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ABSTRACT

In the present study, optimization of medium composition and culture conditions for a-amylase and glucoamylase
production by three fungal strains isolated from Abakaliki metropolis were investigated. The fungal isolates include
Aspergillus species (AS-2a), Mucor species (MS-3) and Rhizopus species (RS-6b). The parameters such as optimal
incubation period, pH, temperature, carbon sources and starch concentrations were considered in the study.
Maximum enzyme activities of the isolates were attained at 120 hours incubation period. The isolates had their
optimal amylase enzymes production at pH 4.0. The optimum temperature for a-amylase enzyme activities was 45°C
while the maximum activities of glucoamylase were obtained at 30°C. Of the carbon sources tested, sweet potato
starch gave the highest amylase activities. The optima starch concentrations for a-amylase and glucoamylase
production by the isolates were 50 g/l and 80g/I, respectively. The enzymatic activities were measured quantitatively
using potassiuntiodide spectrophotometric method and glucose-oxidase/peroxidase method for a-amylase and
glucoamylase respectively.
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INTRODUCTION

The potential of using microorganisms as sourcemadistrially relevant enzymes has stimulated egein the
exploration of extracellular enzymatic activitiesseveral microorganisms [Akpahal, 1999; Pandegt al, 2000;
Abu et al, 2005]. Amylase enzymes are of great importancéeimentation for hydrolysis of starch and other
related oligosaccharides [Akpaat al, 1999; Pederson and Nielson, 2000]. Besides thsg in starch
saccharification, they have potential applicationa number of industrial processes such as in fbadtjng,
brewing, detergent, textile and paper industriescrdbial amylases have also successfully repladesimical
hydrolysis of starch in starch processing industrie

Amylases are enzymes produced by variety of orgasjisuch as bacteria, fungi, plants and animalsteBia and
fungi secrete amylases to the outside of theisdellcarry out extracellular digestion. Amylasegrdde starch and
other related polymers to yield products charastierdf individual amylolytic enzymes. Starch iglacose polymer
linked together bw-1,4 anda-1,6 glycosidic bonds. Amylases act by hydrolyzthg glycosidic bonds between
adjacent glucose units of the polymer [Bernfeldg 19
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Based on the points of attack on the glucose palyhain, alpha-amylases can be classified into ¢ategories,
liquefying and saccharifying [Nigam and Singh, 1p9he fungalo-amylase belongs to the saccharifying category
and attacks the second linkage of the straighthcbistarch molecule from the non-reducing termiinal C4 end),
resulting in the splitting off of two glucose unis$ a time [Fadel, 2000]. The resulting producsidisaccharide
called maltose. The starch chains are thus brokemdnto smaller units. Glucoamylase (amyloglucasg) in turn
hydrolysesa - 1, 4 - glycosidic bonds from non- reducing ewflstarch molecules, resulting in the production of
glucose. To a lesser extent, glucoamylase alstheaability to hydrolyzes- 1, 6 linkages, also resulting in glucose
as the end product [Mertens and Skory, 2006]. Hunrganylase and glucoamylase may be used togethented
starch to simple sugars, which is used in the prtioloi of high fructose syrups, that in turn senesssweetener for
many food processing industries for production efdrages, bakeries, confectionaries, or may bedesustock
for bioethanol production [Seviek al, 2006].

Amylase enzymes are not yet commercially producedigeria, making them too expensive for amylaskzing
industries. However, fungal organisms are knowrtlieir ability to produce extracellular enzymesamylase and
glucoamylase capable of hydrolyzing starchy subetrfSyu and Chen, 1997]. These fungal organiseseadily
available in our environment. When these amylaselyorers are isolated, there is need to explore fneduction
efficiency through studying of their best condisofor a higher productivity. These stimulated auefest in this
research to optimize the cultural conditions of eoisolateda-amylase and glucoamylase producing fungi to
enhance their potentials for more effective indaktapplications.

MATERIALS AND METHODS

Preparation of enzyme production media

The medium was constituted with the following nemiis in grams per litre: KRGO, 14g; NHNOs;, 10g; KCl,
0.5g; MgSQ.7H,0, 0.1g; FeS@Q7H,0, 0.01g and soluble starch, 20g. This was adjustggH 6.9. The medium
(100ml) was distributed into 250ml Erlenmeyer flasind sterilized by autoclaving at 221for 15 minutes. They
were allowed to cool to 26.

Cultivation of the Isolates for a-amylase and glucoamylase production

The isolates were inoculated into the enzyme pribaluanedium and incubated with shaking intermitteat 25C
for 3-5 days. The entire content of the culture aveentrifuged and filtered to get the crude enzyaesulture
filtrate. These were used to hydrolyze fresh stamthtion fora-amylase and glucoamylase activities assay.

Measurement ofa-amylase activity
The a-amylase activities of the isolates were assayétyube Caraway-Somogyi, iodine- potassium iodikd)(
method [Cheesbrough, 2005].

Measurement of glucoamylase activity
Glucoamylase activity of each of the isolates determined using Trinder's method [Trinder, 1958bWn as the
glucose oxidase/peroxidase (GOD/POD) method.

Time courses ofe-amylase and glucoamylase production
The effect of cultivation period om-amylase and glucoamylase production was determinedeasuring the
enzymes activities of the isolates after every @drk of incubation till the activities declined.

Effect of pH on a-amylase and glucoamylase production

Assay of the enzymes production was carried oulifigrent initial pH of the medium. }dPO/KH,PO, (0.1M)

buffer was used and the pH was adjusted using BICNto variable range of pH 3.5 - 8.0 to determtine pH for
maximum production. After 3-5 days cultivation, gdes from each culture were tested feamylase and
glucoamylase activities.

Effect of temperature ona-amylase and glucoamylase activities

The enzymes activities of the isolates crude enzywere assayed at various temperature ranges -06@C. The
crude enzymes filtered from each culture were ueduydrolyze a fresh 1g/l starch solution. After @dhutes of
incubation, samples were collected from the cufianed tested for their enzymes activities.
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Effect of carbon sources orm-amylase and glucoamylase production

The enzyme production media was prepared with lstiroen different sources and forms to assess thfirences
on a-amylase and glucoamylase production. These wdegimjeed cassava flour, corn flour, potato flosiojuble
starch and non-gelatinized soluble starch.

Effect of carbon source concentrations om-amylase and glucoamylase production

The influence of carbon source was tested at difiteconcentrations of starch with potato flour ¢0to 90 g/l) to
determine the best concentration for maximum prodoof the extracellulas-amylase and glucoamylase by the
isolates.

RESULTS

Time course of amylase production by the isolates

To ascertain the effects of cultivation time on #mylase enzymes production by the selected fustgains, the
isolates were cultivated for different periods &t@and pH 4.0 in a medium containing 80 g/l star@hoentration.
The results of parallel triplicate experiments releal maximum production efamylase and glucoamylase at 120
hours (5days) of cultivation [figures 1 and 2]. Taetivities of the amylase enzymes under studytherisolates
were observed to have increased progressively thanrfirst day until the fifth day when decline wasorded for
them.
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Figure 1. Time course of a-amylase production by the three isolates at
25°C and 80g/L starch concentration
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Figure 2. Time course of glucoamylase production by the three isolates at 25°C
and 80g/l starch concentration

Effects of pH on amylase production by the isolates

Figures 3 and 4 present the effect of initial a@tpH on production of the two amylases by thesiws. Each of the
isolates produced the highest amylase activityHa# ). The effect of initial medium pH was studieith pH values

of 3.5, 4.0, 5.0, 6.0, 7.0 and 8.0, and the injtidlvalue of 4.0 was recorded best for the isol&deshe production

of botha-amylase and glucoamylase followed by pH 5.0 abd 3.
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Figure 3. Evaluation of the effect of pH on the three isolates production
of a-amylase at 25°C and 80g/L starch concentration
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Figure 4. Evaluation ofthe effect ¢f pH on the three isolates production
of glucoamylase at 253C and 280g/l starch concentration

Influence of temperature on amylase activities fronthe isolates

The activities of the amylase enzymes producedhéydolates were assayed at various temperatueseanted on
figures 5 and 6. Maximum activity efamylase of the isolates was observed atG&hile the maximum activity
of their glucoamylase was observed afG0
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Figure 5. Effect of temperature on a-amylase activities of the three
isolates cultivated for five days at 25°C and 80g/l starch concentration
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Figure 6. Effect of temperature on glucoamylase activities ofthe three isolates
cultivated for five days at 25°C and 80g/l starch concentration

Influence of different carbon sources on amylase duction

Figures 7 and 8 showed the influence of differefistrates (carbon sources) on amylase productidhebgelected
fungal isolates. The cultures with gelatinized pmtfhour produced the highest amylases. Other Istatbstrates
such as corn flour, cassava flour and soluble Istarere also utilized by the fungal isolates whelatij@zed but

they did not utilize non-gelatinized starch. Thdtune conditions were room temperature and 120 $ouxon-

gelatinized starch was not soluble in water atéineperature and thus was not utilizable to theatesl
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Figure 7. Effect of carbon source onthe production of a-amylase by the three
isolates cultivated at 25°C, pH4 and 80g/l starch concentration
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Figure 8. Effect of carbon source on the production of glucoamylase by the three
isolates cultivated at 25°C, pH4 and 80g/L starch concentration

Effect of carbon source concentrations on the isdles amylase production

The effect of various starch concentrations on asg/lproduction by the isolates revealed that thdymtivity of a-

amylase peaked at 50 g/l starch concentration whiepeak of glucoamylase production was observe3D &/l

starch concentration [figures 9 and 10]. Furthemwéase in starch concentration resulted to a deer@a the
enzymes production. All experiments were run pakatl triplicates. The values differ significanty P < 0.05.
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Figure 9. Assessment of carbon source concentration on a-amylase
production by the three isolates cultivated for 5 days at 25°C
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Figure 10. Assessment of carbon source concentration on glucoamylase
production by the three isolates cultivated for 5 days at 25°C

DISCUSSION

A number of reports exist regarding the effectsarious cultural and environmental conditions sashincubation
period, pH, temperature, carbon sources and casborce concentrations on the production of amylagesingal
strains. Environmental factors such as temperaamdspH has been reported to have some importiaéites on
enzyme productivity by fungal organisms [Guptaal, 2008]. In line with the above records, this invgation is
made to enhance maximum productivity @famylase and glucoamylase by the isolated fungiirgr The
optimization of their cultural conditions such agltivation period, optimum pH, temperature, the tbeasrbon
sources and optimal starch concentrations, ofdblates were necessary.

Time courses of the amylase enzymes production steidied for the three fungal isolates at diffengetiods in
hours (24, 48, 72, 96, 120, 144, and 168). The ymtddty of the enzymes was peaked at 120 hoursthEu
Increase in incubation period beyond the optimuculyation time resulted in decrease in amylaseitieg\figures
1 and 2]. The decline in the productivity may be ¢ depletion of one or more essential nutriemthié medium or
due to accumulation of toxic by-products.

In addition to the regulatory effect on gene exgi@s, cultivation pH can also affect fungal morgmt greatly
[Whitaker and Long, 1973]. Thus, development ofomtimal pH control strategy is helpful in obtainihggher
enzyme productivity by the fungal strains. The effef pH on the production of amylase enzymes ia gtudy
revealed that the amylase productivity by the issavas at their maximum at pH 4.0 [figures 3 ahdTis
supports the earlier report that amylases are pextiby fungal organisms maximally in acidic medilArti et al,
2010]. The activities of the enzymes decreaseH fuitther increase in pH values. This implies i successful
production of amylase enzymes depends on the mainée of initial pH of the production medium. All
experiments were run in parallel triplicates. Ttadues differ significantly at P < 0.05. Temperatigea critical
factor which markedly influences enzyme activiti€he effect of temperature on amylase activities sl@own in
figures 5 and 6. In the present study, maximuamylase and glucoamylase activities of the fungalates were
obtained at 45C and 30°C respectively. This observation agrees with thiezaeport that amylases differ in their
temperature optimum, pH optimum and several othgsipchemical properties depending on their origlence,
different enzymes have found specific applicatiodifferent industries [Artét al, 2010].
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The study of the effect of carbon source showed the best substrate for the productionceémylase and
glucoamylase by the three isolates is gelatinizesks$ potato flour [figures 7 and 8]. This findiisgin line with the

report that the best carbon substrate for amyles#ugtion is sweet potato starch [Fabiahal, 2008]. Other starch
substrates such as corn flour, cassava flour ahshlsostarch were also utilized by the fungal isedawhen

gelatinized but not non-gelatinized starch. Thetuwral conditions were room temperature and 120 hafirs
incubation. Non-gelatinized starch was not solublevater at the temperature and thus was not alkilez to the

isolates.

The enzymatic activities of the isolates were w$tem cultures of different starch concentratiofise results were
shown in figures 9 and 10 feramylase and glucoamylase activities respectivEfyough there was progressive
increase in the productivity @famylase and glucoamylase by the isolates as énehstoncentration increased, the
maximum production ofi-amylase was obtained at 50 g/l starch concentraiia the productivity of glucoamylase
was peaked at 80 g/l starch concentration. Thipatp the report that carbon sources like starch hnaae some
inducing effects on amylase enzymes productionstér and Peberdy, 1997].

Finally, the present study established that forghg/lases to be produced adequately by the fusgédtes, their
culture should be regulated to their optimal cand& for maximal productivity. The factors suchiasubation
time, pH, temperature, carbon sources and carbaeas@oncentrations need to be considered in ediltin of these
fungal strains since it affects the enzyme productihe results of this study are informative itedining culture
conditions for commercial scale production.
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