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 Fig. 6 : Effect of different flask volumes (aeration)on the Pectinase activity of Bacillus  isolates.

Fig. 7 : Effect of D-galacturonic acid on Pectinase production by Bacillus isolates.

Fig. 8 : Effect of Nitrogen source on the Pectinase activity shown by Bacillus isolates.
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Fig. 9 : Effect of  Carbon source on the Pectinase activity  shown by Bacillus isolates.

Fig.10 : Effect of metal ions on the  Pectinase activity of Bacillus isolates.

 Fig.11 : Effect of natural pectin sources on the Pectinase activity of Bacillus isolates.
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Fig. 12 : Effect of  Citrus peels concentration on the Pectinase activity of Bacillus isolates.

Fig. 13 – Growth and enzyme production profile of Bacillus isolates under optimized parameters  and media.

Fig. 14 - Survival curve of  UV mutant Bacillus isolates
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Fig.15– Pectinase activity of  UV mutant isolates

  Fig.16 - Survival curve of  H
2
O

2
 mutant isolates

 Fig.17 – Pectinase activity of  H
2
O

2 
mutant isolates.
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Among different nitrogen sources (Fig.-8),Peptone,

Gelatin, Casein and Potassium nitrate were the best Pectinase

inducers for both the Bacillus sp. This might be due peptone

and gelatin are natural nitrogen sources. Where as in the

case of remaining nitrogen sources Pectinase production

was affected might be due to poor growth of the Bacillus

isolates on these nitrogen sources.

Among carbon sources (Fig.-9), Glucose proved the

best supporting carbon source for both the isolates in

competition with Starch and Mannitol followed by with

moderate response showed by Cellulose, Sucrose and

Maltose. While lactose had no any supportive role in

pectinase production.

During study for effect of metal ions (Fig.10) on the

enzyme activity, among different ions, Magnesium sulphate

showed increase in enzyme activity viz. 10% for Bacillus

sp. (VM1) and 14% for Bacillus sp. (R2) while other ions

were responsible for decrease in enzyme activity. It was

reported that the formation of a chelate complex between

the substrate and the metal ions could form a more stable

metal- enzyme- substrate complex and stabilizing the

catalytically active protein confirmation.

On use of natural pectin source (Fig.11 & 12) , citrus

peels had shown maximum activity for both the isolates. On

comparison for pectinase production under solid state

fermentation (SSF) and submerged fermentation (SmF), The

SSF (data not shown) showed higher pectinase for both the

isolates viz. for Bacillus sp. VM1 (9.7 micro mol/min./ml)

and for Bacillus sp. R2 (9.3 micro mol/min./ml).The SSF is

usually simpler and can use wastes of agro industrial

substrates for enzyme production (Abhasi H. etal., 2011).

The minimal amount of water in SSF allows the production

of metabolites in a more concentrate form making the

downstream processing less time consuming and less

expensive. Higher production of pectinase in solid state

fermentation process may be due to reason that solid

substrate not only supplies the nutrient to the microbial

cultures growing in it, but also serves as anchorage for the

cells allowing them to utilize the substrate effectively

(Bayoumi R.A. et al., 2008).

When the growth and enzyme production profile of

Bacillus isolates was studied, a rapid increase in biomass

during first 72 Hrs. of fermentation was observed, after which

the growth became almost constant probably due to

exhaustion of nutrients in the culture medium. The enzyme

production started increasing after 32 Hrs. and reached its

maximum after a 72 Hrs. remain stagnant for longer .The

results under optimized conditions were compatible with

enzyme production under non optimized conditions( Fig.13).

The adverse effects of physical & chemical mutagen

were seen as decrease in cfu/ml and enzyme activity after 20

min. of UV exposure and at 2.0 ml concentration of Hydrogen

peroxide in media (Fig.14 to Fig.17). Therefore strain

improvement can be tried by using other standard

conditions/agents in order to achieve strain improvements

for enzyme production.

On applications of crude enzyme for Bioscouring of

cotton fabric and decrease in viscosity of apple juice,

pectinase from both the isolates showed good response in

the given time with enhanced activity for pectinase from

Bacillus sp.(R2) comparatively (Table-1 and Fig.18 -19).

Conclusion

The present study made a successful primary attempt

to enrich and isolate the potential bacterial strain from the

natural reservoir (rotten agro-industrial wastes) producing

industrially important pectinase enzyme. The isolated both

bacterial strains were identified as Bacillus sp. The

production and optimization studies revealed that isolates

requires 40oC, pH 7.0, 72 Hrs. of incubation time , 4.0 ml of

1X108  cells/ml culture density, Glucose(Carbon source),

Peptone (Nitrogen source), 0.9 % (w/v) of D-Galacturonic

acid (w/v), and Large volume flask for higher pectinase

enzyme production. Citrus peels and Magnesium sulphate

acts as a good agro waste substrate and supplement

respectively. Weighing all its potent pectinase applications,

more emphasis is to be laid not only on screening the novel

pectinolytic bacteria, but also on production of high yielding

strains. Utilization of fruit processed industrial byproducts

and wastes as substrate acts to recycle the waste and to

decrease the production cost making it economical. Hence

furious work in this area is found to be an adept opportune

both to the researches and to be industry.
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