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Abstract Penicillium strain isolated from citrus fruit was
found to produce thermostable polygalacturonases. Optimi-
zation of process parameters resulted in high levels of
enzyme production after 3 days of incubation at a pH of 5.0
at 30 °C in the presence of 1% pectin. The optimum tem-
perature for enzyme activity was 60 °C and a pH of 5.5 was
found to be the optimal pH. The enzyme showed a high
level of thermostability in the presence of substrate with a
residual activity of 48% after 2 h of incubation at 60 °C. A
thermostable nature with a high pH range for activity
makes it an industrially important enzyme.
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Introduction

Microbial pectinases have tremendous potential in fruit pro-
cessing industries as to hydrolyze the pectic substances that
are responsible for turbidity and undesirable cloudiness in
fruit juices. They increase fruit juice yield, color and Xavor,
and promote antioxidant formation [1]. Pectinases are also
used in textile processing, degumming of plant Wbers, paper-
making, coVee fermentation, and in treatment of wastewaters
[2–4]. They are also used to prepare cell protoplast for studies
in genetic engineering [5]. The worldwide consumption of
pectinase has reached above 7 £ 106 tons per year.

Polygalacturonase (E.C. 3.2.1.15) from microbial source
is the most important pectinase used in industries. Thermo-
stable polygalacturonases are of great signiWcance as fruit

juices are pasteurized at 50–60 °C [6]. High temperatures
not only reduce microbial contamination but also increase
the solubility of pectin and decrease the viscosity of the liq-
uid [7–9]. Although a large number of organisms producing
pectinases have been reported, selection of potential isolates
remains a tedious task, especially when physiologically
potential strains are to be obtained to achieve maximum
yield [10]. Most of the commercial polygalacturonases pro-
duced are from Aspergillus species. In the light of growing
importance and demand of the enzyme, a strain of Penicil-
lium-producing thermostable polygalacturonase was isolated
[11]. Optimization of the process parameters involved in the
production of the enzyme is reported here under.

Materials and methods

Microorganism: Penicillium sps. SPC-F 20 isolated from
decayed citrus fruits was selected after preliminary screen-
ing [11]. The fungus was maintained on Potato Dextrose
Agar (PDA) slants.

Inoculum: Spore inoculum was prepared by growing the
culture on PDA slant at 30 °C for 7 days. The spores were
dispersed in 10 ml of sterile 0.1% Tween 80 and 1 ml was
taken as the inoculum.

Production media: ModiWed Mandel and Reese medium
containing 1.4 g NH4SO4, 2.0 g KH2PO4, 0.005 g
FeSO4·7H20, 0.3 g CaCl2, 0.3 g MgSO4·7H2O, 0.0016 g
MnSO4, 0.0017 g ZnCl2, 0.3 g Urea, 1.0 g Peptone, and
10 g Pectin in 1,000 ml distilled water was used.

Optimization of the production parameters

Temperature: Erlenmeyer Xasks containing 50 ml of the
medium was inoculated and incubated at a temperature
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range of 10–50 °C at 150 rpm. Samples were analyzed for
enzyme activity after 3 days of incubation.

pH: The impact of pH on enzyme production was deter-
mined by growing the fungus in various pH levels of range
3–10.

Nitrogen source: To determine the best nitrogen source,
the fungus was grown in the medium containing diVerent
nitrogen sources at 0.5% level.

Sodium chloride concentration: The eVect of sodium
chloride on enzyme production by the fungus was carried
out by incorporating sodium chloride at a range of 0–5%.

Substrate concentration: The substrate concentration for
maximal enzyme synthesis was optimized by varying the
pectin concentration from 0 to 5%.

Inoculum density and incubation period: EVect of inocu-
lum density on enzyme production was determined with
various levels of prepared inoculum. The optimum incuba-
tion time was determined by providing an incubation period
of 24–120 h.

pH and temperature optima for enzyme activity

The optimal pH for enzyme activity was determined by
conducting the enzyme assay in various pH ranging from
3 to 9, using Tris/HCl buVer and Citrate buVer. The opti-
mum temperature for activity was measured by assaying
the enzyme at diVerent temperatures ranging from 30 to
90 °C.

Thermostability of polygalacturonase

For determining the thermostability, the enzyme was sub-
jected to the temperature range of 50–90 °C for 1–6 h. The
samples were taken at 1-h intervals and were assayed for
activity.

All the experiments were conducted in triplicates.
Enzyme extraction: The culture broth was centrifuged at

10,000g for 20 min at 4 °C and the supernatant thus
obtained was assayed for enzyme activity.

Enzyme assay: Polygalacturonase activity was deter-
mined by incubating 1 ml of the enzyme extract with 10 mg
of pectin in 1 ml of 0.05 M Tris/HCl buVer containing
0.0001 M CaCl2 at 50 °C for 20 min. The reaction was
stopped by adding 3 ml of 3,5 dinitrosalicylic acid (DNS
reagent). The tubes were held at 100 °C for 5 min, cooled
immediately, and the absorbance of the reaction mixture
was measured at 547 nm [12].

One unit of polygalacturonase was deWned as the amount
of enzyme that released 1 mM galacturonic acid min¡1 and
is expressed as IU ml¡1. The calibration curve was drawn
with monogalacturonic acid as the standard. The protein
content in the crude extract was estimated by the method of
Lowry et al. [13] using bovine serum as the standard.

Results and discussion

EVect of temperature

Temperature is known to inXuence the metabolic rate of the
organism involved in the process, which in turn determines
the amount of end product [14]. Maximum polygalacturo-
nase activity was noted at a temperature of 30 °C (Fig. 1).
Increase in temperature thereafter caused a decrease in
enzyme production, indicating a mesophilic nature of the
fungus. High production temperature will reduce the con-
tamination risk during fermentation [7]. However, a moder-
ate optimal temperature for a longer incubation period is
beneWcial so as to reduce the cost of production.

pH

The fungus was found to produce polygalacturonases under
both acidic and alkaline conditions. The maximum rate was
obtained at a pH of 5 (Fig. 2). A change in pH beyond the

Fig. 1 EVect of temperature on enzyme production by Penicillium
SPC-F 20 grown in basal medium containing 1% pectin
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Fig. 2 EVect of pH on enzyme production by Penicillium SPC-F 20
grown in basal medium containing 1% pectin at 30 °C
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optimum may have a severe eVect on enzyme production
[15]. However, this particular strain showed considerable
production at a pH range of 4–8. A wide range of initial pH
of the medium during upstream and downstream bioprocess
makes the end product either acidic or alkaline, which tend
to have varied applications [4]. Even though a low pH
range maintains asepsis [10], a wide range makes it possi-
ble for the use of diverse substrates for enzyme production.

Nitrogen source

Among the various nitrogen sources used, organic non-deW-
ned nitrogen sources were found to enhance the enzyme
production (Fig. 3). This may be due to other nutrients and
growth enhancers present in them. The enzyme production
reached a maximum when peptone was used as the nitrogen
source (1.85 IU ml¡1). Urea was found better than other
deWned nitrogen sources for maximal enzyme synthesis.

Fig. 3 EVect of various Nitrogen sources (0.5%) on enzyme produc-
tion by Penicillium SPC-F 20 grown in basal medium (pH 5) contain-
ing 1% pectin at 30 °C
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Fig. 4 EVect of pectin concentration on enzyme production by Peni-
cillium SPC-F 20 grown in basal medium (pH 5) containing 1% pectin
at 30 °C
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Fig. 5 EVect of sodium chloride concentration on enzyme production
by Penicillium SPC-F 20 grown in basal medium (pH 5) containing
1% pectin at 30 °C
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Fig. 6 EVect of pH on enzyme activity (IU mg¡1 protein)
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Fig. 7 EVect of temperature on enzyme activity (IU mg¡1 protein)
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Substrate concentration and sodium chloride concentration

An increase in the pectin concentration resulted in an increase
in enzyme production; the maximum level so attained was at
1% level (Fig. 4). Sodium chloride was not found to exert a
signiWcant eVect on enzyme production. Even in its absence,
considerable quantities of enzymes were produced (Fig. 5). A
slight increase occurred as the concentration was raised to
0.5%; thereafter, an increase in the salt concentration resulted
in drastic reduction in enzyme production.

Inoculum density and incubation time

An inoculum density of 4.5 £ 107 spores ml¡1 was found to be
the best for maximal enzyme synthesis. An incubation period
of 72 h resulted in a high level of enzyme production, which
decreased with increase in incubation time. Phutela et al. [15]
also reported a similar result in Aspergillus fumigatus.

pH and temperature optima for enzyme activity

The pH optima were determined using Tris/HCl buVer and
Citrate buVer. Maximal enzyme activity was observed at a
pH of 5.5 (Fig. 6). The acidic range of 4.0–6.5 showed con-
siderable enzyme activity. In the alkaline pH also, enzyme
activity was detected and a peak of activity was formed at
8.0. The optimal temperature for enzyme activity was
found to be 60 °C, indicating its potential use in fruit clariW-
cation. Even at 90 °C, the enzyme was found to show cata-
lytic activity (Fig. 7).

Thermostability of polygalacturonase

The eVect of temperature on polygalacturonase activity was
studied in the presence of substrate (Table 1). A residual
activity of 5% was noted even after 6 h of incubation at
80 °C. Only an incubation for 5 h at 90 °C resulted in com-
plete loss of activity. A high residual activity of 48 and
31% at 60 °C after 2 and 3 h of incubation indicate the
potentiality of the thermostable enzyme. Further work like
puriWcation, characterization, and immobilization is in

progress for enhancing the production and commercializa-
tion of the enzyme.
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