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The present study was carried out to investigate the pectinase production and
optimization by bacterial strain Bacillus subtilis MTCC 441. The bacterial strain was
used for pectinase enzyme production by optimizing it in various substrates, carbon
sources , nitrogen sources at different pH, temperature and incubation time period. In
this, study, the optimum pH, temperature and incubation period were found to be 6.5,
370C and 96h. The best carbon and nitrogen source was found to be lactose and
peptone. Finally, the obtained pectinase enzyme was partially purified by ammonium
sulphate precipitation and dialysis method and it was purified by SDS-PAGE.
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INTRODUCTION
The fastest growing segments are enzymes for feed and fuel
production.  Abundant amount of waste materials are produced
by agricultural and fruit processing industries, which possess
considerable disposal problems and ultimately leads to
pollution.  Vast varieties of micro-organisms are present in the
environment which can be exploited for the utilization of waste
material (Vibha and Neelam, 2010).  The increasing energy
demands have focused worldwide attention on the utilization
of renewable resources, particularly agricultural and forest
residues, the major components of which are cellulose, starch,
lignin, xylan and pectin. These materials have attracted
considerable attention as an alternative feedstock and energy
source, since they are abundantly available.  Several microbes
are capable of using these substances as carbon and energy
sources by producing a vast array of enzymes in different
environmental niches. The pectinolytic enzymes catalyze the
degradation of pectic substances which is of great industrial
importance (Nitinkumar et al., 2010). They have a wide range
of applications in food and textile processing, degumming of
plant rough fibres and treatment of pectic wastewaters.
Bacteria, yeasts and fungi under both submerged (SmF) and
solid-state fermentation (SSF) conditions produce these
enzymes.  Bacteria produce mainly alkaline and thermostable
pectinases, while fungi are the major producers of acidic
pectinases.  Pectinases are extensively used in fruit juice
processing (extraction and clarification), vegetable oil
extraction, processing of alcoholic beverages and a variety of
applications in food industries (Ernesto et al., 2006). With the
addition of pectinases the viscosity of the fruit juice drops, the
press ability of the pulp improves, the jelly structure
disintegrates and the fruit juice is easily obtained with higher
yields.  Furthermore, pectin lyase is the only enzyme which is

able to cleave the α - 1, 4 glycosidic bond of highly esterified
pectins such as fruit pectin without the prior action of other
enzyme (Hayarunnisa et al., 2010). Thus the present study was
carried out to check the pectinase producing ability of Bacillus
subtilis MTCC 441 in optimized medium by using orange peel
as a substrate.

positive and 11 were negative and it is verified that it covered
all important dimensions of religiosity

MATERIALS AND METHODS
Collection of bacterial Strain

The bacterial strain Bacillus subtilis MTCC 441 was obtained
from Microbial Type Culture Collection, Chandigarh and it
was screened for pectinase production, by  pectinase screening
plate containing Yeast extract-1g, ammonium sulfate-2g,
Na2HPO4-6g, KH2PO4-3g, citric pectin 5g, Agar 20g (pH
4.0) per litre. After 24 h incubation, the clear zones around the
wells were noted and flooded with 1% cetyltrimethyl
ammonium bromide to confirm as pectinase producer (Mukesh
kumar et al., 2012).

Preparation of Substrates

Orange peels were obtained from a local market and were
dried in hot air oven at 40ºC, ground using a mill and then
autoclaved at 121°C for 15 minutes and stored for further use.

Pectinase Production Medium

A basic liquid medium showing the following composition,
Orange peel powder 0.3g, Sucrose 10g, KNO3 0.6g, KH2PO4-
1g, MgSO4 0.25g, CaCl2 0.1g, NaNO3 2g, K2HPO3 0.5g,
KCl 0.5g and yeast extract 1g  was used for the production of
pectinase. Erlenmeyer flasks containing 100 ml of basal
medium amended with 3% orange peel powder were
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inoculated with one ml of overnight grown bacterial culture
and incubated for 3 days at 37 °C under agitation (125 rpm).
The culture medium was centrifuged and the supernatant was
used as crude enzyme source (Reda, et al., 2008).

Quantitative Assay for Pectinolytic Activity, Biomass and
Protein Concentration

The quantitative assay of pectinase was done by using pectin
as substrate. The reaction mixture containing 0.5 ml of the
crude enzyme and 0.5 ml of pectin in 0.1M acetate buffer with
pH 6.0 was incubated at 40 °C for 10 min. The reaction
mixture was then added with 1 ml of DNS reagent and the
mixture was boiled for 5 min at 90 °C. One milliliter of
Rochelle’s salt was added to stop the reaction. The absorbance
was read at 595 nm. Standard glucose solution was used to
generate standard graph. One unit of Pectinase activity was
defined as the amount of enzyme which liberated 1μm glucose
per min. Bacteria biomass was determined by measuring the
absorbance at 600 nm. The total soluble protein was
determined by Bradford method using BSA as standard (Janani
et al., 2011).

Effect of Incubation Time, Temperature, pH and Substrate
Concentration

The bacteria Bacillus subtilis MTCC 441 was subjected to
different culture conditions to derive the optimum conditions
for pectinase production. Growth and pectinase production
were estimated at regular time intervals (24 36, 48, 72, 96 and
120 h) and selected temperatures (25, 30, 35, 40, 45, 50 and 55
°C), substrate (Orange peel powder) at different concentrations
(0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and, 3.5%) and pH (3.5, 4.5, 5.5,
6.5, 7.5, 8.5, 9.5). All the experiments were carried out in 500
ml Erlenmeyer flask containing 100 ml of basal medium.

Effect of Carbon and Nitrogen Sources

Carbon sources such as glucose, maltose, lactose, starch,
xylose and sucrose, and nitrogen sources such as peptone,
urea, yeast extract, KNO3, NH4Cl, and NaNO3 were
supplemented as individual components to the basal media to
check their effect on pectinase production.

Extraction and Purification

The crude enzyme source was precipitated by 65% saturation
of ammonium sulphate precipitation and dialysis.The partially
purified enzyme from Bacillus subtilis MTCC 441 were loaded
onto a 12% SDS polyacrylamide linear resolving gel overlaid
with a 6% stacking gel. Gels were stained with Coomassie
Brilliant blue R-250 (Li Zu-ming et al., 2008).

RESULTS AND DISCUSSION
Enzymes are well known biocatalyst that perform a multitude
of chemical reaction and are commercial by exploited in the
food, pharmaceutical, clinical diagnostics, detergents and fine
chemical industries. These enzymes mainly function in a
narrow range of pH, temperature and ionic strength. Among
the enzymes Pectinase find novel applications in production of
pectic oligosaccharides as functional food components/ as
prebiotic component (Combo, 2012; Sabajanes, 2012). There
are various wastes accumulating in the environment, among
that fruit peel wastes were considered as the most predominant
substrate due to its vast usage in starch processing industries in
India. In the present study production of pectinase using

Orange peel was carried out and the production conditions
were optimized. The bacterial strain Bacillus subtilis MTCC
441 (Fig 1) was obtained from Microbial Type Culture
Collection and it was screened for pectinase production by
submerged fermentation using orange peel as substrate.

Fig 1 Bacillus subtilis MTCC 44

Fig 2 Production of pectinase enzyme by using Bacillus subtilis MTCC 441

in orange peel substrate medium Studies on production and
secretion of pectinase are important to develop enzyme
systems which could be directly used for converting biomass
into enzymes. So, it is necessary to optimize the fermentation
medium for cost effective production of pectinase. In
submerged fermentation the pectinase production reached
maximum at 96 and 120 h of incubation period and the exact
temperature was found to be 35 °C. Arpita et al., 2011, also
stated that, when the temperature is altered below or above the
optimum the activity is decreased or becomes denatured. The
maximum production of pectinase enzyme was obtained at 37
°C by the Bacillus subtilis. The maximum production of
pectinase enzyme was obtained at pH 6.5 and hence,
considered as optimum. Increase in pH further decreased the
production of enzyme

Fig 3 Purification of pectinase enzyme by ammonium sulphate
precipitation and dialysis

Same results were stated by Arpita et al., 2011, they reported
that, orange peel as substrate at the concentration of 1% with
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Fig 4 Enzyme Profile in SDS- PAGE

the pH of 7.0 was found to be optimum for pectinase
production by Bacillus sp.

The orange peel powder at the concentration of 1% resulted in
maximum enzyme productivity and below and above the
optimal concentration showed decrease in productivity, the
results were similar to Reda et al., 2008. They reported that,
the reduction in the enzyme production was due to the
decrease/limited inoculums concentration. Supplementation of
carbon sources in the form of carbohydrates resulted in
marginal increase in pectinase production by Bacillus subtilis
MTCC 441 during fermentation orange peel.  Highest
production was observed with lactose and glucose. The
synthesis of pectinase was greatly hidden when the bacterium
was grown either on sucrose, but pectinase production was
found to be good when the bacterium was grown on lactose
and glucose. The same results were observed by Ranveer
Singh Jayani et al., 2010. In their study, citrus pectin and
xylose were reported as best carbon source for the pectinase
production by Bacillus sphaericus. While comparing the
pectinase production in different organic sources peptone and
yeast extract was founded to be better than other nitrogen
sources. The purified pectinase was characterized by SDS-
PAGE analysis in denatured conditions. The results of the
study have clearly demonstrated that the, Bacillus subtilis

MTCC 441 have the ability to produce the industrially
important pectinase enzyme using orange peel substrate
amended medium at optimized condition. This study as
suggested to use the orange peel wastes as a substrate for
pectinase production.
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