licheniformis JF38 and S. maltophilia JF66 caused 57% deaths following 

24 hrs of exposure, in contrast to 6.7% deaths of the control animals. Mortalities for other 

bacterial treatments can be seen in (Table 4.79 and 4.80; Fig 4.134). More than 50% 

mortalities in majority of the treatment indicate that the strategy hypothesized for 

controlling the termites damage of indoor artificial wooden structure need further 

attention of the researchers for materializing the application of the biological control. 
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Table 4.77: Mortality of Coptotermes heimi exposed to the cultures (WC) and cell free culture fluids of varying strength of JF1, 

JF38 and JF66 
Time 

(hrs) 

C Bacillus cereus JF1 Bacillus licheniformisJF38 StenotrophomonasmaltophiliaJF66 

1X 5X 10X WC 1X 5X 10X WC 1X 5X 10X WC 

1 0n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 

2 0 n 0 n 0 n 0.33±0.27mn 0.33±0.27mn 0 n 0 n 0 n 0 n 0 n 0 n 0.33 ±0.27mn 0 n 

3 0 n 0.67±0.27lmn 1.67±0.27ijklmn 2±0.47hijklmn 1.0±0.47klmn 0.33±0.27mn 0.67±0.27lmn 1.33±0.27jklmn 0.67±0.54lmn 0.67±0.27lmn 1.33±0.27jklmn 1.33±0.27jklmn 1.33±0.47jklmn 

4 0 n 1.0±0.47klmn 1.33±0.27jklmn 1.66±0.27ijklmn 0.66 ±0.27lmn 0.67±0.27lmn 1.33±0.54jklmn 1.66±0.27ijklmn 1±0.47klmn 0.67±0.27lmn 1.67±0.27ijklmn 1.66±0.27ijklmn 1.33±0.27jklmn 

5 0 n 1.33j±0.27klmn 2.66±0.27fghijklm 3.33±0.27efghijk 3.33±0.27efghijk 1.66±0.27ijklmn 2.33±0.27ghijklmn 3.33±0.27efghijk 1.33±0.27jklmn 1±0.47klmn 2±0.47hijklmn 3.66±0.27defghij 4±0.47defghi 

6 0 n 2±0.47hijklmn 3.33±0.54efghijk 3.66±0.27defghij 3.66±0.27defghij 2.33±0.27ghijklmn 2.66 ±0.54fghijklm 3.33±0.27efghijk 1.66±0.27ijklmn 1.33 ±0.27jklmn 2.33±0.54ghijklmn 4±0defghi 4±0.47defghi 

7 0.33mn 2.33±0.72ghijklmn 4±0.47defghi 4.33±0.27defgh 4.33±0.27defgh 2.33±0.27ghijklmn 3±0.27efghijkl 3.66±0.27defghij 1.66±0.27ijklmn 1.33±0.27jklmn 2.33 ±0.54ghijklmn 4.33±0.27defgh 4.66±0.54cdefg 

8 0.67lmn 3.33±0.27efghijk 4.33±0.54defgh 4.33±0.54defgh 4.66±0.54cdefg 2.33±0.27ghijklmn 3.33±0.47efghijk 4±0.47defghi 2±0.47hijklmn 1.66±0.54ijklmn 3.33 ±0.27efghijk 4.33±0.27defgh 5±0.81bcdef 

24 0.67lmn 4.33±0.27defgh 6.33±0.27abc 6.33±0.72abc 5.67±0.72abcd 2.67±0.27fghijklm 4±0.27defghi 7.33±0.27ab 3.33±0.27efghijk 2.33±0.27ghijklmn 4.33±0.72defgh 7.67±0.72 a 6±0.47abcd 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, within respective row and column in respective parameter 
and those not sharing common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  

C= control 
a= Ten workers were exposed to a given treatment 
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Table 4.78: Mortality of Coptotermes heimi Exposed to the Cultures (WC) and Cell Free Culture Fluids of Varying Strength of 

the Thermophilic Bacteria JF82, JF83 and JF84 

Time 
(hrs) 

C AnoxybacillusbeppuensisJF82 Anoxybacillusrupiensis JF83 AnoxybacillusrupiensisJF85 

  1X 5X 10X WC 1X 5X 10X WC 1X 5X 10X WC 

1 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 0 n 

2 0 n 0 n 0 n 0.33 ±0.27mn 0 n 0 n 0.33±0.27mn 0.33 ±0.27mn 0 n 0 n 0 n 0 n 0 n 

3 0 n 0 n 0 n 0.33±0.2mn 0.33±0.27mn 0 n 0.67 ±0.27lmn 0.66±0.27lmn 0.33±0.27mn 0 n 0.33 ±0.27mn 0.67±0.54lmn 0.33±0.27mn 

4 0 n 0.33 ±0.27mn 0.66 ±0.27lmn 0.67 ±0.27lmn 0.33 ±0.27mn 0 n 1±0.47klmn 1.33±0.27jklmn 0.66±0.54lmn 0 n 0.67 ±0.27lmn 0.67±0.54lmn 0.33±0.27mn 

5 0 n 0.67±0.27lmn 1±0klmn 1.67±0.27ijklmn 0.66±0.54lmn 1.33±0.27jklmn 1.33±0.27jklmn 1.66±0.27ijklmn 0.33±0.27mn 1.33±0.27jklmn 1±0klmn 2.33 ±0.27ghijklmn 0.67±0.27lmn 

6 0 n 1±0.47klmn 1±0klmn 1.67±0.27ijklmn 0.66±0.27lmn 1.33±0.27jklmn 1.67±0.27ijklmn 2.33±0.27ghijklmn 0.33±0.27mn 1.33±0.27jklmn 0.33±0.27mn 2.33±0.27ghijklmn 1.33±0.27jklmn 

7 0.33mn 1±0.47klmn 1.33±0.27jklmn 2±0.47hijklmn 1 ±0.47klmn 1.67±0.54ijklmn 2.33±0.27ghijklmn 2.66±0.27fghijklm 0.66±0.27lmn 1.66±0.54ijklmn 1.33±0.27jklmn 2.67±0.54fghijklm 1.33±0.27jklmn 

8 0.67lmn 1±0.47klmn 1.33±0.27jklmn 2±0.47hijklmn 1.33±0.27jklmn 2±0.81hijklmn 2.67 ±0.27fghijklm 3.33±0.54efghijk 1±0.47klmn 2±0.81hijklmn 1.66±0.27ijklmn 3±0.81efghijkl 1.67±0.27ijklmn 

24 0.67lmn 2.33±0.2ghijklmn 3±0.47efghijkl 4±0.47defghi 4±0.47defghi 2.67±0.98fghijklm 4.33±0.72defgh 5.67±0.27abcd 2±0.47hijklmn 3.33±0.0.72efghijk 5.33±1.19abcde 6.33±0.27abc 3±0.47efghijkl 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, within respective row and column respective parameter 
and those not sharing common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  

C= control 
a= Ten workers were exposed to a given treatment 
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FIG. 4.178:  % Age Mortality of Coptotermes heimi exposed to the cultures (WC) and cell free culture fluids of varying strength of the 
JF1, JF38, JF66, JF82, JF83 and JF84  
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Table 4.79: Mortality of Heterotermes indicola Exposed to the Cultures (WC) and Cell Free Culture Fluids of Varying 
Strength of JF1, JF38 and JF66 

Time 

(hrs) 

C JF1 JF38 JF66 

1X 5X 10X WC 1X 5X 10X WC 1X 5X 10X WC 

1 0n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 

2 0 n 0.00±0.00 n 0.33±0.27mn 0.67±0.27lmn 0.33±0.27mn 0.00±0.00 n 0.33±0.27mn 0.33±0.27mn 0.00±0.00 n 0.00±0.00 n 0.33±0.27mn 0.33±0.27mn 0.33±0.27mn 

3 0 n 0.67±0.27lmn 1.33±0.27jklmn 2.33±0.27ghijklmn 0.33±0.27mn 0.33±0.27mn 1.00±0.47klmn 1.67±0.54ijklmn 0.67±0.27lmn 0.67±0.27lmn 1.67±0.27ijklmn 1.67±0.27ijklmn 1.33±0.27jklmn 

4 0 n 1.0±0.47klmn 2.00±0.47hijklmn 1.67±0.27ijklmn 0.67±0.27lmn 0.67±0.27lmn 1.67±0.27ijklmn 2.33±0.27ghijklmn 0.67±0.27lmn 0.67±0.27lmn 1.67±0.27ijklmn 2.33±0.27ghijklmn 1.33±0.27jklmn 

5 0 n 1.00±0.00klmn 3.00±0.47efghijkl 3.33±0.27efghijk 3.67±0.27defghij 1.33±0.27jklmn 2.33±0.27ghijklmn 3.67±0.27 1.0±0.47klmn 1.00±0.47klmn 2.33±0.47ghijklmn 4.00±0.47defghi 2.33±0.27ghijklmn 

6 0 n 2.0±0.47hijklmn 3.33±0.54efghijk 4.33±0.27defgh 4.33±0.27defgh 2.33±0.27ghijklmn 3.00±0.47efghijkl 4.00±0.47defghi 1.67±0.27ijklmn 1.67±0.27ijklmn 3.00±0.47efghijkl 4.67±0.27cdefg 3.33±0.27efghijk 

7 0 n 2.67±0.54fghijklm 4.00±0.47defghi 4.33±0.27defgh 4.66±0.27cdefg 2.33±0.27ghijklmn 3.33±0.27efghijk 4.00±0.47defghi 2.33±0.27ghijklmn 1.67±0.27ijklmn 3.33±0.27efghijk 4.67±0.27cdefg 3.66±0.27defghij 

8 0 n 3.0±0.47efghijkl 4.67±0.27cdefg 4.67±0.27cdefg 5±0.47bcdef 2.33±0.27ghijklmn 3.67±0.27defghij 4.33±0.27defgh 2.67±0.27fghijklm 2.00±0.47hijklmn 4.33±0.27defgh 4.67±0.27cdefg 4.33±0.27defgh 

24 0.33±0.27mn 4.33±0.27defgh 5.33±0.27abcde 7.00±0.47abc 7.33±0.27ab 2.67±0.27fghijklm 4.67±0.27cdefg 6.00±0.47abcd 3.67±0.27defghij 2.67±0.27fghijklm 5.33±0.54abcde 7.67±0.72a 4.66±0.27cdefg 

 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, within respective row and column in respective parameter 
and those not sharing common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  

C= control 
a= Ten workers were exposed to a given treatment 
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Table 4.80: Mortality of Heterotermes indicola Exposed to the Cultures (WC) and Cell Free Culture Fluids of Varying Strength of the Thermophilic 
Bacteria JF82, JF83 and JF85 

Time 
(hrs) 

C JF82 JF83 JF84 

1X 5X 10X WC 1X 5X 10X WC 1X 5X 10X WC 

1 0 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 0.00±0.00 n 

2 0 n 0.00±0.00 n 0.33±0.27mn 0.33±0.27mn 0.00±0.00 n 0.00±0.00 n 0.33±0.27mn 0.33±0.27mn 0.00±0.00 n 0.00±0.00 n 0.33±0.27mn 0.33±0.27mn 0.00±0.00 n 

3 0 n 0.00±0.00 n 0.00±0.00 n 0.33±0.27mn 0.33±0.27mn 0.67±0.27lmn 0.67±0.27lmn 0.33±0.27mn 0.33±0.27mn 0.33±0.27mn 0.67±0.27lmn 0.33±0.27mn 0.33 ±0.27mn 

4 0 n 0.33±0.27mn 0.67 ±0.27lmn 0.67±0.27lmn 0.33±0.27mn 0.00±0.00 n 1.00±0.47klmn 1.33±0.47jklmn 1.33±0.72jklmn 0.00±0.00 n 1.33±0.27jklmn 1.00±0.47klmn 0.33±0.27mn 

5 0 n 0.67±0.27lmn 2.00±0.47hijklmn 3.00±0.82efghijkl 1.0±0.47klmn 1.33±0.27jklmn 1.67±0.27ijklmn 2.00±0.47hijklmn 1.33±0.72jklmn 1.33±0.27jklmn 1.33±0.27jklmn 2.67±0.27fghijklm 0.67±0.27lmn 

6 0 n 1.33±0.27jklmn 1.33±0.27jklmn 2.33±0.27ghijklmn 1.33±0.27jklmn 1.33±0.27jklmn 2.00±0.47hijklmn 3.33±0.27efghijk 1.67±0.54ijklmn 1.33±0.27jklmn 1.67±0.27ijklmn 3.00±0.47efghijkl 1.33±0.27jklmn 

7 0 n 1.67±0.27ijklmn 1.33±0.27jklmn 2.33±0.27ghijklmn 1.33±0.27jklmn 2.00±0.47hijklmn 2.67±0.27fghijklm 3.67±0.27defghij 2.0±0.47hijklmn 1.67±0.54ijklmn 2.00±0.47hijklmn 3.00±0.47efghijkl 1.67±0.27ijklmn 

8 0 n 1.33±0.27jklmn 1.67±0.27ijklmn 2.67±0.27fghijklm 1.67±0.27ijklmn 2.67±0.72fghijklm 3.67±0.54defghij 4.33±0.27defgh 2.0±0.47hijklmn 2.67±0.54fghijklm 2.33±0.27ghijklmn 3.67±0.54defghij 2.33±0.27ghijklmn 

24 0.33±0.27mn 2.67±0.27fghijklm 3.33±0.27efghijk 4.67±0.27cdefg 2.67±0.27fghijklm 3.67±0.72defghij 4.33±0.72defgh 7.33±0.27ab 4.0±0.47defghi 3.67±0.54defghij 6.00±0.81abcd 7.00±0.47abc 4.33±0.72defgh 

Values are means ± S.E.M. of replicates and the values are compared employing analysis of variance, within respective row and column in respective parameter 
and those not sharing common alphabet(s) are significantly different from each other using Minitab 16 at p≤0.05  

C= control 
a= Ten workers were exposed to a given treatment 
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FIG 4.179: % Age Mortality of Heterotermes indicola exposed to the cultures (WC) and cell free culture fluids of varying 
strength of the JF1, JF38, JF66, JF82, JF83 and JF85  
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Table 4.81: Growth Curve of Chitinolytic Bacterial Isolates JF1. JF38, JF66, JF82, 
JF83 and JF85 in solid state fermentation (10% bagasse) 
 

Bacterial 
isolates 

Incubation time 
(Days) 

0 1 2 3 4 5 6 7 8 

JF1 

69x102±6.15 125x102±22.69 46x104±6.37 254x104±19.45 282x106±4.97 140x106±20.46 55x106±13.22 232x104±15.81 168x104±10.34 
JF38 

152X102±9.1 284X102±6.90 152X104±26.13 45X106±3.14 36X106±4.80 272X104±7.14 231X104±9.90 148X104±38.85 99X104±28.75 
JF66 

229X102±23.47 38X104±1.96 263X104±5.21 42X106±4.65 86X106±12.50 136X106±20.40 68X106±7.15 124X104±25.41 40X104±5.04 
JF82 85X102±3.78 222X102±31.45 39X104±3.77 149X104±13.86 279X104±9.27 292X104±1.96 132X104±9.90 80X104±18.38 42X104±4.25 
JF83 

95X102±4.58 235X102±44.37 97X104±9.09 285X104±4.75 292X104±2.88 194X104±11.68 60X104±13.33 252X102±23.41 80X104±16.68 
JF84 

11X102±8.18 270X102±8.59 78X104±19.70 265X104±21.83 214X104±7.32 77X104±10.01 37X104±1.25 149X102±27.63 62X102±20.89 

 

 
FIG. 4.180: Growth curve of Chitinolytic Bacterial Isolates JF1. JF38, JF66, JF82, 
JF83 and JF85 in solid state fermentation (10% bagasse) 
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Table 4.82 Percent mortality of Coptotermes heimi exposed to cell free cultural fluids 
of JF1. JF38, JF66, JF82, JF83 and JF85 in 10% sugarcane bagasse preparations 

Time 
(hrs) 

Control Chitinolytic Bacterial Isolates 
B. 

Cereus 
JF1 

B. 
Licheniformis 

JF38 

S. 
Maltophilia 

JF66 

A.  
Beppuensis 

JF82 

A.  
Rupiensis 

JF83 

A.  
Rupiensis 

JF84 
1 0 0 0 0 0 0 0 
2 0 3.3±2.7 6.7±2.7 0 3.3±2.7 3.3±2.7 6.7±2.7 
3 0 6.7±2.7 13.3±2.7 0 1±0.47 3.3±2.7 6.7±2.7 
4 0 13.3±2.7 13.3±2.7 6.7±2.7 16.7±2.7 6.7±2.7 6.7±2.7 
5 0 16.7±2.7 16.7±5.4 6.7±2.7 16.7±2.7 6.7±2.7 16.7±2.7 
6 0 23.3±2.7 20±4.7 10±4.7 20±4.7 13.3±2.7 16.7±2.7 
7 0 23.3±2.7 23.3±5.4 23.3±2.7 20±4.7 16.7±2.7 23.3±2.7 
8 0 26.7±2.7 23.3±5.4 26.7±2.7 23.3±2.7 20±4.7 23.3±2.7 
24 3.3 46.7±2.7 60±4.7 53.3±7.2 33.3±2.7 50±4.7 43.3±2.7 

 

 

Fig 4.181 Mortality effect on Coptotermes heimi with cultural fluid of chitinolytic isolates JF1. JF38, 
JF66, JF82, JF83 and JF85 mixed in 10% bagasse 
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Table 4.83 Percent mortality effect on Heterotermes indicola with cultural fluid of 
chitinolytic isolates JF1. JF38, JF66, JF82, JF83 and JF85 mixed in 10% bagasse 

Time  
(hrs) 

Control Chitinolytic bacterial isolates 
B. 

Cereus 
JF1 

B. 
Licheniformis 

JF38 

S. 
Maltophilia 

JF66 

A. 
Beppuensis 

JF82 

A.  
Rupiensis 

JF83 

A.  
Rupiensis 

JF84 
1 0 0 0 0 0 0 0 

2 0 3.3±2.7 3.3±2.7 3.3±2.7 6.7±2.7 3.3±2.7 0 

3 0 10±4.7 6.7±2.7 3.3±2.7 10±2.7 6.7±2.7 3.3±2.7 

4 0 13.3±2.7 10±4.7 6.7±2.7 13.3±2.7 6.7±2.7 6.7±2.7 

5 0 13.3±2.7 13.3±2.7 6.7±2.7 13.3±4.7 10±2.7 16.7±2.7 

6 0 16.7±2.7 20±4.7 13.3±2.7 16.7±2.7 10±2.7 16.7±2.7 

7 0 20±0 20±2.7 16.7±2.7 16.7±2.7 16.7±2.7 20±4.7 

8 0 26±2.7 20±4.7 23.3±2.7 23.3±0.47 20±4.7 23.3±2.7 

24 6.7±2.7 43.3±5.4 56.7±5.4 56.7±2.7 36.7±2.7 53±2.7 46.7±2.7 

                    

 

Fig 4.182 Mortality effect on Heterotermes indicola with cultural fluid of chitinolytic isolates JF1. 
JF38, JF66, JF82, JF83 and JF85 mixed in 10% bagasse 
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FIG. 4.183: Termites Infested The Wood 

 

 
 

FIG. 4.184: Mortality of Coptotermes heimi with 10X cultural fluid 
of Bacillius Cereus JF1 inoculated on 8 mm filter paper disk 
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FIG. 4.185: Mortality of Heterotermes indicola with 10X cultural 
fluid of Stenotrophomonas Maltophilia JF66 inoculated on 8 mm 
filter paper disc 

 

 
FIG. 4.186: Mortality of Coptotermes heimi with Bacterial Cell free 
Cultural Fluids with 10% Sugarcane Bagasse Preparation 
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5. DISCUSSION 

5.1. Extraction of crab chitin and its use as carbon source for bacteria 

In the present study shells of edible crab were used for production of chitinase 

enzyme. FTIR and XRD analyses of the experimental crude as well as purified chitins 

revealed that both were much comparable to the commercially purchased controls. Crab 

and shrimp shells are the most important commercial source of chitin polymers and have 

greatly been studied because of their easy accessibility and availability (Rhazi et al., 

2000). Muzarelli (1999) reported that chitin is abundant renewable resource as several 

gigatons of chitin are produced annually in biosphere. The utilization of crab waste while 

solving an environmental problem will decrease the production costs of microbial 

chitinases. Having high hydrophobic property, chitin is fundamentally inert to natural 

degradation and is insoluble in aqueous solutions. Owing to its abundant and cheap 

resource and biocompatibility, chitin has the potential for bioconversion to simpler 

molecules of GluNAc monomers and chito-oligosaccharides by means of enzyme-

catalyzed reactions or chemical procedures with the ease in production (Felse and Panda, 

1999; Tharanathan et al., 2003). Different pretreatments for crude crab waste or chitin to 

enhance chitinase production have been reported. For example Roy et al., (2003) used 

microwave radiation on chitin to accelerate chitinase activity. Other pretreatment 

methods employed colloidal (Felse and Panda, 2000; Sandhya et al., 2004), boiling and 

crushing (Wang and Hwang, 2001; Jesus et al., 2006), heat drying (Aye and Stevens, 

2004) and sun drying (Suresh and Chandrasekaran, 1998). In this study crabs were 

washed, crushed, ground and then colloidal chitin was prepared with acid treatment for 

easy utilization by chitinolytic bacteria. For this purpose, dried chitinous shell of edible 

crab commonly known as blue crab (Callinectes sapidus) was employed and 13.8% 

chitin was recovered. No et al. (1989) and Rhazi et al. (2000) reported that from crab 13-

16% chitin content was achievable.  

Taechowisan et al. (2003) reported that chitinase produced by bacteria hydrolyzed 

colloidal chitin more rapidly than crude chitin or chitin from fungal cell walls. The 

specific method thus adapted in this study for preparing colloidal chitin yielded slightly 

higher colloidal than other methods examined by Souza et al. (2009). This method is also 
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relatively quicker than many others and the product is easy to be uptaken by bacteria. 

Studying the chitin degradation rate, Seki (1965) found out that bacterial cultures 

composed of 1010 cells in 1 cm3 of the soil were able to decompose about 30 mg in a day 

at 25°C. He also calculated that in ocean, at 15°C chitin gets decomposed within 140 

days and at 5°C within 370 days, whereas at below 5°C it took 500 days. 

5.2. Isolation and Screening of Chitinolytic Bacteria 

Although chitinolytic bacteria are wide spread in nature, microbes have been 

identified as preferred source of these enzymes because of rapid growth, limited space 

required for cultivation and ease of product separation from fermented broth (Rao et al., 

1998). Chitinase production is found in many microorganisms; and large numbers of 

bacterial species are known to produce chitinases. Considering the richness of microbial 

diversity, there is always a chance of searching new organisms producing enzyme with 

better properties and suitability for commercial exploitation. 

In the present study a total of 85 bacterial strains were isolated from soil and 

water samples. Twelve soil samples were collected for isolation of chitinolytic bacteria 

from the termite influenced natural environments. Two dead termites and water from a 

hot spring were also used as a source samples for isolation of chitinolytic bacteria. Based 

upon the chitin hydrolysis zones thirty bacterial isolates were selected for further study. 

The larger and clearer the zone of chitin hydrolysis, the more efficient the bacterial strain 

was considered. The method was considered as primary quantitative test for confirmation 

of chitinolytic bacteria. The ratio of the zone of chitin hydrolysis to the colony size 

diameter indicates the diffusibility of the chitinolytic exoenzymes. It represents simple 

and inexpensive method for the isolation of chitinolytic bacteria from pool of bacterial 

diversity. Further fifteen isolates were selected on the basis of chitinolytic activity units. 

Of the fifteen isolates twelve were mesophilic and thermostable and three isolates 

represented thermophilic bacteria. Chitin being the second most abundant carbohydrate 

on the planet earth provides plenty of environmental locations suitable for the survival 

and proliferation of the chitinolytic microorganisms. Thus, the copious number of 

bacterial isolates being reported here and in the previous studies is not surprising. 

Organisms containing chitin like fungi and insects produce chitinases for growth and 
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development purpose but bacteria produce chitinases in their saprophytic phase to get 

carbon and nitrogen from chitin polymer. (Donderski and Brzezinska, 2003). In the 

present study 71.42 % of the samples represented soil’s different nature. Soil bacteria are 

excellent source of chitinolytic enzymes and could be used preferably for catabolic 

conversion of chitinous waste into useful products for application in medicine, agriculture 

and biotechnology (Bhattachaya et al., 2007). From 85 isolates only 27 isolates (35.29%) 

showed vivid zone of chitin hydrolysis while the four extremophiles showed less intense 

hydrolysis zones. Shanmugaiah et al., (2008) reported that among the 39 chitinolytic 

bacteria only 11 isolates produced zones of clearance (hydrolysis) on chitin agar medium. 

Similarly Nurdebyandaru et al. (2010) had isolated 25 chitinolytic isolates but proceeded 

further only four on the basis of highest chitnolytic index. Since chitinases are able to 

diffuse through agar, methods to identify chitinolytic bacteria are generally based on 

monitoring the hydrolysis of chitin polymer incorporated into agar medium (Horward et 

al., 2003).  

For isolation of extremophiles water and mud samples from hot springs were 

processed like other samples, except they were incubated in the select medium at elevated 

temperature for isolation as well as for further processing. Production of thermostable 

chitinases employing a suitable organism and economical growth medium is a 

commercially important achievement in the field of fermentation biotechnology (Qazi, 

2013). 

5.3. Identification of the Bacterial Isolates 

Analysis of 16S rRNA gene sequences of the select bacterial isolates revealed that 

majority of them belonged to the genus Bacillus. The results were quite much expected 

ones as members of the genus Bacillus are frequently found in soil. This shows that 

Bacillus species are ubiquitous in soil and endure the extreme conditions of heat, 

desiccation and other fluctuations in environment by forming endospores. Many workers 

reported isolation of diverse species of Bacillus from natural soil. The Bacillus species 

are also the most significant and specific producers of chitinases (Lee et al., 2007; 

Sandalli et al., 2008; Islam et al., 2010; Mukarik et al., 2010).  
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In addition to the partial 16S rDNA sequence similarity indices enabling their 

identification, the bacterial species of the present investigation also expressed high 

similarity in terms of G-C contents to those of Bacillus species. One of the strains was 
Stenotrophomonas, while two belonged to genus Micrococcus. Stenotrophomonas and 

Micrococcus are also known chitinase producers.  

Cellular components of thermophilic organisms (enzymes, proteins and nucleic 

acids) are also thermostable. Apart from resistant to high temperature they are also 

known to withstand denaturants of extremly acidic and alkaline conditions. Thermostable 

enzymes are highly specific and thus have considerable potential for many industrial 

applications (Haki and Rakshit, 2003). All the three thermophilic bacteria of the present 

study were belonged to genus Anoxybacillus and were found as chitinase producers. With 

increasing industrial demands for the biocatalysts that can cope with industrial processes 

at harsh conditions, the isolation and characterization of new promising strains is demand 

of the day (Gupta et al., 2002). Most of the commercially important chitinases are 

derived from Bacillus species. In fact these bacteria are known for their abilities to 

secrete large amounts of chitinases of significant enzyme activity and stability at 

considerably broad range of pH and temperatures. Assessing enzymatic yields of new 

isolates in media is the first step to evaluate their industrial relevance. In the present 

study, the chitinase activities of the isolated Bacillus species and few species of other 

genera were screened at varying and extreme conditions to find out chitinase producer(s) 

suitable of cultivation at desired pH and temperatures.  

 In the present study chitinase gene of S. maltophilia JF66 was targeted and 

amplified. The gene was about 1.7 Kb and it was sequenced. The gene and its sequence 

has been preserved in the laboratory and might be available for DNA recombinant 

technology for its further characterization and/or obtaining higher yields in economically 

feasible ways.  

5.4. Optimization of the Bacterial Growths and Chitinase Yields 

Optimization of chitinase production involved incubation time, pH, temperature 

and nitrogen source. Cost of enzyme production mostly depends upon the operating cost, 

thus a shorter fermentation period with optimum yield would be profitable at industrial 
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scale. For right judgment and decision, one has to estimate the cost, that whether 

operational cost of extending fermentation period would be compensated by the extra 

gain of the required product. Majority of the bacteria reported to produce maximum level 

of chitinase at neutral or slightly acidic pH (Sharaf, 2005; Zhang et al., 2004; Kovacs et 

al., 2004). Highest yield of cell growth and chitinase activity for B. cereus JF1 

(449.981U/ml), B. cereus JF9 (429.446U/ml), B. cereus JF16 (495.736U/ml), B. 

licheniformis JF62 (382.610), S. maltophilia JF66 (390.536U/ml), A. beppuensis JF82 

(349.98U/ml) and A. rupiensis JF85 (341.37U/ml) was recorded at initial pH 6 of the FJ 

medium. Brzezinska and Donderski, (2001) also found highest chitinase activity at pH 6 

for Aeromonas species. A considerable change in specific enzyme activity was also 

observed at various pH values. These findings indicated that isolates B. cereus JF1, B. 

cereus JF9, B. cereus JF16, B. licheniformis JF62 and S. maltophilia JF66 were slightly 

acidic chitinase producers. Zhang et al. (2001) isolated S. maltophilia C3 producing 

chitinases with optimum pH range 4.5 to 5.0. It has been noted that microorganisms are 

dependent on the extracellular pH for their cell growth and enzyme production. 

Maximum chitinase production has been reported in pH ranges of 5 to 8 for different 

Bacillus species (Nurdebyandaru et al., 2010).  The pH requirement varies from species 

to species or even in different strains of the same species isolated from different habitats. 

It was found for initial pH 7 or below, the pH increased as the growth increased but 

above 7 initial pH the order of pH change was inverse. The bacteria B. cereus JF14, B. 

cereus JF20, B. licheniformis JF38 and B. cereus JF70 showed maximum chitinase 

activities of 398.102 U/ml, 453.944 U/ml, 492.854 U/ml, 552.659 U/ml respectively at 

pH 5 which is in accordance with the work of Donderski and Trzebiatowskabut (2000) 

who found pH 5 optimum for Bacillus pumilus and Bacillus firmus. While the bacteria B. 

cereus JF68 and A. rupiensis JF83 expressed 659.3 U/ml and 389.32 U/ml of chitinases at 

neutral pH. Mubarik et al. (2010) and Gomaa (2012) also showed maximum chitinase 

activity at 7 pH for Bacillus sp. and B. thuringienesis respectively. The bacteria 

Micrococcus sp. JF59 and JF 81 exhibited maximum enzyme activity 433.769 U/ml and 

435.570 U/ml at pH 8. Similar results were obtained by Vaidya et al. (2001) for 

Alcaligenes xylosoxydans and Shanmugaiah et al. (2008) for B. laterosporous.  
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Regarding the effect of incubation temperature, maximum enzyme yields of 

641.65 U/ml, 612.10 U/ml, 462.23 U/ml, 512.31 U/ml, 558.42 U/ml, 548.7 U/ml and 

525.99 U/ml for B. cereus JF1, B. licheniformis JF38, Micrococcus sp. JF59, S. 

maltophilia JF66, B. cereus JF68, B. cereus JF70 and Micrococcus sp. JF81 respectively 

at 35°C. While the bacteria B. cereus JF9, B. cereus JF14, and B. cereus JF20 exhibited 

their maximum chitinase activities at 40oC. Decreases both in cells growth and enzyme 

yield observed at other incubation temperatures defined the temperature optima 

delineatly. The production of chitinases was found to be growth depended which is a 

common phenomenon in many fermentation processes. The wide spectrum of 

temperature and pH for the production of bacterial chitinases indicated their potential of 

applications under different conditions. Priya et al. (2011) and Das et al. (2012) also 

found 35°C temperature for maximum chitinase production by Bacillus 

amyloliquefaciens and Streptomyces sp. respectively. The bacteria B. licheniformis JF62 

showed maximum chitinase activity at 45°C. Kuk et al (2005) reported comparable 

results for chitinase with Aeromonas sp. In case of thermophiles A. beppuensis JF82 and 

A. rupiensis JF85 exhibited their highest growth at 55°C, while A. rupiensis JF83 at 60ºC. 

Extracellular chitinase production is also reported to be influenced by media 

components such as carbon and nitrogen sources (Bhushan, 1998; Dahiya et al. 2005). 

Complex nitrogen sources are usually needed for chitinase production. However, 

requirement for specific nitrogen source might differ from organism to organism, or even 

among the strains of same species isolated from different sources. The bacteria B. cereus 

JF1, B. cereus JF16 and B. licheniformis JF38 showed maximum chitinolytic activity of 

608.86 U/ml, 631.92 U/ml and 775.31U/ml respectively in a medium containing Trypton 

as nitrogen source. Whereas the bacterium B. cereus JF1 showed comparable chitinase 

production with yeast extract, peptone, tryptone and urea.  The specific chitinase activity 

of B. cereus JF16 was found considerably higher in the presence of peptone as compared 

to tryptone nitrogen source. Yeast extract proved to be one of the best nitrogen source for 

the bacteria B. cereus JF9, B. cereus JF14, B. licheniformis JF62, B. cereus JF70, A. 

beppuensis JF82 and A. rupiensis JF83. Chakrabortty et al. (2012) also reported yeast 

extract for high production of chitinases upto 9.56 U/ml. The bacterium B. cereus JF68 

and A. rupiensis JF85 exhibited maximum chitinase activity when grown in medium 
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containing peptone as nitrogen source. Presence of peptone and tryptone in the growth 

medium has been reported to substantially improve the production of bacterial chitinases 

(Sandhya et al., 2004; Al Almadi et al., 2008; Essghaier et al., 2010). Urea has escalated 

chitinase yield of bacterium Micrococcus sp. JF59 upto 677.314 U/ml. Provision of yeast 

extract supported more growth of the Micrococcus sp. JF59 but yielded lesser enzyme as 

compared to the urea. Singh (2010) also reported urea as suitable nitrogen source for 

maximum chitinase production from Paenibacillus sp. Gomaa (2012) identified casein 

for the maximum growth of B. thuringienesis.  

Inorganic nitrogen sources also promoted growth as well as chitinase production 

for many of the isolates. The bacteria b. cereus JF20, Micrococcus sp. JF81 and S. 

maltophilia JF66 showed maximum enzyme activities when provided with inorganic 

nitrogen source ammonium nitrate, ammonium nitrate and diammonium hydrogen 

phosphate respectively. However, in the present study organic nitrogen sources 

performed, in general, best than the inorganic nitrogen sources. Other researchers have 

also reported that organic nitrogen sources are better for enzyme production than 

inorganic ones (Huang et al., 1996; Singh, 2010). Maximum yield of chitinase in the 

presence of organic nitrogen source than inorganic nitrogen source, indicates that organic 

nitrogen source is more potent inducer for chitinase biosynthesis. These results are also in 

agreement with those of Vaidya et al. (2001) who reported that organic nitrogen sources 

significantly increased chitinase production in Alcaligenes xylosoxydans. Organic 

nitrogen sources are rich in amino acids and short peptides thus support enzyme 

production.  

In short, level of chitinase production by isolates was found highly responsive to 

the nature of nitrogen sources, with maximum yield mostly in the presence of organic 

source. The nitrogen source has a profound influence on enzyme production as it is the 

ultimate precursor for protein biosynthesis. The nitrogen source can also affect pH of the 

medium, which in turn may influence the activity and stability of the enzyme 

(Nizamudeen and Bajaj, 2009).  
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5.5. Optimization of Chitinases  

Enzymes require optimal conditions for their maximum performance. Enzymes 

with an ionizing group on their active site show a distinct optimal pH that corresponds to 

their natural active forms. Variations in pH of the medium result in changes in the ionic 

forms of active site(s) and hence influence the enzyme activity and the reaction rate. 

Changes in pH may also alter the three-dimensional shape of the enzyme. For these 

reasons, enzymes are active only over certain pH range (Shuler and Kargi, 2002). 

Maximum chitinase activity was recorded at pH 5.0 in majority bacteria of the present 

study. Chitinases from B. cereus JF1, B. cereus JF14, B. cereus JF16, B. licheniformis 

JF38, Micrococcus sp. JF59, B. licheniformis JF62, S. maltophilia JF66, and Micrococcus 

sp. JF81 expressed their activities as 1003.36 U/ml, 1553.49 U/ml, 1203.49 U/ml, 

2524.08 U/ml, 1204.032 U/ml, 2479.76 U/ml, 1039.39 U/ml and 1189.62 U/ml 

respectively at pH 5 and 50oC assay conditions. The corresponding chitinase activities 

dropped to 67.86, 61.24, 49.78, 44.11, 49.70, 50.60, 57.95 and 78.10% respectively at pH 

above 7. Shuler and Kargi (2002) described that chitinase molecules are denatured when 

pH condition is not suitable for them to bind effectively to the substrate. Majority of the 

bacterial chitinolytic enzymes have been reported to work optimally at neutral or slightly 

acidic pH (Kielak et al., 2013). The bacteria B. cereus JF20 and B. cereus JF68 showed 

maximum chitinase activities upto 832.59U/ml and 1193.95U/ml respectively at pH 6 

while B. cereus JF9 could yield 665.79 U/ml at pH 7. In case of thermophiles A. 

beppuensis JF82 and A. rupiensis JF83 showed highest activity at 6 but A. rupiensis JF85 

at pH 7. Brzezinska and Donderski (2001) and Zeki and Muslim (2010) reported similar 

results with maximum chitinase activity at pH 6 by Aeromonas specie and Serratia 

marcescens, respectively. 

The bacterium B. cereus JF70 expressed maximum chitinase activity at pH 9. 

Kuzu et al. (2012) also reported maximum chitinase activity at pH 9 by Bacillus 

thuringienesis subsp kurstaki. Extreme pH optima might be of industrial value in select 

situations. There are several factors affecting optimum pH for crude chitinase, including 

the buffer condition, type and concentration of the substrate and the presence of activator 

or inhibitor as well (Salwa, 2004). Thus, the reaction environment is critical to achieve 

maximum chitinase activity. 
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It was observed that as the pH was increased, the activity of the enzyme decreased 

rapidly. The activity abruptly decreased probably due to enzyme denaturation after 

incubation at extreme pH. The results indicated that majority of the chitinases have acid 

tolerance as they yielded high enzyme activity at low pH. Wang et al. (2001) described 

pH stability of B.cereus and B. alvei in the range of 6 to 9 and 5 to 9, respectively. 

Optimum temperature for the bacterial chitinase was found to be 50°C for B. 

cereus JF16, B. cereus JF20, B. licheniformis JF38, B. licheniformis JF62 and 

Micrococcus sp. JF81 with 2069.41 U/ml, 1575.48 U/ml, 2095.71 U/ml, 2324.48 U/ml 

and 2044.191 U/ml chitinase activity respectively. Rise in temperature promoted enzyme 

activity until 50ºC. Temperature increases thermal energy of the substrate molecules, 

which in turn give substrate sufficient energy to overcome the Gibbs free energy, and 

hence increase the rate of reaction (Price and Stevens, 1986).  

Crude chitinase of B. cereus JF16, B. cereus JF20, B. licheniformis JF38, B. 

licheniformis JF62 and Micrococcus sp. JF81 exhibited optimum activity at 50°C but 

further increase in temperature inactivated the enzyme and the activity decreased down to 

29.45, 13.08, 38.25, 36.96 and 10.91%, respectively at 60°C. Similar results have been 

documented for Serratia marcescens and Paenibacillus sp. (Singh, 2010; Zeki and 

Muslim 2010). In case of thermophiles A. rupiensis JF83 exhibited highest activity at 

60°C but A. beppuensis JF82 and A. rupiensis JF85 at  65°C 

Thermostability of the bacterial chitinases was quite remarkable around 50°C and 

this ability makes them attractive candidates for biotechnological applications 

(Andropouloulou et al., 2002). Sakai et al. (1998) reported thermostability of chitinases 

produced by Bacillus sp which can withstand temperature from 30°C to 80°C.  

In this study, optimum substrate concentration was 0.6% for the bacteria B. cereus 

JF1, B. cereus JF16, B. cereus JF20, Micrococcus sp. JF59, S. maltophilia JF66, B. 

cereus JF70, A. beppuensis JF82 and A. rupiensis JF83 but 0.4 % substrate concentration 

yielded the optimum enzyme activity of B. cereus JF9, B. cereus JF16, B. licheniformis 

JF38, B. licheliformis JF62 and B. cereus JF68. While the bacterium Micrococcus sp. 

JF81 and A. rupiensis JF85 required 0.8% substrate concentration for their optimum 

activity. Like other parameters the microorganisms and their enzymes do vary for their 
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optimal substrate concentrations. For example Mane and Deshmukh (2009) revealed that 

Streptomyces canus and Streptomyces pseudogriseolus showed maximum activity at 

substrate concentration of 1.2 and 1.0%, respectively. 

5.6. Partial Purification of Chitinases 

 Precipitation by ammonium sulphate salt was aimed to increase concentration of 

the chitinases. It was found that chitinases produced by the thermostable bacteria can be 

fractionated with ammonium sulphate at a rate of about 50-80% saturation. It is 

established that at a certain saturation level, water jacket surrounding the proteins by salt 

ions increases, which facilitates the protein precipitation (Rahayu et al., 2004). 

 Dialysis method is typically used for desalting and concentrating the protein 

concentration (Shuler and Kargi, 2002). Dialysis was conducted to eliminate the salt and 

other organic solvent or low molecular weight inhibitors such as sugar or organic acid 

affecting the chitinase activity. Ammonium sulfate precipitation increased the chitinase 

activity at 50-60% and 60-70% saturation levels. The results were similar with the 

findings of Natsir et al. (2013) who also found 60-70% for precipitation of chitinases. 

Chitinase from Actinomycetes has also been reported to fractionate with ammonium 

sulphate at 60% saturation level (Arshad, 2009). In the present study 3.12, 2.07, 3.27, 

5.99, 3.44, 4.91, 2.69, 2.58, 2.89, 3.72, 3.11 and 2.8 folds increases in the enzyme purity 

was observed for bacteria B. cereus JF1, B. cereus JF9, B. cereus JF14, B. cereus JF16, 

B. cereus JF20, B. licheniformis JF38, Micrococcus sp. JF59, B. licheniformis JF62, S. 

maltophilia JF66, B. cereus JF68, B. cereus JF70 and Micrococcus sp. JF81, respectively. 

The increase of total activity and specific activity after dialysis is attributed to removal of 

excess salt (Rosenberg, 1996). Partially purified enzymes are concentrated and free of 

other components of medium/ metabolites produced in cultural conditions except 

proteins. 

5.7. Cultivation of the Chitinolytic Bacteria in Agroindustrial Waste 

Agroindustrial wastes are alternative to the well established nutritive materials 

required for biotechnological fermentation. They are obviously economically 

advantageous due to less cost (Sánchez, 2009). In the present study sugarcane bagasse, 
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whey and wheat straw are used for the cultivation. It was observed that addition of 

ingredients of FJ medium enhanced the growth and exocellular protein yields of the 

bacteria. Growth increased with the incubation time which indicated delayed availability 

of sufficient nutrients present in the waste. In this study 2% aqueous extracts of the 

wastes were used for the bacterial cultivation. A number of bacteria and yeasts of 

biotechnological importance have been successfully cultivated in such agriwastes based 

media in this laboratory (Nazir, 2006; Chaudhary, 2008; David, 2012). Successful 

cultivation of the chitinolytic bacteria in the being reported agriwastes, however, requires 

verification of expression of the chitinases genes of the different bacteria. Further work in 

this laboratory is likely to throw light on this aspect of the low cost substrates’ 

application. 

Solid state fermentation (SSF) was also employed for cultivation of the 

chitinolytic bacteria. Utilization of agro-industrial residues as substrates in SSF processes 

provides an alternative avenue for obtaining value added products. SCB was employed as 

a solid insoluble matrix in the presence of enough water to support microbial growth. The 

solid matrix may serve as inert support for growth (it should be soaked in a nutrient 

solution) (Pandey et al., 2000). However, the SCB is a cellulosic substrate and can be 

saccharified depending upon the microbial ability. Size of the substrate granules is very 

important. For example large particles facilitate aeration but may hinder microbial access, 

reduce substrate contact surface and make the heat transfer difficult (PALMA, 2003). In 

this study 10% SCB was used that supported growth of the isolates in SSF. CFU counts 

revealed that different isolates showed different capabilities in utilizing the sugarcane 

bagasse as solid medium. Further work is required to verify the cellulolytic potential of 

the bacteria as well as their chitinase production potential in absence of the chitin, before 

the SSF of the substrate (SCB) be thought of any biotechnological relevance.  

5.8. Exposure of Termites to Chitinolytic Cultures/ Cell Free Culture 

Fluids 

Chemical control of insect pests is facing problems of development of resistance 

to the chemicals. Therefore, biological control has emerged as an attractive alternative to 

control pest, reducing chemical pesticides that pollute the environment (Bloemberg and 



  246

Lutenberg, 2001). In this regard chitinases represent suitable candidates among the 

enzymes (Martinez et al., 2012). Insects’ mid gut exposed surface is separated from 

epithelium by protective structure called peritrophic membrane made of chitin and 

protein. It is suggested that peritrophic membrane acts as a barrier for mid gut to protect 

against toxins. It is also believed that chitinases hydrolyze the peritrophic membranes 

made of chitin thus facilitating the contact between activated toxins and mid gut 

epithelium bearing receptors (Regev et al., 1996; Bahar et al., 2012). Chitinases, an 

extracellular enzyme, is capable to break down glycosidic bonding of chitin in peritrophic 

membrane and allow passage of all type of components in mid gut. Some bacteria and 

their toxins approach the endothelial cells of the mid gut due to destruction of the 

peritrophic membrane barrier by chitinases (Huber et al., 1991; Langer et al., 2000). 

Hyrolyzing the peritrophic membrane with chitinases is very attractive biological control 

strategy against pests (Regev et al., 1996; El-Tarabilya et al., 2000).  

With growing problem of urban pest control in Pakistan, anti-termite campaign has 

also encroached into urban housing and building material as well. Introduction of new 

formulations has necessitated evaluating their efficacy in the field and laboratory as well. 

Keeping this in view, the present studies were carried out to determine termiticidal effect of 

the bacterial chitinases. In the present study the experiments were performed on two termite 

species i.e., Coptotermes heimi and Heterotermes indicola. These species are threat in Punjab 

(Pakistan) for destruction of house hold wooden structures. On the basis of highest 

chitinolytic activity as well as their thermoduric/ thermophilc nature, six strains (JF1, JF38, 

JF66, JF82, JF83 and JF85) were analyzed for verifying their termiticidal potential. Out of 

these six strains, JF1 is of Bacillus cereus, JF38 is of Bacillus licheniformis,  JF66 is of 

Stenotrophomonas maltophilia and other three strains i.e., JF82, JF83 and JF85 were typical 

thermophiles belonging to genus Anoxybacillus. Termiticidal effect of the bacteria was 

visualized by providing concentrated cultural fluid (supernatant) and whole culture of 

Bacillus cereus JF1, Bacillus licheniformis JF38, Stenotrophomonas maltophilia JF66, A. 

beppuensis JF82, A. rupiensis JF83 and A. rupiensis JF85 for termite feeding. It was found 

that more concentrated enzyme caused high termite mortality. Ten times cell free cultural 

fluid (containing chitinases) exhibited highest termite mortality. The whole culture also 

proved to be termiticidal in general. Cell free cultural fluids of the bacteria Bacillus 

licheniformis JF38, Stenotrophomonas maltophilia JF66, A. beppuensis JF83 resulted into 
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65% mortality while 50-60% mortality of termites was found when 5X cultural fluids of 

Bacillus licheniformis JF38, Stenotrophomonas maltophilia JF66, A. beppuensis JF83 were 

employed using Coptotermes heimi. Fifty per cent mortality was also found when the termite 

species was exposed to the whole cultures. Further 50-60% Heterotermes indicola was 

controlled by 10X and 55% by the 5X concentrations of cultural fluids B. cereus JF1, B. 

licheniformis JF38 and A. rupiensis JF83, respectively. The isolate JF82 caused 45% 

mortality with 10X cultural fluid. Similarly 40% mortality was observed with 10X of cultural 

fluid of the bacterium S. maltophilia JF66.  These results clearly demonstrated the pest 

controlling potential of the bacterial chitinases. Infact chitinases mediated insect control is 

being evaluated with hopes by many workers. For example Otsu et al. (2003) reported that 

the purified chitinase enzyme of Enterobacter cloacae effectively digested chitin 

containing peritrophic membranes of ladybird beetle that had ingested chitinase after 

submergence in chitinase solution and considerably reduced their feeding on tomato 

leaves. Similarly, Liu et al. (2002) have also reported that chitinases could enhance the 

insecticidal activity of B. thuringiensis strain DL5789 up to 2.35 folds against Spodoptera 

exigua.  

It is concluded that bacterial chitinases mediated insect control has indicated 

importance of the strategy in controlling the insect pests in a highly environmental 

healthy way. However, many targets such as application of genetic engineering for higher 

yields of chitinases (Sharma et al., 2011), enzymes stability and efficiency in a given 

environment etc are yet to be achieved. Chitinolytic bacterial endospores’ survival in 

artificial woods or other indoor installations and their (endospores) activation upon insect 

pest feeding and ultimately yielding chitinases to control the pest is a way to be worked 

thoroughly for promising results. 
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CONCLUSION 

 

The present study resulted into isolation, characterization and preservation of 

fifteen chitinolytic bacteria including three thermophiles representing natural soil, hot 

water and dead termites. The bacterial diversity could yield chitinases from 98.324 U/ml 

to 3606.34 U/ml of selective medium broth under the optimum incubation conditions. 

The bacterial diversity could be catogarized as acidophilic, neutrophilic, alkalophilic, 

mesophilic, thermostable and mild thermophilic. Chitinases of these categories of 

bacteria not only performed best around the earmarked incubation conditions but 

following their partial purification they were found to resist more harsh conditions. From 

taxonomic point of view the fifteen bacterial isolates were represented by nine of Bacillus 

species, two of Micrococcus specie, one of Stenotrophomonas specie and three of 

Anoxybacillus species. The later species is known thermophilic although many of the 

others also resisted up to 60°C exposure. Whilst partial purified enzymes of known 

thermophilic bacteria could withstand temperature exposure of 60°C. 

Chitinases have large number of applications. Select situations might demand for 

the enzymes which can work under given conditions of pH, temperature, substrate 

concentration and the incubation period. Thus, diversity of chitinase producers in terms 

of optimum conditions as well as enzyme stability ranges are of vital importance for 

widening their biotechnological applications. One limitation in the provision of 

fermentations mediated enzyme resource is cost of cultivation media. In this regard 

successful cultivation of the chitinolytic bacteria of present study in Sugarcane bagasse 

(SCB), whey and wheat straw are promising for their cost effective scaleable cultivations. 

However, it is yet to be determined that of the preserved bacterial diversity which are the 

bugs who are characterized with constitutive chitinase producing genes. Such information 

will be highly relevant for low cost cultivation of the desired bacteria for the required 

enzyme.  

Demonstration of higher (60-70% mortalities) termiticidal potentials of ten times 

concentrated cell free culture fluids of B. cereus JF1, B. licheniformis JF38, S. 

maltophilia JF66, A. rupiensis JF83 and A. rupiensis JF85 bacteria cultivated in FJ 

medium indicated the termite control as a function of the bacterial chitinases. The 
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enzymes would have been stable while passing through the gut of the animal and could 

possibly have preferred their chitinolytic function. Further work should dig out the 

termites gut interior environmental conditions affecting the enzymes’ catalysis. So that 

along with the exposure at optimum conditions, the chitinase(s) being applied be 

provided with which following ingestion of the material would turn into the enzyme(s) 

optima. Such biochemical maneuvering will definitely enhance termiticidal potential of 

the bacterial chitinases. Around 50% mortalities of the Coptotermes heimi and 

Heterotermes indicola termite species exposed to whole culture fluids of B. cereus JF1, 

B. licheniformis JF38, S. maltophilia JF66, A. rupiensis JF83 and A. rupiensis JF85 

bacterial species in contrast to about 20 to 40 % mortalities corresponding to the cell free 

but non-concentrated (1X) cultural fluid indicated role of ingestion of viable bacterial 

cells/endospores in causing damage to the termites. Future work may concentrate on 

blending of effective concentrations of the bacterial endospores during the final stages of 

artificial wood preparation for rendering the final produce termite-proof, indeed for 

several decades. 
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