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ABSTRACT

Aspergillus fumigatus Fresenius showed maximum amylase production at 27°C
with an initial culture pH of the medium 6.0 after 72 h. of incubation. One per
cent soluble starch and 0.15% ammonium nitrate in the medium supported the
highest amylase activity. During enzyme-substrate reaction maximum enzyme
activity was observed at 50°C and pH 4.0 with 2% starch.
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INTRODUCTION

Amylases represent a group of enzymes of great importance to the food
industry and other needs of life. They were also one of the first to be produced
industrially by microorganisms (Reed 1975). Amylases have most widely been
reported to occur in microorganisms, although they are also found in plants and
animals. Two major classes of amylases have been identified in microorganisms,
namely a-amylase and glucoamylase. They have immense potential for
commercial production. In addition, B-amylase, which is generally of plant origin,
has also been reported from a few microbial sources (Pandey et al. 2000). Since
starch is the only natural substrate to be hydrolyzed by amylases, it is desirable to
recover potential microbial isolates producing high level of amylase active on
raw starch (Pandey et al. 2000). Fungal amylase activity is influenced to a great
extent by pH (Abu-Zeid 1997, Filipov et al. 1982, Kachelkina and Oreshchenko
1980, Okolo et al. 1995, Olasupo et al. 1996, Rahman et al.1993), temperature
(Abu-Zeid 1997, Okolo et al. 1995, Olasupo et al. 1996, Srivastava and Baruah
1986), incubation period (Bormiss et al. 1981, Marzan et al. 2001, Rahman et
al.1993), various carbon and nitrogen sources (Guo et al. 1988, Lachmund and
Ruttkowski 1990,Mahmoud 1993, Okolo et al. 1995) and also substrate
concentration. Considering the above, the present work has been under taken to
investigate the influence of some factors on the production and activity of
amylases from the fungal isolate Aspergillus fumigatus.
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MATERIALS AND METHODS

Organism
Aspergillus fumigatus Fresenicus was obtained from the Department of
Microbiology, University of Chittagong, Bangladesh.

Culture Medium

Aspergillus fumigatus was cultured in defined salt medium (Almieda et al.
1997) containing 0.5% KH,PO,4, 0.67% K;HPO,, 0.1% (NH4),SO4 0.01%
MgSO,.7H,0 and 4% soluble starch.

Assay of Enzyme Activity

Assay system for amylase activity was carried out by measuring the
amount of reducing sugar following Nelson’s modification of Somogyi method
(Nelson 1944). The reaction mixture contained 5 ml of 1% soluble starch
prepared in 0.2 M citrate phosphate buffer (pH 6.0), 1 ml of 0.2 M citrate
phosphate buffer and 1 ml of enzyme solution. The reaction mixture was
incubated at 37°C for 1 h. Then 1 ml of alkaline copper reagent was added to 1 ml
of reaction mixture, and the mixture was boiled for 20 min, cooled and 1 ml of
arsenomolybdate colour reagent was added. After 10 min the reaction mixture
was diluted with 22 ml of distilled water and the absorbance was measured at 550
nm. Enzyme activity was expressed as the amount of glucose released per ml of
enzyme extract per unit time (Mohadevan and Sridhar 1982). [One unit (U)
enzyme activity is the amount of enzyme required to release 1umol glucose
equivalent in 1 min under the assay condition].
Protein Estimation

Protein was determined by the method of Lowry et al. (1951).
Biomass yield

Biomass was determined by dry weight basis (mg/g substrate).
Saccharification

For saccharification the enzyme preparation (crude) was adjusted to pH
4.0 and sodium azide (0.2%) was added to inhibit the microbial growth.
Hydrolysis was carried out under stationary condition in 25 ml screw cap test
tubes at 50°C with substrate (starch) concentration of 7.5% (w/v) for 24 h. and 48
h. of intervals (Begum et al. 1993). The sugar content in the hydrolysate was
measured by Nelson’s modification of Somogyi method (Nelson 1944).

Per cent of saccharification was calculated as follows:

mg of reducing sugar/ml
Saccharification % = x 100
mg of substrate /ml
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Effect of Culture Conditions on Amylase Production

The fungal isolate was grown at various pH (4, 5, 6, 7, 8 and 8.5) and
temperature (10°C, 27°C, 37°C and 45°C) for various incubation periods (48, 72,
96, 120 and 144 h.) using different nitrogen sources (NHsNOs;, NH,CI,
(NH4)2HPO,, glutamine, glycine and peptone) for the optimization of growth
conditions and to investigate the effects of these factors on amylase production.
To determine optimum percent of carbon and nitrogen sources, the study was also
carried out with 1 to 5% carbon and 0.05 to 0.30% nitrogen sources keeping other
experimental conditions at optimum.

Effect of Incubation Time on Amylase Activity

To determine the effect of incubation time on enzyme activity the enzyme
substrate mixture was incubated at different incubation time (15, 30, 45, 60, 75
and 90 min).

Effect of pH and Temperature on Amylase Activity

The effect of pH on amylase activity was determined by incubating the
reaction mixture at pH 3.0 to 8.0 using citrate phosphate buffer (adjusted with 1%
Na;HPO,4.7H20 solution). The optimum temperature for enzyme activity was also
determined by assaying the enzyme activity at various temperatures from 35 to
55°C.

RESULTS AND DISCUSSION
Effect of incubation period on amylase production

When the fungus was incubated at different incubation period the isolate
was found to produce maximum amylase at 72 h. of incubation period (Table 1).
Though 72 h. of incubation showed the highest amylase activity but the highest
biomass yield was recorded at 96 h. of incubation period. The colour of the
supernatant was sand gold. The pH of the supernatant ranged from 5.02 to 6.72.
The maximum protein and the saccharification rate were recorded at 96 and 120
h. of incubation period, respectively. Production of maximum amylase after 72 h.
of incubation period by fungi was reported by many workers (Cherry et al. 2004,
Gargova and Nauchni 1979, Mahmud 2006, Rahman et al. 1993).
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TABLE 1: EFFECTS OF INCUBATION PERIOD ON PRODUCTION OF AMYLASES BY A.
FUMIGATUS.

Incubation  Biomass Reducing Protein Saccharification Amylase
Period yield sugar (pg/ml) % activity
(In hrs) (mg/g) (ng/ml) (U/ml)
48 290 307 243 0.76 370
72 439 333 490 0.83 378*
96 525* 370 611* 0.92 365
120 375 489* 557 1.22* 287
144 323 478 522 1.19 295

*Maximum yield
Effect of temperature and pH on amylase production

The effect of pH and temperature on the enzyme production was
conducted. The optimal temperature for enzyme production was found at 27°C
(Table 2). The highest protein, reducing sugar production and saccharification rate
were recorded at 37°C. The pH of the culture filtrates varied from 5.97 to 6.55.
Similar observation was made by many researchers (Fabiana et al. 1999, Mahmud
2006, Rahman et al. 1993).

TABLE 2: EFFECTS OF INCUBATION TEMPERATURE ON PRODUCTION OF
AMYLASES BY A. FUMIGATUS.

Incubation Biomass Reducing Protein Saccharification Amylase

temperature yield sugar (ng/ml) % activity
(°C) (mg/g) (Hg/ml) (U/ml)

10 00 306 290 0.76 239

27 211 430 738 1.07 370*

37 414* 466* 788* 1.16* 353

45 343 401 753 1.00 264

The optimum pH for enzyme production was 6.0 (Table 3). Maximum
protein formation, biomass yield and saccharification rate were recorded at pH
8.0, 7.0 and 6.0, respectively. The results are in agreement with the findings of
other investigators who observed maximum enzyme activity, protein and biomass
formations at pH 6.0 by Aspergillus spp. (Abu et al. 2005, Abu-Zeid 1997,
Fabiana et al. 1999, Okolo et al.1995) and other fungi (Mahmoud 1993) and
bacteria (Freer 1993).
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TABLE 3: EFFECTS OF pH OF MEDIUM ON PRODUCTION OF AMYLASES BY A.
FUMIGATUS.

Medium Biomass  Reducing Protein Saccharification Amylase

pH yield sugar (ng/ml) % activity
(mg/ml) (ng/ml) (U/ml)

4.0 231 341 570 0.85 337
5.0 308 338 720 0.84 350
6.0 434 399* 770 0.99* 481*
7.0 529* 354 529 0.88 338
8.0 280 368 771* 0.92 334
8.5 240 385 760 0.96 326

Effect of nitrogen sources on amylase production

In the present study the fungal isolate exhibited the highest amylases
formation and biomass yield in NH4;NO3; containing medium (Table 4). The
highest reducing sugar and saccharification rate were recorded with (NH4),HPO,.
The culture filtrate exhibited highest level of soluble protein when grown in the
medium containing NH4Cl as nitrogen source. Effects of organic and inorganic
nitrogen sources on amylase production have been reported by other workers
(Cherry et al. 2004, Lachmund and Ruttkowski 1990, Mahmoud 1993,
Tryavsogolova et al. 1986, Xiangzhang et al. 1988). It was also reported that
amylase production was induced by inorganic nitrogen (Hizukuri and Susumu
1983).

TABLE 4: EFFECTS OF DIFFERENT NITROGEN SOURCES ON PRODUCTION OF
AMYLASES BY A. FUMIGATUS.

Nitrogen Biomass Reducing Protein Saccharification Amylase
sources Yield sugar (ug/ml) % activity
(mg/g) (Hg/ml) (U/ml)
NH;NO; 248* 400 520 1.00 405*
NH,CI 162 377 721* 0.94 349
(NHy4),HPO, 81 406* 370 1.01* 381
Glycine 224 384 529 0.96 357
Glutamine 127 346 671 0.86 364
Peptone 40 365 360 0.91 319

Effect of starch and nitrogen concentrations on amylase production

The effect of starch (1-5%) and NH4NOj3 (0.05-0.30%) concentrations was
studied under otherwise identical culture conditions and the results are
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summarized in Table 5. Maximum biomass and protein yields were recorded with
5% starch and 0.30% NH;NO3z; The table 6 shows the maximum amylase
production that recorded in the culture supernatant with 1% starch and 0.15%
NH4NO;3; in the basal medium. It was observed that the increase of the
concentration of NH4;NO3 gradually decreased the synthesis of amylase formation.
The effect of concentration of nitrogen sources on microbial amylase
production has been reported by other workers (Bormiss et al. 1981, Hizukuri and
Susumu 1983, Tryasogolova et al. 1986, Xianzhang et al. 1988).
TABLE 5: EFFECTS OF DIFFERENT CONCENTRATIONS OF STARCH AND NITROGEN

SOURCES ON THE PRODUCTION OF REDUCING SUGAR, PROTEIN AND
SACCHARIFICATION RATE (%) BY A. FUMIGATUS.

% % Starch as carbon source

NH4NO3

as nitrogen 1.0 2.0 3.0 4.0 5.0

source

A B C A B C A B C A B C A B C

0.05 330 478 3.3 402 622 2.01 337 594 1.12 433 946 1.08 451* 919 0.90
0.10 381 763 3.81* 303 498 1.51 274 566 0.91 439 980 1.09 379 898 0.75
0.15 375 457 3.75 279 572 1.39 244 539 0.81 233 991 0.58 301 865 0.60
0.20 377 477 3.77 223 658 1.11 275 572 0.91 206 830 0.51 343 924 0.69
0.25 330 436 3.3 179 541 0.89 271 460 0.90 187 898 0.46 278 992 0.55
0.30 254 454 2.54 252 514 1.26 250 590 0.83 240 867 0.60 336 997* 0.67

Note: A = Reducing sugar (pg/ml), B = Protein (ug/ml), C = Saccharification rate (%).
*Maximum yield.

TABLE 6: EFFECT OF DIFFERENT CONCENTRATIONS OF STARCH AND NITROGEN
SOURCES ON PRODUCTION OF AMYLASE BY A. FUMIGATUS.

%

% Starch as carbon source

NH4NO;

as nitrogen 1.0 2.0 3.0 4.0 5.0

source Amylase activity

(U/ml)

0.05 189 148 195 208 78
0.10 179 177 156 76 159
0.15 456* 174 227 229 223
0.20 221 220 204 211 187
0.25 192 199 126 225 278
0.30 217 178 193 219 178
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Effect of incubation time, temperature and pH on amylase activity

Incubation time, temperature and pH are most important factors which
markedly influence enzyme activity. The maximum amylase activities of
Aspergillus fumigatus were recorded at 50°C for 30 min at pH 4.0, after which the
activity decreased (Fig 1)). Similar amylase activities at acidic pH and high
temperature were reported by many workers (Akhter et al. 1999, Campos and
Felix 1995, Dey et al. 2002, Glymph and Stutzenberger 1977, Teodoro and
Martin 2000).
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FIG 1: EFFECT OF pH AND TEMPERATURE ON AMYLASE ACTIVITY BY A
FUMIGATUS.

In the present observation, high temperature (50°C) and low pH (4.0) for
maximum enzyme activity indicate a good commercial probability of the amylase
enzymes produced by the fungal isolate Aspergillus fumigatus.
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