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Abstract

The present research finding has shown that optimization of Penicillium chrysogenum culture media in solid state
fermentation process for pectinase enzyme production. Four moulds isolated from garden soil samples of
Andhrahalli area, Bangalore, Karnataka, India and were screened for pectinolytic enzyme production when grown
on pectin containing (YPSS) solid media. Penicillium chrysogenum was selected based on clearance zones and
pectinase enzyme production was carried out in submerged fermentation. Enzyme production by Penicillium
chrysogenum was higher at pH 6.0 and a temperature of 30°C using sucrose and ammonium sulphate as carbon
source and nitrogen source, respectively. The maximal activity of P. chrysogenum pectinase was at 60°C, pH 5.0
and was thermostable up to 70°C. Manganese sulphate had greatest effect on pectinase enzyme activity.
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Introduction

The utilization of microbial enzymes has found broad
technological application in different industrial
processes. Among the various enzymes
commercialized many are products of fermentation of
filamentous fungi (Piccoli-valle et al., 2001). The
genus Penicillium is world wide known for production
of secondary metabolites and extracellular enzymes of
commercial value, including pectinases.

Pectinase are now an integral part of juice and textile
industries (Kashyap et al., 2001) such as maceration of
tea leaves (Angayarkanni et al., 2002); processing of
cotton fabric (Solbak et al., 2005) as well as in various
biotechnological applications (Alkorta et al., 1998,
Jacob & Prema, 2006). The filamentous fungi are most
often used in the commercial production of pectinases.
Microbial production of pectinases has been
extensively studied (Kashyap et al., 2001, Torres et al.,
2006); actinomycetes (Bruhlmann et al., 1994);
Aspergillus flavus (Mellon & Cotty, 2004); Aspergillus
sp. (Angayarkanni et al., 2002); Penicilluim italicum
(Alana et al., 1990); Penicillium viridicatum RFC3
(Silva et al., 2002); Penicillium roqueforti (Pericin et
al., 2007); Penicillium expansum (Cardoso et al., 2007)
and Pectolytic moulds (Fawole & Odunfa, 1992).
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New enzymes for use in commercial applications with
desirable  biochemical and  physico-chemical
characteristics and a low cost production have been the
focus of much research (Silva et al., 2002; Malvessi &
Silveira, 2004; Phutela et al., 2005). Enzyme
breakdown of the biomolecules depends up on the type
of enzyme, application, temperature, incubation time,
agitation, concentration, pH and use of different
enzyme preparations (Dominguez et al., 1994; Chadha
et al., 2003). In this context, the objective of the
present study was to produce pectinolytic enzymes by a
newly isolated strain of Penicillium chrysogenum by
submerged fermentation and process evaluation.

Material and Methods

Isolation of fungal species

The 5g of soil sample was collected from Acharya
Bangalore B-School girl’s hostel garden. A quantity of
1.0 mg of soil from each of the collected samples was
dissolved in 9.0 ml of sterile distilled water and serial
dilution was plated on MRBA plate with antibiotics to
restrict bacterial growth and incubated at 37°c. After
the growth of each colony, on the basis of its
morphological characteristics was picked up and
further purified by repeated streaking on YPSS (Yeast
soluble starch agar) agar media. Each fungal culture
was then stored in refrigerator for further experiment
(Alana et al., 1990: Alkorta et al., 1990).
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Screening of soil isolates for pectinolytic activity

A total of 4 isolates from soil were assayed for
polygalacturonase (PG) activity using pectin—
containing agar medium. Culture plates with pectin-
containing agarose were inoculated with each isolate
and incubated for 3-5 days at 27°C. After incubation,
plates were stained with aqueous 0.05% ruthenium red
solution for 30 min and rinsed with distilled water.
Culture expressing pectinase activity exhibited a clear
zone around the margines of the colony. Macroscopic
study a final extension was done by studying growth
rate, colour, texture and topography of colony using
two standard media namely PDA and Czapek Dox.
Microscopic study of Penicillium species was done by
preparing slide mount with lacto phenol cotton blue
stain and observed under light microscope (Alana et
al., 1990: Alkorta et al., 1990).

Enzyme production by submerged fermentation

The fungal culture was used to produce pectinase
enzyme using liquid medium (g/L) containing citrus
pectin — 10g/L ; (NH4),SO4 -1.4g/L ; K,HPO, - 6g/L ;
MgS0,.7H,0 — 0.1g/L ; pH - 6 . Fermentation was
carried out in 500mL conical flask containing 250mL
of growth medium with 10% inoculum and incubated
at 30°C under shaking conditions (175 rpm) for 4 days.
The biomass was separated by centrifugation at 10,000
*g for 15min at 4°C. The supernatant was used to
evaluate the pectinase enzyme activity.

Culture conditions

The culture conditions [pH between 6 to 8, temperature
from 30°C to 50°C, different carbon sources like
dextrose, mannitol, sucrose and starch and nitrogen
sources like ammonium sulphate, ammonium nitrate,
ammonium chloride & peptone] on selected pectinase
enzyme production was studied.

Pectinase enzyme assay

The polygalacturonase activity was determined by
measuring the amount of reducing substances liberated
from citrus pectin. The reaction mixture consisted of
substrate buffer (0.125 g citrus pectin dissolved in 25
mL of 0.2 M sodium citrate buffer, pH 6.5) and
enzyme solution (0.5 mL). This mixture was incubated
at 37°C for 30 min., heated in a oiling water bath for 5
min and the reaction was stopped by using 3 mL of
DNS reagent. The absorbance was read at 570 nm. One
unit of enzyme activity (U) was defined as 1 umol of
galacturonic acid released per min (Silva et al., 2002).
Protein content

Protein content was determined by the method of
Lowry et al., (1951), using Bovine Serum Albumin
(BSA) as standard.

Results and Discussion

Screening of isolates

Four fungal species isolated from garden soil sample
and morphological characteristics were examined.
Fungal isolates were further screened by yeast soluble
starch agar (YPSS) plate method and the zone of
clearance was calculated. Penicillium chrysogenum
culture had a zone of clearance above 3cm. On the
basis of screening method, the isolate Penicillium
chrysogenum found to be a potential source of
pectinolytic enzyme. This culture was used for
optimization of pectinase production using shake flask
submerged fermentation process.

Fig. 1: Pure culture of Penicillium

i .
Fig. 2: Penicillium chrysogenum showing
chrysogenum zone of clearance maximum

Optimization of culture conditions

The temperature and pH of the cultivation medium are

important factors in the pectinase production, which

may influence the sort and content of those enzymes
produced by filamentous fungus. The strong effect of
pH on the production of endo pectinase was clearly
observed in flask cultures, where pH value 6-8, and
temperature 30°C-50°C were tested for crude enzyme
production (Fig 3,4,5) . The maximum pectinase
activity was found with an initial pH of 6 at
temperature 30°C, activity reaching 0.696 pg/ml/min
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on fifth day of incubation. When the temperature was
maintained at 40°C and 50°C with pH 6, the enzyme
activity was found to be 0.516 pg/ml/min and 0.468
pg/ml/min respectively on fifth day of incubation. By
keeping the pH constant at pH 7, the enzyme activity
was measured as 0.576 pg/ml/min at 30°C, 0.504 at
40°C and 0.396 pg/ml/min at 50°C whereas by keeping
pH 8 as constant, it was seen that the enzyme activity
was found to be 0.612 pg/ml/min at 30°C, 0.444
pg/ml/min at 40°C and 0.336 pg/ml/min at 50°C. So
optimum pH for enzyme production was found to be 6
and optimum temperature was found to be 30°C. Either
increase or decrease beyond the optimum value show
decline in enzyme production. However, the
mechanism by which the pH and temperature both acts
on the same time for the production of pectic enzyme is
not clearly known. Piccolo-valle et al., (2001) observed
that a high pectinase and pectin esterase activity was
showed by P.griseoroseum in more acid pH of 4.5 and
5 and of Pectin Lyase, pH was closed to the neutral 5-
7. P.viridicatum showed maximum production of
polygalacturonase and Pectin Lyase at pH 4.5 and 5
respectively (Silva et al., 2002). The temperature
optima of 30°C, was obtained from a purified culture
fluid of P.frequentans by Chellegatti (2002). This can
give the support to our obtained result.From the
observation it was clear that 30°C was the optimum
temperature  for the growth of micro organisms,
variation was done in different pH and it was seen that
pH 6 was optimum (Fig 3,4,5).
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Fig. 3: Enzyme Activity measured at different
temperatures keeping pH 6
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Fig. 4: Enzyme Activity measured at different
temperatures keeping pH 7
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Fig. 5: Enzyme Activity measured at different
temperatures keeping pH 8
Supplementation of different carbohydrate sources
(dextrose, mannitol, sucrose and starch) to the
production medium increase the pectinolytic activity of
P.chrysogenum (Fig 6.7). When pH 6 and temperature
30°C (both optimum for production) were maintained
constant in production medium, the different
carbohydrate sources showed different effect on
pectinase production respectively. In presence of
sucrose the crude production was maximum (13.7
pg/ml) and enzyme activity was found 0.876
pg/ml/min. In case of dextrose, mannitol and starch,
the production was found 10.2pug/ml, 9.7ug/ml and
5.8ug/ml respectively and enzyme activity was found
0.732pg/ml/min, 0.636pg/ml/min and 0.516pg/ml/min
respectively. So from our data it can be concluded that
the pectinase production rate was highly repressed in
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presence of starch and highly induced for enzyme
production in presence of sucrose. Piccoli-valle et al.,
(2001) obtained significant Pectin lyase (PL)
production by growing P.griseorosum in medium
containing 60-74 uM sucrose.
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Fig. 6: Graph to show the enzyme activity with
different carbohydrates
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Fig. 7: Graph to show the protein concentration

with different carbohydrates
Of the different nitrogenous sources (ammonium
sulphate, ammonium nitrate, ammonium chloride and
peptone) used, peptone has enhanced the production of
P.chrysogenum pectinase when medium optimum pH
and temperature were 6 and 30°C respectively (Fig
8,9). Phutela et al., (2005) reported that peptone
followed by ammonium sulphate stimulated pectinase
production more, as in their absence fungus displayed a
slight proteolytic activity and did not produce
extracellular pectinases.
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Fig. 8: Graph showing enzyme activity with
different nitrogen sources
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Fig. 9: Graph showing Protein concentration with

different nitrogen sources
Different metals (zinc sulphate, magnesium sulphate,
manganese sulphate and ferrous sulphate) influenced
on enzyme activity was also studied (Fig 10). Optimal
activity was observed at 1mg/ml of manganese
sulphate (0.888pug/mL/min) and least activity was
found in presence of 1mg/ml of zinc sulphate
(0.348pg/mL/min). It may be suggested that the active
sight of pectinase was influenced by magnesium
sulphate to catalyse the hydrolytic reactions and
negative cooperativity was shown by zinc sulphate
(Hla et al., 2005).
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Enzyme activity with different metals
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Fig. 10: Enzyme activity after addition of various
metals

The pectinase activity of P.chrysogenum was found to
be highest at pH 6.0 using phosphate buffer. Marcia et
al.,(1999) studied the stability of pectinase against
different pH. Their result indicated that the enzyme
was stable in a pH 6-8 and showed highest activity at
pH 5.0. Martin et al.,(2002) reported that pectinase
from Penicillium sp. was stable at pH range of 3-8 and
maintained 70% of initial activity at 70°C. In this
study, pectinase produced by P.chrysogenum was
stable in neutral pH (6-8) and was stable in temperature
60°C. Different metals (zinc sulphate, magnesium
sulphate, manganese sulphate and ferrous sulphate)
influenced on enzyme activity was also studied.
Optimal activity was observed at 1mg/ml of manganese
sulphate (0.888ug/mL/min) and least activity was
found in presence of 1mg/ml of zinc sulphate
(0.348pug/mL/min). It may be suggested that the active
sight of pectinase was influenced by magnesium
sulphate to catalyse the hydrolytic reactions and
negative cooperativity was shown by zinc sulphate
(Hla et al., 2005).

Conclusion

Pectinase enzyme was isolated from the native strain,
P. chrysogenum that can be used for various industrial
applications including extraction and clarification of
fruit juices, processing of cotton fabric in textile
industries, bleaching of paper, removal of pectic waste

waters and maceration of tea leaves.
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