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ABSTRACT
Aim: Pectinases are an enzyme group that catalyzes pectin substance degradation through depolymerization (hydrolases and lyases) and
deesterification (esterases) reactions. Method: The present investigation is envisaged to study the production of alkaline and thermostable
polygalacturonase using isolated soil Bacillus subtilis(C4) by submerged fermentation. The potential of the isolate was compared with that
of procured ones. Effect of fermentation factors like incubation time, temperature, pH, inoculum age, inoculum volume, agitation speed,
carbon and nitrogen sources were optimized. Effect of crude substrates like corn, bajra, white jower, yellow jower, wheat bran, lemon peel,
lemon pulp, papaya peel, mango peel, apple pomace and orange peel were tested. Result: Process parameters like incubation time (19.65U/
mL), temperature (28.08 U/mL), pH 10.0, inoculum volume(1mL), inoculum age (24h) and agitation (150rpm) were studied for maximum
production of polygalacturonase. To the optimized medium, different carbon, nitrogen and amino acids supplements were used for the
enhancement of enzyme activity. Polygalacturonase production significantly improved when yellow jower was used as a carbon source(42.64U/
mL) and casein (45.69 U/mL) as nitrogen sources. Cysteine, glycine, arginine and histidine also stimulated polygalacturonase activity.
Conclusion: The present study suggests that the new soil isolate Bacillus subtilis C4 is a good producer of polygalacturonase. Yellow jower
as a carbon source significantly influenced enzyme activity. Considering the process advantages of thermostable enzyme and wide applications of alkaline polygalacturonase, the new soil isolate Bacillus subtilis C4 is a potential candidate for commercial exploitations.
KEYWORDS::Polygalacturonase, Bacillus subtilis,yellow jower etc.
1. INTRODUCTION
Enzymes are proteins that catalyze the chemical reaction both biosynthetic and degradative occurring in living cells. Pectic substances
are high molecular mass glycosidic macromolecules found in higher
plants. They are present in the primary cell wall and are the major
components of the middle lamellae, a thin extracellular adhesive layer
formed between the walls of adjacent young cells. In short, they are
largely responsible for the structural integrity and cohesion of plant
tissues1. Pectinases are an enzyme group that catalyzes pectin substance degradation through depolymerization (hydrolases and lyases)
and deesterification (esterases) reactions. One of the most important
and widely used commercial pectinase is polygalacturonase. Polygalacturonase catalyse hydrolysis of a-1, 4-glycosidic linkage in poly
galacturonic acid producing D-galacturonate2 . Pectinolytic enzymes
are naturally produced by many organisms like bacteria, fungi, yeasts,
nematodes, protozoan and plants. Alkaline pectinases are generally
produced by bacteria particularly species of Bacillus, but are also
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made by some filamentous fungi and yeasts3 and acidic pectinases
are produced by fungi. Selection of the microbial source for polygalacturonase production depends on several features, such as the type
of culture (solid-state or submerged fermentation), number and type
of the produced pectinases (esterases, hydrolytic depolymerases
and eliminative depolymerases), pH and thermal stability of the enzymes, and genotypic characteristic of the strain4.
Submerged fermentation and solid state fermentation have been successfully used in pectinase production by fungi5 and bacteria6. Pectinase production occupies about 10% of the overall manufacturing
of enzyme preparations. These enzymes are widely used in the food
industry in the production of juices, fruit drinks and wines7.
They may be used in the pretreatment of waste water from vegetable
food processing that contains pectin residues, the processing of textile fibers such as flax, jute and hemp, coffee and tea fermentation,
vegetable-oil extraction and the treatment of paper pulp8.
2 MATERIALSAND METHODS
2.1 Microorganisms
Streptomyces lydicus (MTCC 4067), Bacillus pumilus (MTCC 1456),
Aspergillus niger (MTCC 281), Bacillus subtilis C4 (isolated) were
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used in this study. First three cultures were procured from Microbial
Type Culture Collection, MTCC),Chandigarh, India and the fourth
one was isolated from the soil, identified, maintained in nutrient agar
and subcultured monthly. All the chemicals and reagents used were
of analytical grade and obtained from reputed chemical manufacturers. The isolated pure cultures were screened for extracellular polygalacturonase using agar media containing pectin as a substrate(plate
assay). Three replicates were prepared for each sample.
2.2 Polygalacturonase production by submerged fermentation
Erlenmayer flasks(250mL) containing media composed of 2g of KH2PO4,
1g of (NH4)2 SO4, 1g of MgSO4, 0.95g of Na2HPO4 2 H 2O, 1g of yeast
extract, 5g of pectin were taken in 100ml of distilled water. The medium
was inoculated with 1mL of a spore suspension of isolated Bacillus
subtilis and cultivated at 500 C for 48h. After 2days of incubation the
medium was centrifuged at 5000rpm for 15min and the supernatant
was taken for the assay of amount of galacturonic acid produced.
2.3 Polygalacturonase assay
Polygalacturonase activity was assayed by the colorimetric method
of Miller9. 0.5mL of supernatant was incubated with 1.0%w/v of pectin at 40 0C for 10min under static conditions. After adding 3mL of di
nitro salicylic acid, the mixture was boiled for 15min and finally diluted to 5mL with distilled water. The absorbance was measured at
540nm. One unit (U) of polygalacturonase was defined as 1µmole of
galacturonic acid released per mL-min.
2.4 Polygalacturonase production by submerged fermentation
The fermentation medium was prepared by using following ingredients (Table 2.1 ). The flasks were sterilized at 1210C at 15lb/sq inch
pressure. The sterilized medium was inoculated with 1mL of 12h culture of Bacillus subtilis maintaining a pH of 7.2. The flasks were
incubated at 370C for 2 days.
Table 2.1 Composition of fermentation medium6
S.No

Medium Components Quantity g/mL

1
2
3
4
5
6
7
8

KH2 PO 4
(NH4)2 SO4
MgSO4
Na2HPO4 2 H2O
Yeast Extract
Pectin
Distilled water
pH

2
1
1
0.95
1
5
100
7.2

2.5 Optimization of process parameters
Fermentative factors like incubation time, incubation temperature,
pH, inoculum age, inoculum volume, agitation speed, effect of carbon
source, organic nitrogen and inorganic nitrogen were optimized. The
strategy adopted for standardization of fermentation parameters was
to evaluate the effect of an individual parameter and incorporate it at
standard level before standardizing the next parameter.
2.5.1 Effect of Incubation time
In order to determine the optimum fermentation time, the fermentative

medium was prepared, sterilized and inoculated with 1mL of 12h culture of Bacillus subtilis, incubated at 370C for 12,24,36,48,60,72 and
84h and samples were drawn aseptically at12h intervals and estimated for polygalacturonase activity.
2.5.2 Effect of Incubation temperature
To determine the effect of incubation temperature on the production
of polygalacturonase the fermentation medium was prepared in 250mL,
each flask was inoculated and incubated at a range of 5 0C - 600C
temperatures with 50C increments.
2.5.3 Effect of pH
To determine the effect of pH on the production of polygalacturonase, the fermentation medium was adjusted to various pH ranging
from 4-12 with pH interval of 1.0 and each flask was sterilized, inoculated and incubated.
2.5.4 Effect of Inoculum volume
To determine the effect of inoculum volume on the production of
polygalacturonase, each flask was sterilized, inoculated with
0.8×10 2CFU/mL different inoculum volumes of 0.75,1.0,2.5,
5.0,7.5,10,12.5 and 15mL of 12h inoculum and incubated.
2.5.5 Effect of Inoculum age
In order to determine the optimum inoculum age, each flask was inoculated with inoculum of varying inoculum age ranging from 12h to
48h with 12h interval and assayed for enzyme activity.
2.5.6 Effect of Agitation speed
In order to determine the optimum agitation speed, each flask with
fermentative medium was inoculated and subjected to various rpm
viz. 120,150,180 and 210, incubated and assayed for the presence of
enzyme.
2.5.7 Effect of Carbon source
To determine the effect of carbon source on enzyme activity, the
fermentative medium in each flask was added with 1%w/v concentration of various natural materials like corn, bajra, white jower, yellow
jower, wheat bran, lemon peel, lemon pulp, papaya peel, mango peel,
apple pomace, orange peel and carbohydrate sources like starch,
cellulose, maltose, sucrose and glucose assayed for enzyme activity.
2.5.8 Effect of Nitrogen source
To determine the effect of nitrogen source on enzyme activity, the
fermentative medium in each flask was added with 1%w/v concentration of organic nitrogen source which include casein, peptone and
gelatin and inorganic nitrogen sources of 0.1%w/v like ammonium
citrate, ammonium chloride, ammonium oxalate, urea, ammonium sulphate, ammonium nitrate and ammonium molybdate inoculated, incubated and assayed for enzyme activity.
2.5.9 Effect of Amino acid
To determine the effect of amino acid on enzyme activity, the fermentative medium in each flask was added with 1mM conc. of various
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amino acids like cysteine, glycine, arginine, leucine, glutamic acid,
phenylalanine, ornithine, tryptophan, histidine and alanine sterilized,
inoculated, incubated and assayed for enzyme activity.

14mm and Streptomyces lydicus (MTCC 4067) has shown only 10mm
zone (Table 3.2 and Fig.3.1).
Table 3.2 Comparison of polygalacturonase production of the new
isolate with procured species

3 RESULTS AND DISCUSSION
3.1 Isolation of polygalacturonase producing bacteria
A total of 66 colonies were isolated from four soil samples, on the
basis of macroscopic characters and microscopic observations, eliminating those that appeared close to each other. All 66 isolated colonies were tested for their polygalacturonase potential using plate
assay.

S.No.

Microorganism

Zone(mm)

1.
2.
3.

Streptomyces lydicus (MTCC 4067) 1 0
Bacillus pumilus (MTCC 1456)
14
Aspergillus niger (MTCC 281)
14

4.

Isolate C4

14

Of the 66 isolated colonies tested, only eight bacterial strains shown
the polygalacturonase potential. Of the 8 positive isolates, C4 was
showing relatively high activity. (Table 3.1 a and b)
Table 3.1(a) Screening of microorganisms having polygalacturonase
activity
Sl.No Source

1
2
3
4
5
6

No. of
bacterial
colonies
isolates

Vegetable market place(MP1)
8
Compost (C)
20
Area surrounding the Musi river (MR) 1 4
Garden(G)
9
Soil near the laboratory
10
Soil in the parking area
5

No. of
isolates shown
polygalacturonase
activity
2
3
2
1
0
0

Table 3.1 (b): Polygalacturonase activity of the isolates by plate assay
S.No

Source

Isolate No.

Polygalacturonase
Activity (mm)

1
2
3
4
5
6
7
8

Vegetable Market
Vegetable Market
Compost
Compost
Compost
Musi river
Musi river
Garden

MP1
MP2
C2
C3
C4
MR1
MR2
G1

4
2
4
2
14
3
5
1

3.1.1 Screening of microorganisms for high polygalacturonase production
Plate assay was adopted for screening the polygalacturonase10. Pure
culture was inoculated into the pectin agar medium and incubated at
37ºC for 48h. After the colonies reached around 3 mm, iodine-potassium iodide solution (1.0g iodine, 5.0g potassium iodide and 330mL
H2O) was added to detect clear zones.
Four cultures were used for the assay, out of which Streptomyces
lydicus (MTCC 4067), Bacillus pumilus (MTCC 1456), Aspergillus
niger (MTCC 281) were procured from MTCC, Chandigarh and isolate C4 isolated from soil. Bacillus pumilus (MTCC 1456), Aspergillus niger (MTCC 281) and isolate C4 shown maximum clear zone of

Fig 3.1 Plate assay of isolate C4 showing clear zone
3.2 Optimization of polygalacturonase production by one factor at a
time approach
A wide range of fermentation conditions like time, temperature, pH,
inoculum volume, inoculum age, agitation speed, effect of carbon
source, nitrogen source and aminoacids were studied for the production of polygalacturonase of Bacillus subtilis C4 under submerged
fermentation.
3.2.1 Effect of Incubation time
The effect of incubation period on enzyme activity was tested by
incubating the medium for various time intervals ranging from 12h to
84h. Enzyme activity increased gradually and high titer (19.65U/mL)
was observed at 48h of incubation and the activity of enzyme is
almost constant till 72h thereafter, the activity decreased slightly either due to decrease in nutrient availability in the medium or catabolic
repression of the enzyme11 (Fig 3.2). The reduction in pectinase production after 72h might be the result of change in pH during fermentation 12 or due to the denaturation or decomposition of enzyme due
to interaction with other components of medium13.
Similar findings also reported 73h to be optimum incubation time for
maximum polygalacturonase activity by a diploid construct from two
Aspergillus niger over producing mutants15. It was reported that
there was gradual increase in production from 24th h and highest
production occurred at 36thh and stated that bacteria should have
maintained its log phase from 24 to 36h16.
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till pH7.0 thereafter it decreased and again attained a maximum value
at pH10. The reduction in pectinase production might be due to denaturation or decomposition of enzyme due to interaction with other
components of the medium13 (Table 3.3).
Similar findings reported that most of the Bacillus sp. produce high
amount of pectinase between pH 7-921. It was reported that medium
pH declined from 7.5 to 7.2 within 6h and thereafter, started to rise
again till it reached 9.3 and this might be due to the fact that organic
nitrogen was consumed when polygalacturonase was produced by
Bacillus sp22.
Table: 3.3 Effect of pH

Fig. 3.2. Effect of Incubation time
3.2.2 Effect of Incubation temperature
Effect of incubation temperature on polygalacturonase production
was tested at different temperatures ranging from 50C - 600C. The
enzyme activity gradually increased with increasing temperature and
reached maximum (28.08 U/mL) at 500C. Thereafter, the enzyme production decreased which may be due to enzyme denaturation (Fig.
3.3).
At higher temperature, the maintenance energy requirement for cellular growth is high due to thermal denaturation of enzymes of the
metabolic pathway results in minimum amount of product formation.
At low temperatures the transport of substrate across the cells is
suppressed and lower yield of product is attained 17.
Polygalacturonase production using Bacillus subtilis was stable in
neutral to alkaline pH range at 700C18. Similar findings reported optimum temperature for PG and PME activities at 500C when Bacillus
licheniformis was used20.

pH

Activity (U/mL)

4
5
6
7
8
9
10
11
12

13.83
21.32
25.90
28.06
22.84
23.40
30.18
29.94
25.96

3.2.4 Effect of Inoculum volume
Different inoculum volumes of 0.75,1.0,2.5,5.0,7.5,10.0,12.5 and 15.0
(%v/v) (0.8×102CFU/mL) were tested to determine the optimum inoculum volume for maximum polygalacturonase production.
The optimum inoculum volume needed to produce the highest yield
of enzyme was 1.0mL (30.10U/mL).Optimum inoculum size of 1mL was
able to provide enough biomass with optimal length of log phase
leading to high levels of enzyme production. Further increase in inoculum decreased the enzyme production. This condition could be
due to competition for the nutrients among the bacterial cells. Adequate nutrient supply could be the reason of higher enzyme production with optimum inoculum volume24. When the inoculum volume
was increased more than 1mL, the activity decreased (Table 3.4). This
may be due to the amount of pectin which was limited in 250mL flask
and any increasing inoculum volume does not produce any increase
in the yield of polygalacturonase 25.
High inoculum levels are inhibitory in nature and high inoculum density leads to population overcrowding, high nutrient competition and
rapid exhaustion of nutrients. The lower inoculum density, may give
insufficient biomass causing reducing product formation26
Table 3.4 Effect of Inoculum volume

Fig. 3.3. Effect of Incubation temperature
3.2.3 Effect of pH
A gradual increase in polygalacturonase production was observed

Volume(mL)

Activity (U/mL)

0.75
1.0
2.5
5.0
7.5
10.0
12.5
15.0

25.78
30.10
18.78
6.89
4.71
3.92
3.88
3.84

Journal of Pharmacy Research Vol.8 Issue 2.February 2014

106-112

M.P.Kusuma et al. / Journal of Pharmacy Research 2014,8(2),106-112
3.2.5 Effect of Inoculum age
Effect of inoculum age was tested by inoculating the fermentative
medium with 1mL inoculum of varying age 12h, 24h, 36h and 48h and
the filtered broth was assayed for enzyme activity.Maximum
activity(30.17U/mL) was observed when 24h inoculum was used.
Thereafter the activity decreased which might be due to the fact that
the younger cultures being nonsporulating, entered the growth phase
very soon, while the older culture produced spores which took
longer time to germinate, and therefore, the enzyme production was
low27 ( Table 3.5).
Table 3.5 Effect of Inoculum age
Age of the Inoculum(h)

Activity (U/mL)

12
24
36
48

29.20
30.17
27.48
21.59

cose and sucrose. Each carbon source were incorporated at 1%w/v
concentration into the fermentation medium in place of pectin. Polygalacturonase production was significantly increased about 33%
when yellow jower was used as a carbon source (42.64U/mL), while
wheat bran also increased the production (36.64U/ml) (Table 3.7).
Whereas sucrose, starch, cellulose have repressive effect. Similar
results were observed where all the tested carbon sources failed to
induce polygalacturonase production by growing Bacillus firmus-I10104 on Solanum tuberosum peels under SSF conditons25.
1%w/v apple pectin showed maximum polygalacturonase production
at 370 C after 48h incubation when carbon sources were tested in the
production of pectin depolymerising enzyme using Bacillus
licheniformis KIBGE IB-2133. Glucose, sucrose, starch, cellulose did
not have any affect which might be due to catabolite repression16.
Table 3.7 Effect of Carbon source on polygalacturonase
Carbon source(1.0%w/v)

3.2.6 Effect of Agitation speed
The effect of agitation speed was studied by subjecting the fermentation medium to various rpm viz. 120,150,170 and 200.The optimum
agitation speed required to produce greater polygalacturonase production was 150rpm(30.19U/mL) (Table 3.6). Speed greater or lesser
than this produced less polygalacturonic acid. At this speed sufficient aeration must have been present which will provide sufficient
dissolved oxygen to the medium29.
It was observed that increase in mixing help the microbial synthesis
of enzyme which consequently increases the assimilation of sugars30. The cell growth started to decline after achieving the maximal
production. This condition could be due to shear forces derived from
higher agitation speed where collision among the cells occurred and
damaged them24. At lower agitation speed, the inadequate mixing of
the broth towards the later stages of growth affected the enzyme
synthesis, while the drastic dropped in enzyme activity at higher
agitation speeds was due to shearing effect on the cells. Changes in
morphology of microorganisms caused by agitation speed also influenced enzyme production and growth of the microorganisms31.
Table 3.6 Effect of agitation speed
Agitation speed(rpm)

Activity (U/mL)

120
150
180
210

28.27
31.19
29.48
26.70

3.2.7 Effect of Carbon source
To determine the effect of carbon sources on enzyme production,
different carbon sources were tested which include natural materials
like husks of corn, bajra, white jower, yellow jower, wheat bran, lemon
peel, lemon pulp, papaya peel, mango peel, apple pomace and orange
peel and various carbohydrates like cellulose, starch, maltose, glu-

Control
Corn
Bajra
White Jower
Yellow Jower
Wheat bran
Lemon peel
Lemon pulp
Papaya peel
Mango peel
Apple pomace
Orange peel

Activity (U/mL)
31.19
26.42
23.85
30.92
42.64
36.64
29.98
20.90
27.39
28.35
30.85
26.05

Carbohydrates
Cellulose
Starch
Maltose
Glucose
Sucrose

21.88
24.13
26.91
29.38
25.49

3.2.8 Effect of Nitrogen source
The effect of different nitrogen sources was studied by introducing
1%w/v concentration of organic nitrogen sources and 0.1%w/v of
inorganic nitrogen sources.
The polygalacturonase production marginally improved in the presence of casein (45.69 U/mL) followed by ammonium sulphate (43.95
U/mL) whereas other sources tested have repressing effect on enzyme activity (Table 3.8). Similar reports states that casein hydrosylate
was found to enhance the polygalacturonase activity up to 20% and
ammonium chloride decrease the enzyme activity up to 10%14 and
yeast extract was found to the best nitrogen source for bacterial
isolate to produce pectinase enzyme compared to other nitrogen
sources like ammonium sulphate, tryptone, peptone and potassium
nitrate16.
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Table: 3.8 Effect of Nitrogen source on polygalacturonase production
Nitrogen source

Activity (U/mL)

ACKNOWLEDGEMENTS
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Organic nitrogen
Casein
Peptone
Gelatin

45.69
29.78
23.95

Inorganic nitrogen
Ammonium
Ammonium
Ammonium
Urea
Ammonium
Ammonium
Ammonium
Control

citrate
chloride
oxalate
sulphate
nitrate
molybdate

source significantly influenced enzyme activity. Considering the process advantages of thermostable enzyme and wide applications of
alkaline polygalacturonase, the new soil isolate Bacillus subtilis C4
is a potential candidate for commercial exploitations.

29.05
28.66
25.52
24.34
43.95
24.34
28.66
42.64

3.2.9 Effect of Amino acid
The influence of different amino acids on polygalacturonase activity
was studied by supplementing the aminoacid at 10mM.
Cysteine, glycine, arginine and histidine stimulated polygalacturonase activity. Whereas other aminoacids had an inhibitory effect
(Table 3.9). The results indicate that enzyme production is not a direct
function of cell growth because polygalacturonase production was
having stimulative effect against various aminoacids 32.
The addition of aminoacids and their analogues such as DL-nor Leucine, L-leucine, DL-isoleucine and L-lysine monohydrochloride to
the growth medium stimulated pectinase upto 2.78 fold when Streptomyces sp.QG-11-3 was used 34. Production of an alkaline
polygalcturonase from Bacillus sp MG-CP-2 was also influenced in
the presence of aminoacids, vitamins and surfactants in both SMF
and SSF33 .
Table 3.9 Effect of amino acid
Conc of Amino acid (1mM)

Activity (U/mL)

Control
Cysteine
Glycine
Arginine

45.69
51.24
49.10
48.89

Leucine
Glutamic acid
Phenylalanine
Ornithine
Tryptophan
Histidine
Alanine

29.37
29.48
29.09
15.31
26.31
35.50
36.23

4. CONCLUSION
The present study suggests that the new soil isolate Bacillus subtilis
C4 is a good producer of polygalacturonase. Yellow jower as a carbon
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