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by submerged fermentation using Aspergillus foetidus
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ABSTRACT: Filamentous fungi Aspergillus foetidus NCIM 505 was studied for its capacity to produce exo-pectinase
in submerged fermentation (SMF) from a new substrate of tamarind kernel powder (TKP). The process was further
studied to optimize the initial operating variables like pH, time and temperature. Maximum pectinolytic activity was
reached at 72 h of growth and the best fungal strain was found to be A. foetidus NCIM 505. Further, to increase the
production rate of pectinase, the effects of metal ions were studied. Metal ions like Cu++, Mg++, Fe++, Co++ and
Zn++ at different concentrations were used.  2009 Curtin University of Technology and John Wiley & Sons, Ltd.
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INTRODUCTION

Pectinase is one of the best fungal enzymes associated
with food industries, particularly in fruit ripping and
degradation of pectic substance in the vegetable cell
wall. The degradation process plays a vital role in food
technology, due to reduction in the time of filtration
and juice clarification, which leads to more stable and
value-added products.[1–5]

The main sources for the pectinolytic complex
enzymes are yeast, bacteria and a large variety of fil-
amentous fungi, although for commercial production
penicillium or aspergillus species are utilized.[6–8] Pecti-
nase production in these fungi is stimulated by the
presence of pectin or pectin-containing compounds in
the fermentation medium. As pectinase is partly retained
in the cells and partly excreted into the medium, the
enzyme is recovered from both the sources.[1,2,4–6,8]

The tamarind (Tamarindus indica) is the only species
of the genus Tamarindus in the family Febaceae. It is
a tropical tree, native to eastern Africa, including parts
of the dry deciduous forests of Madagascar. India is a
semiarid tropical region, well known for the production
of pulses (red gram, bengal gram, and green gram),
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oil seeds (sunflower), and tamarind. Tamarind seeds
have been used in a limited way as emergency food.
They are roasted, soaked to remove the seed coat,
and then boiled, fried, or ground to a flour or starch.
Roasted seeds are ground and used as a substitute
for, or adulterant of, coffee. It can be used in fruit
preserving with or without acids and gelatinizes with
sugar concentrates even in cold water or milk. It is
recommended as a stabilizer in ice cream, mayonnaise,
and cheese and as an ingredient or agent in a number
of pharmaceutical products.[9,10]

Pectin is a generic name for high-molecular-weight
polysaccharides present in the cell wall of higher plants.
Their common property is the 1–4 glycosidic linkage of
D-galacturonic acid unit.[11] Pectinase enzymes belong
to the group of hydrolytic enzymes and are utilized
to eliminate pectin and pectin-like colloids in fruit
juices, thus facilitating clarification of the juice and as
a means of preventing the gelling of the juice during
the concentration step of processing. Pectinases catalyze
the breakdown of pectin-containing substances and can
be produced by various fermentation methods like
solid-state fermentation (SSF)[12,13] or by submerged
fermentation (SMF)[14,15] methods.

In light of its importance at the industrial-level reg-
ulation study of the enzyme synthesis of the pecti-
nolytic complex, the influence of different types of
carbon sources, pectin, and polygalacturonic acid on
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the production of pectinase using Aspergillus foetidus
(NCIM 505) were already studied. In this present study,
some of the major controlling variables of the process
like temperature and pH were optimized for a sub-
merged fermentation process using A. foetidus (NCIM
505). Further, the effect of metal ions (Cu++, Mg++,
Fe++, Co++, and Zn++) on the production of pectinase
was studied.

MATERIALS AND METHODS

A. foetidus NCIM 505, a fungal strain was obtained
from National Chemical Laboratory, Pune, India. The
strain was maintained on potato dextrose agar slant
which was maintained at 4 ◦C by proper refrigeration
and periodic subculture. The inoculum was prepared by
growing the organism (A. foetidus NCIM 505) in potato
dextrose agar slants for about 72 h at 30 ◦C. The conidia
were dispersed in 10 ml of dilute Tween 80 solution.
Fresh tamarind seeds with testa were properly soaked
in water for about 8 h and then the testa were removed
from the raw source. Testa-free tamarind seeds were
ground to a fine powder and then used as substrate for
submerged fermentation.[16,17]

Fermentation medium

The optimized medium (using Design Expert) consisted
of 17.5 (g/l) tamarind kernel powder (TKP), 32 (g/l)
glucose, and 6 (g/l) ammonium sulfate. In all the
fermentations 50 ml of medium was dispersed into
250-ml Erlenmeyer flasks. An acidic range of pH has
been reported to be more favorable for the synthesis
of hydrolases by Aspergillus species[18,19] Further, the
favorable temperature of fermentation reported was
30 ◦C. Studies were made to optimize the temperature
and pH for the production of pectinase from TKP using
A. foetidus NCIM 505. The addition of metal ions
and their effect on the synthesis of pectinase (Cu++,
Mg++, Fe++, Co++ and Zn++) was studied by adding
5–25 mM of metal ions, individually.

Enzyme assay

The method of Miller[20] has been employed by sev-
eral research scientists using galacturonic acid as the
Refs [21,22] A known suitably diluted quantity of
enzyme was added to 0.42 ml (9 g/l) of substrate solu-
tion (pectin or polygalacturonic acid) mixture with
0.7 ml of 0.1 M acetate buffer, pH 5.2, incubating at
45 ◦C for 30 min. After incubation, the reaction was
completed by adding alkaline sodium potassium tar-
tarate reagent. The sample was estimated spectropho-
tometrically at 540 nm. Various range of temperatures

(25, 30, 35, and 40 ◦C) and pH (3.5, 4.0, 4.5, 5.0, 5.5,
and 6.0) of the fermentation medium were performed to
optimize the process to obtain high yields of pectinase
from TKP.

RESULTS AND DISCUSSIONS

Pectinase is a commercial enzyme which has wide
application in many fields of food and other industries.
Though we have few sources for the production of
pectinase, a cheap and easily available source is TKP.
A fungal species from Aspergillus family (A. foetidus
NCIM 505) was used in this study. The optimal value of
carbon source (glucose, fructose, and sucrose), pectin,
polygalacturonic acid was used from our preliminary
study.[23] The experiments were repeated twice to check
their consistency with the results given below, which
showed good agreement with other trials.

Evaluation of age of slant

Erlenmeyer flask containing 50 ml sterilized medium
[TKP-20 (g/l), ammonium sulfate-10 (g/l), potassium
dihydrogen orthophosphate-2 (g/l)] was inoculated
asceptically with 1 ml spores of 2–day-, 3-day-, 4-
day-, and 5-day-old slants of A. foetidus NCIM 505
for a period of 4 days.[24] From the experimental anal-
ysis it was observed that the 3-day-old slant of A.
foetidus NCIM 505 produced a maximum pectinase
level of 1.207 U after 72 h of fermentation. Experi-
ments were conducted to evaluate the inoculum level of
the selected organism. It was observed that out of four
chosen inoculum levels of (0.5, 1.0, 1.5, 2.0 ml), 1.0 ml
which contains 105 –107 spores/ml gave a maximum
level of pectinase for the entire selected organism
(Figs. 1 and 2).
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Figure 1. Determination of slant of A. foetidus NCIM505.
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Figure 2. Determination of inoculum level of A.
foetidus NCIM505.

Table 1. Concentration of metal ions and their
maximum activity.

At optimum condition (30 ◦C, pH 4.5)

Metal ions Concentration (mM) Activity (U)

Magnesium (Mg++) 5 7.62
Copper (Cu++) 5 8.91
Ferrous (Fe++) 5 6.43
Cobalt (Co++) 2 9.18
Zinc (Zn++) 3 4.50

Evaluation of fermentation period

Production of pectinase was evaluated up to 96 h. From
the analysis it was observed that a gradual increase in
the production of pectinase was observed over a period
of 24–72 h after which the activity declined.

Effect of temperature and pH

Initially, the synthesis of pectinase at different values
of pH (3.5, 4.0, 4.5, 5.0, 5.5,and 6.0) at 25 ◦C was
studied, which is shown in Fig. 3. Maximum level
of pectinase was obtained at 4.5 pH after 72 h of
fermentation after which the death phase was reached.
Though the optimal value of pH was found, the same
procedure was repeated for different temperatures to
have an optimized temperature range. Figure 4 shows
the synthesis of pectinase at 30 ◦C for different pH
values. Figures 5 and 6 show the profile of pectinase
synthesis when the fermentation was carried out at 35
and 40 ◦C respectively.[25] At 30 ◦C, the maximum level
of pectinase was found to be at 4.5 pH and the same
trend of fermentation was observed in all other ranges,
i.e. at 35 and 40 ◦C.
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Figure 3. Effect of pH on the synthesis of pectinase at
25 ◦C.
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Figure 4. Effect of pH on the synthesis of pectinase at
30 ◦C.

But the overall synthesis of pectinase at 35 ◦C was
lower than that obtained with temperatures at 25, 30,
and 40 ◦C.[26,27] From the analysis it was observed that
the maximum yield of pectinase was obtained at pH 4.5
irrespective of the fermentation temperature maintained,
whereas higher level of pH leads to enzyme intolerance,
and the optimum temperature was found to be 30 ◦C,
after which the activity decreased due to the denatura-
tion of the enzyme because of high temperature.

Effect of metal ions

Experiments were carried out to study the effect
of metal ions on the production of pectinase using
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Figure 5. Effect of pH on the synthesis of pectinase at
35 ◦C.
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Figure 6. Effect of pH on the synthesis of pectinase at
40 ◦C.

A. foetidus NCIM 505 which was found to be the
best organism. The optimal value of the medium
along with the glucose source was taken from our
previous work.[23] Further, to enhance the production
of pectinase from TKP, the addition of metal ions
(Cu++, Mg++, Fe++, Co++ and Zn++) was stud-
ied by adding 5–25 mM of metal ions, individually.
Figures 7–11 show the individual effect of metal ions
on the production of pectinase. Figure 7 shows the
effect of addition of Cu++ to the medium along with the
optimized medium [TKP (17.5 g/l), ammonium sulfate
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Figure 7. Effect of pH on the synthesis of pectinase.
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Figure 8. Effect of pH on the synthesis of pectinase.
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Figure 9. Effect of pH on the synthesis of pectinase.

(6g/l), and glucose (32g/l)] and Fig. 8 for Mg++. Sig-
nificant increase in the level of pectinase (8.91 U) in the
case of Cu++ was observed. But for Mg++, the level
of pectinase synthesized was minimum when compared
with the level of pectinase obtained in the normal
optimized condition (5.5 U) (using Design Expert).[23]
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Figure 10. Effect of pH on the synthesis of pectinase.
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Figure 11. Effect of pH on the synthesis of pectinase.

Figures 9 and 10 show the effect of Fe++ and Co++.
The presence of Co++ shows a higher level of synthe-
sis of pectinase 9.18 U more than that obtained using
the optimal medium. But the presence of Fe++ does
not have any influence on the synthesis of the enzyme,
whereas (as shown in Fig. 11) the addition of Zn++
inhibits the synthesis of the enzyme and the quantity
of pectinase obtained was very minimum. Thus it is
possible to increase the production of pectinase by the
addition of metal ions like Cu++ or Co++.

CONCLUSION

In this study metal ions were used to enhance the pro-
duction of pectinase by using A. foetidus NCIM 505 and
operating variables like temperature and pH were opti-
mized. Based on the previous work, the initial operating
variables (inoculum level, age of slant, carbon and
nitrogen source, medium level) were used for the cur-
rent work and it was found that the production of pecti-
nase increased by 70%. In conclusion, pectinase can be

synthesized using a cheap and easily available source
(TKP) under optimized temperature of 30 ◦C and opti-
mized pH of 4.5. Further, production can be increased
by the addition of metal ions like Cu++ and Co++.
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