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AMYLASE PRODUCTION BY
PENICILIUM CHRYSOGENUM IN A SUBMERGED
FERMENTATION OF CASSAVA POWDER
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ABSTRACT

Penicillium chrysogenum was grown on pure soluble starch and cassava powder as sole carbon
sources in a submerged fermentation. Amylase production of P Chrysogenum in the cultures was
assessed. Maximum amylase activity was obtained at the early stationary phase (after 72hrs of _
fermentation). The organism was found to be substrate specific: higher amylase activities was
obtained when the organism was grown in mineral salt medium supplemented with cassava
powder than when pure soluble starch was used as the sole carbon source. Amylase activities
increased as the cassava powder concentration increased up to 3%. Penicillial amylase had
optimum activities at temperatures between 50 °C and 60 °C and pH between 5 and 6. The

maximum hydrolytic period of the enzyme on cassava powder was 90mins, beyond which there
wasarepression onamylase activities.

Keywords: Penicillium chrysogenum, Cassava powde,r Submerged fermentation, Penicillial
amylase, Optimum activities

INTRODUCTION

The expensive chemical hydrolysis and the ineffective heatin & method of hydrolysis have necessitated the use
of microbial amylase. Amylase-producing microorganisms have been isolated from the soil. They include
bacteria such as Bacillus subtilis (Uguru et al., 1997); Actinomycetes e.g. Thermoactinomyces thalpophilus
(Uguruetal.,1997) and Fungiincluding Aspergillus species (Sani et al., 1992; Penicillium spp( Balkan and
Ertan, 2005); Rhizopus spp (Ayogu and Amadi, 2010;) and Saccharomyces cerevisiae (Ohno et al., 1992).

Fungal amylases are mostly employed in the hydrolytic industries due to their thermostability (Sharma and
Shukla, 2008) and their ability to survive in a low-pH environment (Inui et al., 1965;) which is usually a
characteristic of most of the cassava sampling sites.

Amylase enzymes have Deen employed in processes like, digestion of complex polysaccharides such as
starch and glycogen into sugars, syrups and dextrin. These hydrolysates are used in a range of
manufactured foods and beverages, and as carbon sources in fermentations for the production of
alcohol both as a fuel and in the brewing industry (O'Rourke, 1996).

Cassava is largely cultivated in the Tropics (Nigeria being the world largest producer) and characterised by
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high postharvest loses. It needs to be processed almost immediately after harvest, as the root is highly
perishable and enzymatic processes accelerate deteroriation within 1-2 days after harvest (IITA,2005).

In this study therefore, the production of amylase from P. chrysogenim on cassava powder was compared
with soluble starch with a view to obtaining a cheaper industrial carbon source for high amylase yield.

Experimental Sample Treatment -

Tubers of newly harvested cassava (Mannihot esculenta) were obtained from Concordial Global
Alliance (COGA) Farms, Bode Sadu Ilorin. 5 kg of the cassava tubers were peeled and washed in
clean water. These were cutinto chips afd oven-dried at 90 °C for 1 hr. The dried chips were milled
into fine cassava flour and stored in sterile containers prior to use.

Isolation of fungal amylase producers

Soil samples were collected from cassava processing fields and cassava dumping sites at. “Oja
titun”, Ilorin, Nigeria. One gram of each soil samples, collected as above, was mixed with 10 ml of
0.1% (w/v) peptone water in a test tube by vortex to break clumps. 1 ml of the suspension from the
interface of the column of sedimented material and supernatant fluid was serially diluted to 107,
and 0.1ml of the dilution was plated on (BDH). Two percent PenStrept antibiotics were introduced
to prevent bacterial growth. The agar plates were incubated at 27 °C for 72 hrs. The primary
criterion for the selection of amylase-producing fungal isolates was the formation of clear zone
around a fungal colony in a PDA-Starch (2% ) medium flooded with iodine solution (0.3% [w/v] ],
in 3% [w/v] KI).Identification of isolates was made using the scheme of Mc Ginnins (1980).

Production of crude amylase and culture conditions

Amylase synthesis in liquid cultures was studied in 250 ml Erlenmeyer flasks, each containing 50 ml of
mineral salt medium with the following composition in (g/1): Na,HPO, (1.0), MgS0O4.7H,0 (0.5), KC1 (0.5),
"FeSO,.7H,0 (0.001) NaNO, (2.0}, and Cassava powder-Soluble starch (20-40). The medium pH was adjusted
7.0 before sterilization at 121 °C for 15 mins. Spores of a 48 hr-old pure cultures of the fungal isolates were
harvested by a slightly modified method of Akinsoye and Akinyanju (1989) and Sani et al.,(1992).
Fermentation was carried out at 27 'C =2 at 120 rpm for 5 days. The following variables were monitored
daily: pH, starch disappearance and amylase production. The supernatant obtained after sunction
filtration through Whatman No. 1 filter paper was employed for enzyme activity.

Assay of Amylase

Amylase activity was assayed according to the method of Bernfeld (1955). The activity of one unit (U) of
amylase is defined as that amount of enzyme which liberates 1 umol of reducing sugar (with glucose as
standard) per min under the assay conditions.

Effect of period of incubation Perricillium chrysogenum was cultivated in mineral salt medium for five
days during which amylase activity was assayed daily in three substrate concentrations (2%, 3% and 4%).
Starch disappearance and pH were also recorded.

' Effect of medium composition

The production medium was assayed for amylase activity when supplemented with and without cassava
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powder. Two percent (w/v) concentrations of both cassava powder and soluble starch were (respectively)
used for theassay ofamylase activity on the 4" day of incubation,

Physicochemical properties

Crude amylase from the fermentation medium was employed to determine the effects of substrate
concentrations, period, temperature and pHof incubation on amylase activity.

Cassava powder at concentrations 2, 3 and 4% (w/v) were dissolved each in 100 ml of sterile distilled
water to make 'Dissolved Cassava Medium'. This was prepared by a slight modification of the method by
Uguru et al,, (1997). By this method, the required concentration (2-4%) of cassava powder was dissolved
in 100 ml of sterile distilled water, and gelatinised at 100 'C. The medium was buffered at PH 6.0 with
Na,HPO,and NaH,PO,. Crude amylase was added to each reaction mixture in ratio (1:10) and these were
incubated for 60 mins at27°C. Amylase activity was determined as described.

Specified concentrations of the dissolved cassava medium were hydrolysed with the crude amylase (1:10 :
of the medium) . This was left to stand at varying incubation periods: 30, 60,90 and 120 mins) to determine
the maximum hydrolytic period of the crude amylase.

Dissolved cassava medium at 3% concentration was prepared and equilibrated for 10 mins at specified
temperature ranges from 30 - 100°C at 10 °C increment intervals, Amylase activity was assayed at each 7
temperature after 30mins of incubation.

For effect of pH, cassava medium at 3% concentrations and equilibrated for 60mins each at specified pH
ranges from 3-10 at 1 unitincrement were used. Amylase activity was assayed as described,

|
Experiments were carried out three times and means of data presented.

Results and Discussion
Microbial profiles of soil samples obtained from cassava sampling sites

Bacteria and fungi spp were isolated from the soil at the sampling sites. Three fungal species were
characterised and identified as Rhizopus stolonifer, Penicillium chrysogenum and Sacaromyces cerevisiae,

The absence of some common known amylase-producing fungi such as Aspergillus species is suggests that
environmental conditions, usually nutrients and water availability affect the number and types of the soil
organisms.

Amylase synthesis by the fungal isolates in mineral saltmedium supplemented with only soluble starch

The fungal isolates were compared for amylase synthesis in mineral salt medium supplemented with 2%
soluble starch. After 4 days of incubation, Penicillium chrysogenum produced the highest amylase activity
(52.50U), morethanR. stolonifegSOU (Fig. 1). This was the basis for selection of Penicillium chrysogenum
Effectof incubation duration on amylase synthesis

The effect of the period of incubation on amylase synthesis by P. chrysogenum inmedium supplemented with
different concentrations (2-4%) of soluble starch is shown in Figures 2. The highest amylase activity was

recorded on the 4" day of incubation at all medium concentrations, with 2% starch csolution giving the
highest amylase activity (52.5U).

|
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Figure 2. Effect of duration of incubation on amylase production by P, chrysogenum in mineral salt
medium supplemented with soluble starch. PH 7and 27°C + 2
Note: Data are means of three experiments

Effectof medium composition on amylase synthesis :
As shown in figure 3, there were appreciable levels of amylase activity,

when P. chrysogenum was grown in
mineral salt medium supplemented with different carbor sources, than

onmineral salt alone.
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Amylase activities (U)
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Figure 3. Effect of subsrate composition on amylase synthesis BO=Basal medium +organism BSO=Basal
medium+soluble starch+organism CO=Cassava starch+organism CBO=Cassava starch+Basal
meium+organism SO=Starch+organism CB=Cassava starch+Basal medium_organism SB=Soluble
Starch +Basalmedium_organism.pH = 7 Temp: 27°C + 2.

This point to the fact that carbon sources are essential for amylase synthesis. When the grown in medium
containing carbon substrates alone without mineral salts, very little amylase activities were observed. This
implied that, for amylase synthesis to occur in these organisms to an appreciable level, a carbon source as
well as mineral salts are essential. Similar observations were made by Sani et al. (1992). There was high *
significant difference in the rate of amylase activivties when the organism was grown in mineral salts
medium supplemented with cassava starch as carbon source than when pure soluble starch was used . Ray
(2004) opined that cassava's fibrous residue constitutes high starch content (63%) and an organic nature-
rich nutrient; and can serve as an important substrate for the production of amylase enzyme. This implies
that, the ability of cassava to stimulate increased production of amylase in the medium may be due to the

presence of other non-starch cabohydrates, proteins, amino acids and cofactors (Uguru et al., 1997), in
contrast to the more defined medium containing soluble starch.

Earlier studies by Clementi et al. (1980) sugested that certain constituents of amylolitic products of starch,
glucan, a variant of glucose, containing a-1,4 or o-1,6- linkages could induce amylase synthesis. This
phenomenonis well known for many amyliolitic enzymes of bacterial and fungal origin (Forgaty and Kelly,
1980). Thus, the high level of enzyme synthesis accompanying growth on cassava starch may be due to the
continual release of inducer molecules, as a result of action of amylase produced by the organisms. This is in
aggrement with available reports in which the supply of inducer over an extended period has been found
to be important in the production of various carbohydrates by fungi (Rees et al., 1969).

. Effect of different concentrations of cassava starch on amylase synthesis
The effect of different concentrations of cassava starch as a substrate in mineral salt medium on
amylase synthesis by P. Chrysogenum is shown in Figure 4.

Amylase activities (U)

Cassava powder concentration ( %
w/v)
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Figure 4. Relative amylase activities of Pchrysogenum in mineral salt medium supplemented with cassava at pH7
and 27 £ 2°C.

Increase in amylase activity from 2 to 3% w/v could be erroneously attributed to the inducive power of the

starch (Lachmund etal.,1993). However, the decline in amylase content when concentrationisincreased up

to4%,is astrongindication that starch doesnotactasan inducer.
At the end of the incubation period, the cassava starch were almost completely exhausted in the medium
This suggest suitability of cassavaasa carbon source in the industial productionsof glucose. -

Properties of crude amylase Effect of different concentrations of cassava on amylase activity

Maximum hydrolytic period was 90 mins ¢Figure 5) at the highest yielding concentrations of cassava starch
medium.

T 1

30 60 90 120
Incubation Period(mins)

1

Amylase Activity (U)

——=5%

Figure 5: Effect of hydrolytic period on amylase activity

This concentration agrees with the reports of previous work by Omemu et al. (2005) but in discord with
Balkan and Ertan (2005) who cultivated Penicillium chrysogenum on liquid medium contain

ing maltose (2%)
as the sole carbon source. The low amylase activity after 1 hr of incubation (Figure 5) may strongly be dueto

the presence of fungal spores in the crude amylase which tends to consume the available simple sugar and
then use them for their growth.

The optimum temperature of activity at 50 °C (Figure 6) was quite high and comparable with other fungal
(Bhumbhhamon, 1986 and Sharma and Shukla, 2008) amylase; while the optimal pHof 5 (Figure 7) was
within the range of the values reported for P, chrysogenun amylase by Balkan and Ertan (2005). This study is
in corcord with proposition by Uguru et al. (1997) that the uptimum

temperature of an enzyme may not be
related to the growth temperature of the organism.
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Figure 6. Effect of temperature on the activity of crude amylase®.
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Figure7: Effectof pH on the activity of crude amylase*

* Percentage (%) activity is expressed relative to the highestamylase activity (920 U) of the crude amylase
@27'C.
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