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ABSTRACT

The modern biotechnological setup has motivated the need for enlarged survey of
microorganisms surviving and producing enzyme in extreme conditchres to
increasing demand of enzyméBhe present study aims to explore filamentous fungi
which are potent for the production of large quantities of industrial enzymes by using
agricultural based bproducts. In this work optimization parameters in sulg®eér
fermentation were studied for the production of invertase (aathylase fromvarious
local fungi [Aspergillus fumigais Fresenius 1863IBGE 02, Aspergillus nigervan
Tieghem 1867IBGE 01), Penicillium expansunkink (1809; IBGE 06) Penicillium
lilacinum Thom (1910; IBGE 04), PenicilliumnotatumThom (1910;IBGE 03, Mucor
geophilusOudem., Archives Néerlandaises 7: 278 (19RGE 05] using agricultural
wastes (sunflower waste, cotton stalk and rice husk) as well as agro industrial wastes
(date syrup and molasses) as sources of caHftects of incubation time periods (24
240 h), various cultural media (CM1, CM2, CM3, CM4 and CM5 for invertase and M1,
M2, M3 and M4 for-amylasg, sources of nitrogen (corn stelgquor, casein, potassium
nitrate, alboumin, ammonium sulphate, urea and yeast extract), pi9.03,Q@emperatures
(20-70° ©), inoculums(4x1P-8x1C conidia) and agitation rates (300 rev/min) were
also investigated for maximum enzymes production individually for each fungus.

Whenoptimumconditions ofinvertase productions from under investigated fungi
were comparedit was observed that the highest level of enzyme was produced from
Penicillium lilacinum IBGE 04(13.05 U/mL) when the strawmvas grownon culture
medium CM1 cordining yeast extract as a source of nitrogen, date syrup as a source of
carbon after 96 h of incubation at initial pH 8, tempera#@eC, inoculum size of 6x£0

conidia in 50 mL of culture medium and agitation rate of 200 rev/min.



WhereasU-amylase prodctions from under investigated fungi were compared
then it was observed that the highest level of enzyme was producedAfengillus
niger (8.14 U/mL) when the straivas grownonculture medium M1 containing yeast
extract as a source of nitrogen, molasas a source of carbon after 72 h of incubation at
initial pH 6.5, temperaturd0°® C, inoculurs 5x1¢ conidia in 50 mL of culture medium
and agitation rate of 150 rev/min.

The highest quantity of enzyme (Invertase 13.05 U/mL) was produced by
Penicilliumlilacinum so it was also purified and characterized. The enzyme was purified
by ammonium sulphate precipitation and column chromatography to about 7 folds than
crude enzyme with the recovery of 25.6 % having specific activity 257.7 U/mg. Kinetic
constantgKy, 2.76 mM and Max 178.6 U/m./min) were determined by Lineweaver
Burk Plot and molecular mass (110 kDa) by %0 SDSPAGE. Invertase showed
maximum activity at pH 5.5 (121.7 U/mL) and at the temperature 5fC55106.8
U/mL). BaCk (24.6 %) CoCk (5.7 %) MgCl, (9.6 %) MgSO, (48.9 %), MnC} (52.9 %)
andNacCl (4.2 %) enhanced the relative activity of enzyme and Hg€2.8 %), CuSQ

(-80.2 %) and CuGl(-76.6 %) were proved inhibitors.
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1. INTRODUCTION

1.1. Generalintroduction

Biosynthesisalso callethiogenesisis anenzymecatalyzednulti-stepprocess in
which simple compounds or nutrients are converted into more comadxctssuch as
enzymes and antibioticdn biosynthesis, simpleompoundsre changed, transfared

into other useful compounds linked together to forrmacromolecules

Fermentation is the technique in which microorganisms in bulk are grown on the
growth medium in order to obtain specific chemical product. There are two types of
fermentation, Soliebtate FermentatiogSSH in which solid substrates, like bagasse,
bran andpaper pulp are utilizedand Submerged Fermentation (Smk which free
flowing liquid substratessuch as molasses and broths are utilized. An important
advantage of SmF technique is that purification of products is easier and effective control

over culural conditions (Subramaniya& Vimala, 2012).

An enzyme is a soluble colloidal organic cataglyghich is produced by a living
organism (Haldane, 1930; Wargh#978). Enzymes are far superior to catalyst made by
chemists since they are much more specifiave higher catalytic energy and can
perform under the conditions of temperature and hydrogen ion concentration. Enzymes
can catalyze in a few time complex sequence of reaction that would requires much more
time in chemical laboratory. Moreover, enzymegalyzed reactions proceed with high
percentage of yield with no by products (Barman, 1969; Lehninger, 1982). Enzymes are
classified on the basis of reaction they catalyzed (Stern, 1951; &/akSF8). Among
hydrolytic enzymes invertase, amylase and gbecisomerase are very important (Dahot
1986; Ahmecket al, 2011 2014).

The worl ddés most abundant renewabl e c.
rout towards the conversion of cellulose and hemicellulose to fuel, food, enzymes,
medicines, single cell ptein and many useful products. Specific interest has been
focused on agricultural as well as agro industrial wastes, which could be utilized
efficiently as energy and carbon source for the production of enzymes by
Aspergillus nigey Aspergillus fumigatusand Penicillium liacinum (Smith, 1971;
Ahmedet al, 2011;2014).


http://en.wikipedia.org/wiki/Catalyst
http://en.wikipedia.org/wiki/Product_(chemistry)
http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Macromolecules

Agricultural wastes in Pakistan are usually disposed of by environmeffitieraaty
manner. So there may be two objectives which can be achieved by using agricultural wastes
as sources of carbon. On one hand they can be used as raw materials for thierpaiduc
valuable enzymes and other useful products while on the other hand pollution problem can
be reducedA number of nonconventional carbon sources such as starch, date syrup
sunflower waste, oilcakes, cassava starch, potato peel, fruit peel, cotaparth have
been used in submerged fermentation for variengymes production (Krishnan &
Chandra, 1982; Samit al., 1992; Negi & Benerjee, 2006; Sivaramakrishmedral., 2006;
Ahmedet al.,2011;2014;Mahdiet al.,2012).

The modern biotechnologicaetup due to increasing demand of enzymes has
motivated the need for enlarged survey of microorganisms surviving and producing
enzyme in extreme conditiondlamma et al., 2008). For the production of large
guantities of enzymes filamentous fungi havetdsbnological importance (Ahmest
al., 2011;2014.

In this work optimization parameters in submerged fermentation were studied for
the production of invertase and-amylase from various local fundiAspergillus
fumigaus Fresenius 1868IBGE 02, Aspergillus nigervan Tieghem 1867IBGE 01),
Penicillium expansurhink (1809; IBGE 06) Penicillium lilacinumThom (1910;IBGE
04), Penicillium notatumThom (1910;IBGE 03, Mucor geopHius Oudem., Archives
Néerlandaises 7: 278 (1902BGE 095] using agricultural wastes (sunflower waste,
cotton stalk and rice husk) as well as agro industrial wastes (date syrup and molasses) as

sources of carbon

1.2Invertase

Invertase [§-D-fructofuranosidase, Enzyme Commissibo. is 3.2.1.26) splits
sucrose by hylysis and releases glucose and fructddaer(edet al.,2011). There are
two forms of invertase {form (glycosylated) and-8rm (nonglycosylated). Eform is
high molecular weight glycoprotein while-f8rm is low molecular weight protein
(Raslad et al., 2006). Invertase may be intracellular (repressed form) or extracellular
(derepressed form). Extracellular invertase is more stableitiiacellular;therefore it
is commercially more important (Chabal, 1991;Aslamet al.,2013.



Invertaseis one of the most widely used enzymes by food industry in making
chocolate covered cherries. This enzyme is also used in paper industry, in the preparation
of jams, powder milk for infants, digestive aid medicines and to make artificial honey in
which it contributes to artibacterial propertiedPhadtarest al, 2004;Kotwal & Shankar,

2009; Safarilet al, 2009;Kulshrestheet al, 2013.

The modern biotechnological setup due to increasing demand of enzymes has
motivated the need for enlarged surveyndroorganisms surviving and producing enzyme
in extreme conditions (Mammet al.,2008). A large variety of plant, animal and microbial
sources are used for the production of commercial enzymes but the best choice is always
microbial sources due to their rapid growth and easier manipulation (Lekladj 2002;
Kulshresthaet al, 2013. Various fungi likeAspergillus flavugUmaet al, 2010) Aspergillus
niveus (Guimardeset al, 2009), Aspergillus ochraceus(Guimarédeset al., 207),
Saccharomyceserevisiae (Bokosa et al., 1992) Aspergillus niger (Ashokumar, 200j
Candida utilis(Zafar & Aslam, 2013and Cladosporium cladosporioidg®maet al.,2012)
have been reported for the production of invertase.

The production okenzyme depends upon various factors like the strain, culture
medium, incubation time period, sources of carbon and nitrogen, temperatyre, pH
agitation rate and inoculs{Umaet al, 201Q Kulshresthaet al, 2013 Ashokumar,
2001;Aslamet al.,2013 Guimaraest al, 2007; Zafar& Aslam, 2013).

Selection of the most suitable culture media has the deep effect on invertase
production. Many researchers all over the world have reported different culture media for
maximum production of enzymeBWorschack& Wickerham, 1961; Poonawalkt al,

1965; Burrelet al.,1966; Herwiget al.,2001; Almeidaet al, 2005;Souzaet al, 2007).

In a culture medium the most appropriate source of carbon is essential because it
stimulates growth and also the enzyme production. Pure sugars such as sucrose, glucose,
fructose, ethanol and maltose have been reported for the growth and enzyme production by
many workers Ymaet al, 2010;Kulshresthaet al, 2013 Ashokumar, 2001Aslam et
al., 2013 Guimaréaest al, 2007; Zafar& Aslam, 2013. A number of nonconventional
carbon sources such as starch, oilcakes, cassava starch, potato, corn and tapioca have
been also used in submerged fermentation for vaeoagmes production (Krishnan &
Chandra, 1982; Samit al., 1992; Negi & Benerjee, 2006; Sivaramakrishrral., 2006;

Mahdi et al.,2012).Some carbon sourgeshich were reported as the most appropriate for

the production of invertase by different fungi are mentidyeddw (Table 1.).



Table 1.1. The most suitable carbon source for invertase production by different fungi.

Fungus Carbon Source Reference
Aspergillus flavus Fruit peel Umaet al, 2010
Cladosporiuntladosporioides Pomegranate peel Umaet al, 2012
Aspergillus ochraceus Sugar cane bagasse | Guimaraet al, 2007
Aspergillus niveus Sugar cane bagasse | Guimaraet al, 2009
Candida utilis Pure sugars Zafar & Aslam 2013

In the present work we have used sunflowaste, cotton stalk, rice husk, date syrup
and molasses which are agricultural basegrogucts and in the third world country like
Pakistan they are usually disposefdyf environment non friendly manner.

Production of enzyme by microbial source isaly influenced by the presence of
nitrogen sources because they supply amino acids. Fungi can utilize well almost all types of
organic nitrogen sources but inorganic sources of nitrogen have varying effezizyme
production Ashokumar, 2001Guimaras et al, 2007;Aslam et al., 2013 Umaet al.,

2010; Zafar & Aslam, 2013) Different nitrogen sources have deep effect on the
biosynthesis of enzyme by different fungi. Yeast extract is one of the most reported nitrogen
source which is the concentrate of the soluble parts of yeast cell @irag 2010; Ahmed

et al, 2011).Some nitrogen sourcewhich were reported as the most appropriate for the

production of invertase by different fungi are describeldw (Table 1.2.

Table 1.2. The most suitable nitrogen source for invertase production by different fungi.

Fungus Nitrogen Source Reference

Aspergillus flavus Yeast extract Umaet al.,2010
Cladosporiuncladosporioideq Yeast extract Umaet al, 2012
Escherichia coli Yeast extract plus peptg Olusanya& Oliotula, 1994
Candida utilis Peptone Belcarzet al, 2000
Candida utilis Yeast extract Zafar & Aslam 2013
Saccharomyceserevisiae Corn steep liquor Chanet al, 1991

The study of incubation time period is related with the efficiency of batch process,
maintenance of cell viability throughout the fermentation process and consequent product
formation (Laluceet al, 1991). Some reported incubatiime periods fothe productiorof

invertase by different fungi are mentiortelow (Table 1.3.



Table 1.3. Optimum incubation time period for invertase production by different fungi.

Fungus Incubation time (h) Reference
Aspergillus flavus 96 Umaet al, 2010
Cladosporiuntladosporioides 96 Umaet al, 2012
Aspergillus ochraceus 96 Guimaraest al, 2007
Aspergillus niveus 96 Guimaraest al, 2009
Candida utilis 24 Zafar & Aslam, 2013
Saccharomyceserevisiae 48 Mizunagaet al, 1981

The production of enzyme is alsffected by the initial pH of the culture medium
because it is related with high productivity, high cell density and high yields (Etoato
1991). Enzymes aractive within a range of pH and usually they have a fixed optimum pH
(Segel, 1975). For the guiuction of invertase optimal pH is related with the sucrose
ferment at iebal, 2000).&bime ceportesl optimum pHsdwaximumproduction

of invertase by different fungi aees follows(Table 1.4.

Table 1.4. Optimum initial pH for invertase production by different fungi.

Fungus pH Reference

Aspergillus flavus 5.0 Umaet al, 2010
Cladosporiuntladosporioides 4.0 Umaet al, 2012

Penicillium lilacinum 8.0 Ahmedet al, 2011

Mucor geophillus 8.0 Qureshiet al,, 2012

Candida utilis 4.0 Zafar & Aslam, 2013
Saccharomyceserevisiae 6.0 Dworscleck & Wickerham, 1961

The production of enzyme is also influenced by incubation temperature as it
determines the rate of substrate hydrolysis irr¢laetion mixture (Vra# et al, 1997). It is
also important factor for growth and enzyme productidafgr & Aslam, 2018 Some
reported optimum temperatures faaximumproduction of invertase by different fungi are

mentionedbelow(Table 1.5.



Table 1.5. Optimum temperature for invertase production by different fungi.

Fungus Temperature (°C) | Reference

Aspergillus flavus 30 Umaet al, 2010
Cladosporiuncladosporioides 30 Umaet al, 2012

Penicillium lilacinum 40 Ahmedet al, 2011

Mucor geophillus 45 Qureshiet al,, 2012

Candida utilis 30 Zafar & Aslam, 2013
Saccharomyceserevisiae 30 Dworsclack & Wickerham, 1961

The inoculum size or the number of conidia is also important because it determines
the quality and quantity of enzymeeghich are being produced by microbial sourcésfdr
& Aslam, 2013. Cells have the ability to change their metabolism accortbnghe
environment changes (Presattal, 1987%.The inoculurs and age on enzyme production
must be examined before fermentation process (Bakosh 1992). Large inoculum size
reduces the inhibitory effect of substrate and products and bringsrttentation process in
reduced time (Rsenberg& Guthke, 1999)Zafar & Aslam (2013) have reported 2 %
inoculum size forCandida utiliswhile 7.8 % by Rosm& Ooi (2006) for the maximum
production of invertase.

Agitation rate is another factor for theogvth and product formation because
it ensures the homogeneous supply of nutrients. Agitation also ensures the collision
of enzyme substrate molecuJeshich causes the formation of enzymegbstrate
complex (Quierzyet al, 2004; Zafar & Aslam, 2013 For biomass production
agitation rate 900 rev/min is suitable while for enzyproduction 20Qev/min is
suitable (Almeideet al.,, 2005; Rosm&®oi, 2006).

1.3Alpha-amylase

Alpha-amylase (Enzyme Commission No. is 3.2.1.1) is an extracellular enzyme
which splitsU-1, 4 glycosidic bonds of starch and produces glucose, maltose and alpha
limit dextrin (Omemuet al, 2005; Bhanjat al, 2007; Lemaret al.,2009).The substrate
of amylase is starghvhich is a polysaccharide and composed of two typgmlyimers
amylose and amylopectin. Starch is composed e23206 amylase,which is a linear
chain of glucose units joined biy}1, 4 glycosidic bonds and about -B® %
amylopectin which is branched macro molecule of glucose in which-1glycosidic
bondsare also present (Sundarr&rMurthy, 2014).



Amylases are one of the most widely used commercial enzymes whose range of
application has broadened in numerous areas such as food, medicinal, clinical and
analytical chemistry. They are used in starch hydislythey also catch uses in
pharmaceuticalfood, baking, brewing, paper, detergent and textile industries. These
are essential enzymes used in starch treating activities for hydrolysis of
polysaccharides such as starch into simple sugar components. Groalie and
consumption ofU-amylase in different industries has positioned a greater stress on
increasing native enzyme production and exploration of more prompt procésses (
et al, 2014; Sundarra& Murthy, 2014).

The maximum production of enzyme bwyngi depends upon the strain,
composition of cultural medium, source$ @arbon, sources of nitrogemitial pH,
temperatureincubation time period, thermo stabiliyd metal ions (Hughe® Poole,

1991; Sundarrar& Murthy, 2014) .

Alpha-amylase hawvig very high activity is essential for the conversion of starch
into maltose and glucose. So it is very necessary to investigate such microorganism
which is potent for amylase production (Arved, 1985; Hugh&oole, 1991).

Production of enzyme is immsely affected by the cultivation method. Enzyme
can be produced bsolid state (Akpan& Adlaja, 2004) and submerged fermentation
method (Kimet al, 1997; Hacgt al, 2002). The technique of shake flask in submerged
fermentation has been investigated by ynagsearchergGandhi & Kaergaard1975;
Castroet al, 1999; Fengxiet al, 2002).

Table 1.6. The most suitable carbon source for U-amylase production by different fungi.

Fungus Carbon Source Reference

Aspergillus fumigatus Pomegranate peel | Singhet al, 2014
Aspergillus niger Wheat bran Khan&Yadav, 2011
Aspergillus species Starch Matthias, 2013

Mucor species Starch Matthias, 2013
Rhizopus species Starch Matthias, 2013
Aspegillusniger Starch Saleem& Ebrahim 2014
Rhizopus stolonifer Starch Saleem& Ebrahim 2014
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Table 1.7. The most suitable nitrogen source for U-amylase production by different fungi.

Fungus

Nitrogen Source

Reference

Aspergillus fumigatus

Beef extract

Singhet al, 2014

Aspergillus niger

Peptone

Khané& Yadav, 2011

Aspergillussp.

Ammonium nitrate

Matthias, 2013

Mucor sp.

Ammonium nitrate

Matthias, 2013

Rhizopus species

Ammonium nitrate

Matthias, 2013

Aspergillusniger Peptone and ammonium sulpha] Saleem& Ebrahim 2014

Rhizopus stolonifer | Peptone and ammonium sulphal Saleem& Ebrahim 2014

Some reported the most suitable carbon sources (Table 1.6), nitrogen sources (Table
1.7), incubation time period (Tahle8), pH (Table 1.9) and temperature (Table 1.10) for the

maximum production dff amylaseby different fungi are mentioned.

Table 1.8. Optimum incubation time period for U-amylase production by different fungi.

Fungus Incubation time(h) | Reference

Aspergillus fumigatus 144 Singhet al, 2014
Aspergillus niger 48 Khan& Yadav, 2011
Aspergillus species 120 Matthias, 2013
Aspergillus niger 144 Saleen® Ebrahim 2014
Mucor sp. 120 Matthias, 2013
Rhizopussp. 120 Matthias, 2013
Rhizopus stolonifer 144 Saleen® Ebrahim 2014

Table 1.9. Optimum initial pH for U-amylase production by different fungi.

Fungus pH Reference

Aspergillus fumigatus 6.0 Singhet al, 2014
Aspergillus niger 6.2 Khan& Yadav, 2011
Aspergillus niger 6.0 Saleem& Ebrahim 2014
Aspergillus species 4.0 Matthias, 2013

Mucor species 4.0 Matthias, 2013
Rhizopus species 4.0 Matthias, 2013
Rhizopus stolonifer 6.0 Saleem& Ebrahim 2014
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Table 1.10. Optimum temperature for U-amylase production by different fungi.

Fungus Temperature (° C) | Reference

Aspergillus fumigatus 35 Singhet al, 2014
Aspergillus niger 28 Khan& Yadav, 2011
Aspergillus niger 30 Saleem& Ebrahim 2014
Aspergillus species 45 Matthias, 2013

Mucor species 45 Matthias, 2013
Rhizopus species 45 Matthias, 2013
Rhizopus stolonifer 30 Saleen& Ebrahim 2014

1.4 Purification and characterization of enzyme

For the purification of enzyme initial purifying agents such as ammonium
sulphate, propanone, etharait. have been used by many researchers (Pimpa, 2004).
The column chromatography is the most common tool for isolation and quantifying the
components from the broth of enzyme sample. Mostly anion exchange chromatography,
gel filtration and affinity chromatogphy were used for enzyme purification (Belcatz
al., 2000;Guimaraeset al, 2007 Umaet al, 2007). Charet al. (1991) reported 75 %
recovery of invertase with nine fold purification using 0.05 M -HGI buffer containing
0.5 M sodium chloride at pH. Molecular mass of purified enzyme are reported in kilo
Dalton (1amu= 1 Dalton), which is usually determined by SEFRAGE (Rubioet al,
2002). Milintawisamaet al. (2007) found the molecular mass of extracellular invertase
from Cryptococcus humicoluss 110 kDa. InXanthophyllomyces dendrorhousertase
was found to be as glycoprotein with molecular mass of 160 kDa (kinale 2009).

The characterization and MichaeNenten kinetic parameters show the
efficiency of enzyme.MichaelisMenten constan(K,) is defined as the substrate
concentration at half the maximum veloc{¥may). Both kinetic parameters of enzyme
are determined by LineweavBurk Plot for its substrate. Varying Kand Vihax values
were reported i netdli(2000)rreportadrKe(44.38.ndVH and M e
(1030 mmol/mL/min) values of invertase fromspergillus niger Guimaraeset al.
(2007) calculated K (7.37, 13.4 and 2.66 mM) and(22.39, 42.13 and 3.14 U/mgQ)
values of invertase fromspergillus ochraceusBhati et al, (2006) reported K (3.57

mM) of invertasdrom Fusarium solani.
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1.50bjectives of present work

Pakistan is an agricultural country so it has vast resources of agricultural based
by-products such as wheat straw, rice husk, oil cake of diffeyemtces, date syrup,
molassestc. for their exploitation as energy source to manufacture useful products by
fermentation. In the present work it was attempted to utilize such substrates usefully in
development of invertase andlamylase which are commercially important enzymes.

By this approach a problem of our country related with economics and pollution may be
controlled and a lot of foreign exchange carebeed by production of these enzymes

using native sources.
Specific objective of the present work were

U To explore optimal conditions for the production of invertase by various fungi
using agricultural based froducts as carbon sources.

U To explore optimal conditions for the production @amylase by various
fungi using agriculiral based byroducts as carbon sources.

U Biosynthesis of large quantity of that enzyme which was producing in the
highest quantity.

U Purification and characterization of that particular enzyme.
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2.1 MATERIALS AND METHODS

2.1 Materials

All chemicals which were used in this study such as glucose, sucrose, sulphuric
acid, sodium potassium tartarate,-8ibitrosalicylic acid, phenol, calcium chloride, cobalt
chloride, sodium dihydrogen phosphate, manganese sulphate, yeast extract, peptone, corn
steep iquor, urea, ammonium nitrate, caseinSQ,.7H,O, NH; Cl, KCI, KH.PO,,
MnSQ,.H,0, ZnSQ.7H,0, starch, TrisHCI, acrylamide, protein markerBérfect Protein
Markers™ 10-225 kDa, Novagen, USpetc were of analytical grade and obtained from
BDH (UK), SignaAldrich (USA), EMerck (Germany), Fluka (Switzerland) and Acros
(Belgium). All other chemicals were tife highest possible purity

2.1.1 Instruments

Analytical balance (Sartorius Germany)
Haemocytometer (BOE 13, Boeco Germany)

Autoclave (Model: KT 40 L, ALP, Japan)

pH meter (Model: CCMD510 WPA, England)
Spectrophotometer (Model: HitacBR0 double beam)
Orbital shaking incubator ( SANYO Gallenkamp, PLC, UK)
Magnetic stirrer (cobima&CO)

Electrophoresis unitMini-PROTEAN 3, BieRad Lab., USA
. High speedentrifuge (Sigma 3k 30)

10.0ven (Model: UM400 MEMMERT, Germany)

11.Water bath (MEMMERT, Germany)

© © N O g s~ DR

2.1.2 Strains

Strains of following fungi were obtained from the Institute of Biotechnology and
Genetic Engineering, University of Sindh Jamshoro and culture wenetamad as
followed by Dahot (1986). In the present study slants of 4 days old were used for
inoculation.

1. AspergillusfumigatusFresenius 1863BGE 02

2. Aspergillus nigevan Tieghem 18671BGE 01

3. Penicillium expansurhink (1809) IBGE 06

4. Penicillium notatumThom (1910) IBGE 03

5. Penicilium lilacinumThom (1910)JBGE 04

6. Mucor geophillusODudem., Archives Néerlandaises 7: 278 (19IE}pE 05
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2.2 Methods

Present work was carried out with shaken flask technique of submerged
fermentation in which 250 mflask containing 50 mL of culture medium was incubated
in shaking incubator at specific conditions (temperature 30° C, pH 6.0, inoculums size
4x1@ conidia,agitation rate 50 rev/min)

2.2.1 Conidia count

Number of conidia of each fungus was counted by haemocytometer. Spore
suspension was maintainethout4x10° conidia/mL and they were added to 50 mL of

fermentation media in 250 mL flask.

2.2.2 Hydrolysis of agriculture waste

Each agricultural wastecgtton stalk, sunflower waste and rice husk) were
grindedto convert into powdered form. Ten gram of it was hydrolyzed with 0.8 L of
0.3 N and 0.6N HySQO, for two hours by boilingand maintaining the slurry level
constant. The processed slurry was autoclaved for 30 minutes at 105 Kdg/eras
filtered after cooling at room temperature. The filtrate of solubilized agricultural waste
was added into the growth medium as a carbon sodrce. loss in weight was
determined after drying at 10¥ in the oven for one hour (Dah&t Abro, 1994).An
agricultural waste hydrolysed with sulphuric acid produces a variety of sugars and their
degradation products (Ahmexd al, 2011). The hydrolysief cotton stalks (Table 2.1),
sunflower waste (Table 2.2) and rice husk (Table 2.3), to fermentable sugars Nby 0.3
and 0.6N H,SO, along with the percentage solubility, total sugars and reducing sugars
are shown in the tabldselow (Tables 2.1, 2.2 & 2)3Total sugar and reducing sugar in

molasses and dasgrup are also mentionédable 2.4.

2.2.3 Determination of total sugar

The total sugar of processed agriculture waste, date syrup and culture broth was
determined by (Duboiet al.,1956).

2.2.4 Determination of reducing sugar

Reducing sugar in digested agriculture waste, date syrup and molasses culture
broth were determined by Miller (1959) method.
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Table 2.1 Hydrolysis of Cotton stalks.

Amount
Parameters 0.3 H SO, 0.6NH SO,
Cotton stalk Cotton stalk
Initial mass 10.00 g 10.0g
Final mass 8.20¢g 7.22 ¢
Loss of mass 1.80¢g 2.78 ¢
Total sugar 175pg/mL 253 pug/mL
Reducing sugar 132pg/mL 186 ug/mL
% of hydrolysis 18.0 27.8
Table 2.2 Hydrolysis of Sunflower waste.
Amount
Parameters 0.3N H2SOy 0.6N H2SOy
Sunflower waste Sunflower waste
Initial mass 10.00 g 10.0g
Final mass 7.63 ¢ 6.52 ¢
Loss of mass 237¢g 3.48¢g
Total sugar 201 pug/mL 297 ug/mL
Reducing sugar 195ug/mL 239ug/mL
% of hydrolysis 23.7 34.8
Table 2.3 Hydrolysis of Rice husk.
Amount
Parameters 0.3N H,SO, 0.6N H,SOq
Rice husk Rice husk
Initial mass 10.00 g 10.0g
Final mass 7919 7.02¢g
Loss of mass 2.09¢9 298¢
Total sugar 164pug/mL 238pg/mL
Reducing sugar 153pug /mL 211pg/mL
% of hydrolysis 20.9 29.8
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Table 2.4 Sugar contents per mL in molasses and date Syrup.

Amount
Parameters
Date Syrup Molasses
Total sugar 357 ug/mL 438ug/mL
Reducing sugar 279ug /mL 235pg/mL

2.2.5 Determination of total protein

Protein in the enzyme sample was determined by the method of ebalry(1951).

2.2.6 Determination of enzyme activity

2.2.6.1 Invertase activity (Akgol et al, 2001)

Enzyme sample 00.1 mL was added i2.5 mL acetate buffer (50 mM, pH
5.5) containing0.1 mL sucrose (300 mMvAnd thenincubated for 5 minutes at 3&
then added..0 mL of DNS boiled for five minutesand cooled at room temperature

later onabsorbancevas notedat 540 nm.

One unit ofinvertase activity is the amount of enzyméich releases 1 mg of
inverted sugar in 5 min at 3& and pH 5.5.

2.2.6.2 UAmylase Activity (Bernfeld, 1955)

Enzyme sample of.0 mLwas added ii.0 mL of 1 % (w/v) soluble starch in
50 mM sodium phosphate buffat pH 7.0and thenincubated for 3 minat 5¢ C
then addedl.0 mL DNSandboiled for 15 mimtesand cooled at room temperature

later on &sorbancevas notedat 540 nm.

One unit of -amylase is the amount of enzyme that will release 1 mg of
reducing sugam 3 min at 50 C and pH 7.0.

2.2.7 Optimization of enzyme production parameters

All experiments were done in such a way that the parameter optimized in one
experiment was fixed in the next experiments for the production of enzymes, one by one

for each fungs.

2.2.7.1 Culture media
First of all the most suitable culture medium was determined. For invertase production

50 mL culture media were used in 250 mL flask having composition (iragftJowing:
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CM1: Dextrose 10, Peptone 5, Epsom salt 5,,kD, 5, Common salt 2.5, ferrous
sulphate hepta hydrate 0.01, ZnS®LO 0.002, MNnS@QH,O 0.001 and thiamine
hydrochloride 0.001 (Burredt al. 1966).

CM2: Yeast extract 10, peptone 20 and sucros@2@rsclack & Wickerham, 1961).
CMS3: Yeast extract 20, peptone 40, sucrose 2Q(R&,),and Epsom salt 1 (Souegal, 2007).

CM4: NaNG; 3, KCI 0.5, Epsom salt 0.5, ferrous sulphate hepta hydrate 0BPG% 1,
Sucrose 30 (Almeidet al,, 2005).

CM5: Sucrose 40, Corn steep liquor 30, N8, KH,PQ, 0.5, Epsom salt 0.05, CagO
2.5 (Poonawallat al., 1965).

For optimization ofU-Amylase production following culture media were used
having composition (g/L).

M1: Dextrose 10, Peptone 5, Epsom salt 5,RB, 5, Common salt 2.5, ferrous sulphate
hepta hydrate 0.01, Zng®@H,O 0.002, MNnSQH,O 0.001 and thiamine hydrochloride
0.001 (Burrekt al.,1966).

M2: soluble starch 20, NMNO310, KH,PQq, 14, KCI, 0.5, Epsom salt 0.1,
FeSQ.7H,0, 0.01 (Matthias, 2013)

M3: NaCl 0.8, KCI 0.8, CaGD.1, NaHPO, 2.0, MgSQO0.2, FeSQ0.1, 8.0 Glucose,
NH,4Cl 2.0 (Khan& Yadav, 2011).

M4: Zn SQ.7H,0O 0.062, FeS£0.068, copper sulphate pent hydrate 0.0001 and wheat bran
100 (Hayashid& Teramotq 1986).

2.2.7.2 Incubation time period

After the determination of the most suitable culture medium, optimum incubation
time period was determined. It was done by growing the strain on CM1 or M1 (which
were observed the most suitable for all fungi under investigation) at vainoeipériods
from 24240 h.

2.2.7.3 Carbon sources

After the optimization of incubation time the most suitable carbon source was
determined. It was done by replacing the glucose (control) of culture medium (CM1 or
M1) by various wastes including sunflower westotton stalk, rice husk, which were
hydrolyzed by 0.3\ H,SO, and 0.6N H,SO, Date syrup and molasses were used 0.5 %
and 1 % in place of glucose (control).
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2.2.7.4 Nitrogen sources

After the determination of the most suitable carbon source various nitrogen sources
were checked for optimum production of enzymes. It was done by replacing peptone of
culture medium (CM1 or M1) bgorn steegdiquor, casein, potassium nitrate, albumin,

amnonium sulphate, urea and yeast extract.

2.2.7.5 Incubation temperature

The most suitable culture medium CM1 or M1 (with the most suitable carbon and
nitrogen source) was tested on varying temperature froaif02@C to determine the most
suitable incubation teperature for the production of enzymes.

2.2.7.6 Initial pH of medium
The initial pH of a medium has an effect on growth and productivity of
microorganism. A range of pH from 4900 was checked for optimum enzymes

production.

2.2.7.7 Inoculum size
Productivity was alsachecked in terms ohumber of conidia in 50 mL of
optimized culture medium in order to obtain the optimized inoculum size of culture

medium. The number of conidia was counted by haemocytometer.

2.2.7.8 Agitation rate
Effect of agitation rate was also checked dptimization at 50, 100, 150, 200,
250 and 300 rev/min in orbital shaking incubator.

2.2.8 Purification of enzyme
After optimization of all parameters individually for each fungus, purification and
characterization of only invertase frd?enicillium lilacinum IBGE 04 was done because

high quantities were produced by the strain. Following were purification steps.

2.2.8.1 Ammonium sulphate precipitation

In the first step varying amounts (38 %) of ammonilum sulphate were added
to cell free supernatant and then precipitates were obtained by spinning at 20,000 x g for
20 minutes. Precipitates were then dissolved inMd.Bris Hydrochloric acid buffer at
pH 7.5 and dialyzed.
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2.2.8.2 Column chromatography

The crude enzyme was loaded onto a DEg&Hulose column (1.0 cm x 10.0 cm)
which was equilibrated with 100 mM of T#4ClI buffer at pH 7.5. With the linear salt
gradient (sodium chloride-D M) the enzyme wasluted in the same buffer and 2.9 mL
of fractions were obtained at 20 mL per hour flow rate’°a®.4The collected fractions
were analyzed for invertase activity. Only those fractions having high enzyme activities

were pooled, dialyzed and examined on SEXS5E.

2.2.8.3 Dialysis
The salts from precipitates were removed by using 12 kD molecular mass cut off

dialysing bag against a large volume ofCH The purified enzyme was stored %t C.
2.2.9 Characterization of purified enzyme

2.2.9.1 Determination of kinetic parameters (Km & Vmax)

With the help ofLineweaverBurk Plot (Lineweaver& Burk, 1934)the kinetic
constant, k; of purified invertase was determined by following conditions; sucrose (10
100 mM) in 0.05 M acetate buffer (pH 5.5), incubation time 15 minute$esmperature
37° C. The maximum velocity, ¥ax of sucrose hydrolysis by purified enzyme was also

determined by the same conditions.

2.2.9.2 Effect of pH and temperature on invertase activity

The effects were examined by incubating enzyme in 0.05 M acetate huffer
different pH from 3.69.0 at40° C for fifteen minutes. After the determination of
optimum pH invertase activity was checked at different temperatures frend°20
(Akgol et al,, 2001).

2.2.9.3 Effects ofvarious additives oninvertase activity

Various compounds such as KCI, NaCl, EDTA, MgCMnCl,, HgChL, CuSQ,
ZnSQ,, CaChp, BaCh, CoCh, AgNOz; NiSO, etc. (all 1 mM) were incubated with
purified enzyme at S5 for thirty minutes and then invertase activities were determined.

2.2.9.4  Determination of molecular mass
Molecular mass of purified enzyme was determined by 10 %-BAGE and
reported in kilo DaltonPerfect Protein Markel¥ 10-225 kDa (Novagen, USAyvas

used as standard
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2.3 Preparation of solutions /reagents/buffers

2.3.1 Trypan blue solution

Trypan blue 0.4 g in 100 mL of @ and then filtered.

2.3.2 Acrylamide bisacrylamide

Acrylamide 29 g + bisacrylamide 1 g in 100 mL ofHand then filtered.

2.3.3 SDS solution

SDS 10 g in hot water and volume up to 100 mL.

2.3.4 Bromophenol blue solution

Bromoghenolblue5 g in 50 mL HO and final volume 100 mL.

2.3.5 Staining solution

Coomassie brilliant blue 250 0.5 g in 250 mL of methyl alcohol, then for 20
min allowed standing at room temperature then filtered then added 50 mL of ethanoic

acid and final volura up to 500 mL.

2.3.6 Destaining solution

Methanol 150 mL + 50 mL ethanoic acid and then volume up to 500 mL.

2.3.7 DNS reagent

3, 5dinitrosalicylic acid 10.6 g + NaOH 19.5 g in 600 mL of(H+ heated at
80°C + Sodium potassium tartarate 306 g + phenol 7.5 rmbdtum meta bisulfate 8.3 g

and final volume up to 1416 mL.

2.3.8 Sodium acetate buffer (50 mM, pH 5.5)

Solution A: Na-acetate 27.22 b/and
Solution B: Glacial ethanoic acid 12.05 mL in 1 L. Mixed 45.95 mL of solution A +
4.05 mL of solution B and finalolume up to 100 mL.
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2.3.9 Phosphatebuffer (pH 7)

KH,PO,1.8 g + 3.5 g of N&HPQO, in 100 mL of HO and volume up to 1 L.

2.3.10 Tris-HCI 0.05 M buffers (pH 7.5):

Tris 6.25 g in 800 mL of kO then adjusted pH 7.5 (with$ HCI) and volume
up to 10 L.

2.3.11 Separatingbuffer (1.5 M Tris HCI, pH 8.8)

Trizma 36.3 g + 150 mL of ¥ then adjusted the pH 8.8 (with HCI) and volume
up to 200 mL.

2.3.12 Stacking buffer (1 M Tris HCI, pH 6.8)

Trizma 12.1 g + 70 mL of D then adjusted the pH 6.8 (with HCI) and volume
up to 100mL.

2.3.13 Tank buffer (10 X, pH 8.3)

Trizma base 15 g + 72 g of glycine + 5 g of SDS @tnd volume up to.Q L.

2.3.14 Gel loading buffer

Tris HCI buffer 1 mL (pH 6. 8) + -gl yce
mer capt oel -hlmomophendl Wue dye 0.02 g and then volunaaleup to 10
mL.Samples for cooked for three minutes at 100° C before being loaded on gel for
separation.

2.3.15 Gel running conditions

120 V for 20 minutes followed by 140 V for one hour.
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3. RESULTS AND DISCUSSION

3.1 Optimization of invertase production byAspergillus niger
3.1.1 Effect of culture media

Effects of various culture media on invertase productiorAbyiger IBGE 01

after 24 h, at 30C, initial pH 6.0, inoculum size 4xi@onidia and agitatiomate 50
rev/min are poltted(Fig.1). The strain was grown on five different culture meda
CM1, CM2, CM3, CM4 and CM5. It was capable of growing well on all types of culture
media but production of invertase was maximum (1.87 U/mL) on culture mediuin CM
containing (g/L) dextrose 10peptone 5,epsom salt 5, KW PQ, 5, common salt 2.5,
ferrous sulphate hepta hydrate 0.01, Zp3BO 0.002, MNSQH,O 0.001 and thiamine
hydrochloride 0.001. CM1 was selected for the next study of invertase production.

Selection of the most suitable culture media has the deep effect on enzyme
production. Many researchers all over the world have reported different culture media for
maximum invertase productioDyorsctack & Wickerham, 1961; Poonawalkt al,
1965; Herwiget al.,2001; Almeidaet al, 2005;Souzeet al, 2007).

3.1.2 Effect of incubation time period

Effects of incubation time periods on invertase productioibwyiger IBGE 01
in CM1 at 30 C, initial pH 6.0, inoculum size 4xi@onidia and agitation rate 50
rev/minare poltted fig. 2. Invertase activity was measured at regular interval of 24 h and
it was found that the maximum activity (2.34 U/mL) was observed after 72 h of
incubation. On prolonged incubation enzyme activity was decreabketh may be du&
denaturing of enzyme or synthesis of inhibiting metaboli@anima et al., 2008)
Incubation time period of2 h was reported for invertase productionAiernaria teruis
and Saccharomyces crevisig®oonawala et al, 1965 while 96 h byAspergillus

ochraceugGuimarae®t al, 2007)
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Fig.1. Effects of various culture media on invertase productioAdpergillusniger after
24h, at 30° C, initial pH 6.0, inoculum size 4Xt®nidia and agitatiorate 50 rev/min.

25 2.34

Invertase activity (U/mL)

0.5 -

24 48 72 96 120 144 168 192 216 240

Incubation time period (h)

Fig. 2. Effects of incubation time periods on invertase productioA.lryiger in CM1 at
30° C, initial pH 6.0, inoculum size 4x3€onidia and agitation rate 50 rev/min.
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3.1.3 Effect of carbon sources

Effects of various carbon sources invertase production b4. nigerIBGE 01
after 72 h in CM1at temperature 3@C, initial pH 6.0, inoculum size 4x@onidia and
agitation rate 50 rev/miare shown inFig. 3 In the present work datyrup, molasses,
sunflower waste, cotton stalk and rice husk have been used as sources ofwtachomere
(except date syrup and molasses) hydrolyzed by &gl 0.8 of H,SOu. It was observed
that invertase activities were lower than control (2JB#L) in case of 0. sulphuric acid
hydrolysed agriculture waste (0.85, 14r&d1.48 U/mL for cotton stalk, sunflowevaste
and rice husk respectively) and higher with 0.5 % of date syrup and molassean(®.58
3.06 U/mL respectively). Invertase actieg were closer to control, glucose (2.34U/mL)
when 0.8 sulphuric acid hydrolysed agriculture waste (1.86, 1.82 and 2.09 U/mL for cotton
stalk, sunflower waste and rice husk respectively) and enzyme activities were higher
when 1 % of date syrup (2.57 U/iand molasses (3.78 U/mL) were usadumber of
nonconventional carbon sources such as starch, oilcakes, cassava starch, potato, corn and
tapioca have been also used in submerged fermentation for vanpyses production
(Krishnan & Chandra, 1982; Saeti al.,1992; Negi & Benerjee, 2006; Sivaramakrishnan
et al.,2006; Mahdiet al.,2012).

3.1.4 Effect of nitrogen sources

Effects of various nitrogen sources invertase production b&spergillusniger
IBGE 01 after 72 h in CM1 containing molasses as carbon setir@@ C, initial pH
6.0, inoculum size 4xfoconidia and agitation rate 50 rev/mame poltted Fig. 4).
Various nitrogen sourcescdsein, corn steep liquor, potassium nitrate, albumin,
ammonium sulphate, urea and yeast extraete used in the quantity of 0.2fd 0.50 %
in place of peptonecéntrol having enzyme activity 3.91 U/mL). The strain showed the
capability of utilizing well all types (except urea) of nitrogen sources but peaistct
was found to be the best (3.81 U/mL in 0.25 % and 4.58 U/mL in 0.50 %). Increase in
enzyme activity may be due to the reason that various other enzymes are also produced
which may affect at the production of each other (Egetoad., 2000). Yeasextract was
also reported as the best nitrogen sourceClandida utilis, Saccharomyces cerevisiae
(Dworsclhack & Wickerham 1961 and Aspergillus ochraceugGuimaraeset al, 2007%.
Very low values (0.26 U/mL in 0.25 % and 0.09 U/mL in 0.5 %) of invertase activities were
observed when urea was used as nitrogen source. It may be due to denaturing effect of urea
on invertase (Hussaet. al, 2010).
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Fig. 3. Effects of various carbon sources on invertase productioch imgerafter 72 h in
CM1 at 30 C, initial pH 6.0, inoculum size 4x16onidia and agitation rate 50 rev/min.
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Fig. 4. Effects of various nitrogen sources invertase production bd. nigerafter 72 h
in CM1 containing molasses as carbon sowatc8C C, initial pH 6.0, inoculum size
4x1 conidia and agitation rate 50 rev/min.
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3.1.5 Effect of temperature

The effects of incubation temperatures invertase production bispergillus
niger IBGE 01 after 72 h in CM1 containing molasses as carbon source, yeast extract
nitrogen sourceat initial pH 6.0, inoculum size 4xi@onidia and agitation rate 50
rev/min are presented Kig. 5. The fermentation medin was incubated at a range of
temperatures 200° C. Invertase activity was the highest (5.67 U/mL) at 40° C. Similar
optimum temperature has been reportedfdilacinum(Ahmedet al.,2017).

3.1.6 Effect ofinitial pH

The effects of initial pH of fermentation medium on invertase produchgrA.
niger IBGE 01 after 72 h in CM1 containing molasses as carbon source, yeast extract
nitrogen source, temperature®4D, inoculum size 4x10conidia and agitation rate 50
rev/minare shownKig. 6). A range of pH (4.0 to 9.0) was studied and found that initial
pH of 6.0 would be the best for maximum enzyme production (5.67 U/mL). Similar
initial pH 6.0 was also reported by Dworsck & Wickerham (1961) for invertase
production from Saccharomycescerevisiae Results also indicate that invertase
production is appreciable between pH85which shows its pH stabilitghat is a

requirement for industrial use of a microorganidnamaet al.,2008).

3.1.7 Effect of inoculum size

Effects of inoculum sizes on invertase productigrA. nigerIBGE Olafter 72 h in
CML1 containing molasses as carbon source, yeast extract nitrogen source, tempé@ture 40
at initial pH 6.0 and agitation rate 58v/min are presentedr{g. 7). The quantity of
enzyme produced by a fungus depends upon number of conidia added to the culture
medium. Flasks were added widx1(P-8x10° conidia and maximum invertase
activity (7.01 U/mL) was observed when 5%i®nidiawere added to the medium.
Literature survey revealed that researchers have used inoculum sizes on the basis of
percentage of fermentation medi2ahot, 1986; Guimarédest al., 2007; Mammaet
al., 2008 but in the present study counted conidia were add¢ldetonediumin order
to generate more accurate results. Large inoculum size causes overgrowth and
nutritional imbalanced resulting less production of enzydah(t, 1986; Guimaréaes
et al, 2007 Mammaet al.,2008).
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Fig. 5. Effects of incubation temperatures on invertase productigh Ioygerafter 72 h in
CML1 containing molasses as carbon source, yeast extract nitrogen source, at initial pH 6.0,
inoculum size 4x1%conidia and agitation rate 56wmin.
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Fig. 6. Effects of initial pH of fermentation medium on invertase productio’\bigiger
after 72 h in CM1 containing molasses as carbon source, yeast extract nitrogen source,
temperature 40C, inoculumsize 4x18conidia and agitation rate 50 rev/min.
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Fig. 7. Effects of inoculum sizes on invertase productionfbyigerafter 72 h in CM1
containing molasses as carbon source, yeast extract nitrogen soure€,ahiial pH 6.0
and agitation rate 50 rev/min.
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Fig. 8. Effects of agitation rates on invertase productigrA.niger after 72 h in CM1
containing molasses as carbon source, yeast extract nitrogen sourceC an#ial pH
6.0 and inoculum size 5xi@onidia.
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Fig. 9. Effects of various culture media on invertase productioA.dumigatusafter 24 h,
at 30°C, initial pH 6.0, inoculum size 4x16onidia and agitatiorate 50 rev/min.
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Fig. 10. Effects of incubation time periods on invertase productiorbjumigatusin
CM1 at 30°C, initial pH 6.0, inoculum size 4x6onidia and agitation rate 50 rev/min.
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3.1.8 Effect of agitation rate

Theeffects of agitation rates on invertase producbgm\. nigerIBGE Olafter 72 h
in CM1 containing molasses as carbon sourcef ge@sict nitrogen sourcé(® C, at initial
pH 6.0 and inoculum size 5x1@onidiaare exhibited Kig. 8). Agitation rate is another
factor which affects the enzyme production. Agitation of media ensures the homogeneous
supply of nutrients4afar & Aslam 2013).The fermentation mediurwas agitated at 50,
100, 150, 200, 250 and 300 rev/min. Invertase iactivas maximum (8.23 U/mL) at 150
rev /min. Literature suryerevealed that researcheeported various agitation rates (100
200 rev/min) for enzymes production by different microorganisms (Dahot, 1986;
Quirogaet al.,1995; Hocineet al.,2000;Rubioetal., 2002; Bhattiet al.,2006).

3.1.9 Optimized parameters

Optimal conditions for the production of invertase (8.23 U/mL)Aspergillus
niger IBGE 01 were observed when the straivas grownon culture medium CM1
containing yeast extract as a source of nitrogen, molassesaurce of carbon after 72 h
of incubation a#0° G, initial pH 6.0,inoculum size of 5x10conidia in 50 mL of culture

medium and agitation rate of 150 rev/min.
3.2 Optimization of invertase production byAspergillus fumigatusIBGE 02

3.2.1 Effect of culture media

The effects of various culture media on invertase productiorAbyumigatus
IBGE 02 after 24 h, at temperature® 81 initial pH 6.0, inoculum size 4x%@onidia and
agitation rate 50 rev/mimre given Fig. 9. The strain was grown on five different
culture media.e. CM1, CM2, CM3, CM4 and CM5. It was capable of growing well on
all types of culture media but production of invertase was maximum (0.87 WmL)

culture mediunCM1 and itwas selected for the next study of invertase production.

3.2.2 Effect of incubation time period

The effects of incubation time periods on invertase productior bfumigatus
IBGE 02in CM1 at temperature 30C, initial pH 6.0,inoculum size 4x10conidia and
agitation rate 50 rev/miare shown irfFig. 1Q Invertase activity was measured at regular
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interval of 24 h and it was found that the maximum activity (1.67 U/mL) was observed
after 48 h of incubation. On prolonged incubatenzyme activity was decreas&dhich

may be due to denaturing of enzyme or synthesis of inhibiting metabolite (Matraha
2008). Incubation time period of 48 h was also reported for invertase production by

Aspergillus fumigatuand Aspergillus flavugKulshresthaet al, 2013).

3.2.3 Effect of carbon sources

The effects of various carbon sources invertase production b&. fumigatus
IBGE 02 after 48 h in CMAt temperature 30C, initial pH 6.0, inoculum size 4x10
conidia and agitation rate 5fev/min are exhibited Kig. 11). It was observed that
invertase activities were lower than control (1.67 U/mL) in case of &uBphuric acid
hydrolysed agriculture waste (1.31.56 and1.09 U/mL for cotton stalk, sunflower waste
and rice husk respectively) and closer with 0.5 % of molasses and date syrup (1.87 and
1.58U/mL respectively). Invertase activities were higher than control, glucose (1.67 U/mL)
when 0.8 sulphuric acid hydrgsed agriculture waste (2.44, 2&3d 2.16 U/mL for cotton
stalk, sunflower waste and rice husk respectively) and 1 % of molasses (2.34 U/mL) and date
syrup (2.06 U/mL) were used. Sunflower waste was proved the most suitable source of
carbon for this stia. Umaet al. (2010) have reportefuit peelas the appropriate carbon

source for invertase production Bgpergillus flavus.

3.2.4 Effect of nitrogen sources

The effects of various nitrogen sources invertase production b4. fumigatus
IBGE 02 after 48 h in CM1 containing sunflower waste as carbon satiteenperature
30° C, initial pH 6.0, inoculum size 4x16onidia and agitation rate 50 rev/npresented
(Fig. 12) The strain showed the capability of utilizing well all types (exaept) of
nitrogen sources but yeast extract was found to be the best (2.74 U/mL in 0.25 % and
3.65 U/mL in 0.50 %). Yeast extract was also reported as the best nitrogen source for
Candida utilis (Zafar & Aslam, 2013 Saccharomyces cerevisig®worsclack &
Wickerham 1961)andAspergillus ochraceugGuimaraest al, 2007).Very low values
(0.42 and 0.16 U/mL) of invertase activities were observed when urea was used as nitrogen

source. It may be due to denaturing effect of urea on invertase (Hassajr2010).
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Fig. 11. Effects of various carbon sourcas invertase production By. fumigatusafter 48 h
in CM1 at 30°C, initial pH 6.0, inoculum size 4xi6€onidia and agitation rate 50 rev/min.
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Fig. 12. Effects of various nitrogen sources invertase production . fumigatusafter
48 h in CM1 containing sunflower waste as carbon soatcg80°C, initial pH 6.0,
inoculum size 4x10conidia and agitation rate 50 rev/min.
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Fig. 13. Effects of incubation temperaturea invertase productiony A. fumigatusafter
48 h in CM1 containing sunflower waste as carbon source, yeast extract nitrogenatource,
initial pH 6.0, inoculum size 4xf@onidia and agitation rate 50 rev/min.
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Fig. 14. Effects of initial pH of fermentation medium on invertase produdiioA. fumigatus
after 48 h in CM1 containing sunflower waste as carbon source, yeast ext@gpn
source, 30€, inoculum size 4x1xonidia and agitation rate 50 rev/min.
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Fig. 15. Effects of inoculum sizes on invertase productiymA. fumigatusafter 48 h in
CML1 containing sunflower waste as cartsmuirce, yeast extract nitrogen source, at 30° C,
initial pH 6.5 and agitation rate 50 rev/min.
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Fig. 16. Effects of agitation rates on nvertase produchgrA. fumigatusafter 48 h in
CML1 containing sunflower waste aearbon source, yeast extract nitrogen source, &£ 30°
initial pH 6.5 and inoculum size 6x36onidia.
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