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ABS TRACT  
 

 

The modern biotechnological setup has motivated the need for enlarged survey of 

microorganisms surviving and producing enzyme in extreme conditions due to 

increasing demand of enzymes. The present study aims to explore filamentous fungi, 

which are potent for the production of large quantities of industrial enzymes by using 

agricultural based by-products. In this work optimization parameters in submerged 

fermentation were studied for the production of invertase and Ŭ-amylase from various 

local fungi [Aspergillus fumigatus Fresenius 1863 (IBGE 02), Aspergillus niger van 

Tieghem 1867 (IBGE 01), Penicillium expansum Link (1809;  IBGE 06), Penicillium 

lilacinum Thom (1910;  IBGE 04), Penicillium notatum Thom (1910; IBGE 03), Mucor 

geophilus Oudem., Archives Néerlandaises 7: 278 (1902;  IBGE 05)] using agricultural 

wastes (sunflower waste, cotton stalk and rice husk) as well as agro industrial wastes 

(date syrup and molasses) as sources of carbon. Effects 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 Ŭ-amylase), sources of nitrogen (corn steep liquor, casein, potassium 

nitrate, albumin, ammonium sulphate, urea and yeast extract), pH (4.0-9.0), temperatures 

(20-70° C), inoculums (4x10
6
-8x10

6 
conidia) and agitation rates (50-300 rev/min) were 

also investigated for maximum  enzymes  production individually for each fungus.  

When optimum conditions of invertase productions from under investigated fungi 

were compared, it was observed that the highest level of enzyme was produced from 

Penicillium lilacinum IBGE 04(13.05 U/mL) when the strain was grown on culture 

medium CM1 containing yeast extract as a source of nitrogen, date syrup as a source of 

carbon after 96 h of incubation at initial pH 8, temperature 40° C, inoculum size of 6x10
6 

conidia in 50 mL of culture medium and agitation rate of 200 rev/min.  
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Whereas Ŭ-amylase productions from under investigated fungi were compared 

then it was observed that the highest level of enzyme was produced from Aspergillus 

niger (8.14 U/mL) when the strain was grownonculture medium M1 containing yeast 

extract as a source of nitrogen, molasses as a source of carbon after 72 h of incubation at 

initial pH 6.5, temperature 40° C, inoculums 5x10
6 

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 

Penicillium lilacinum 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 

constants (Km 2.76 mM and Vmax 178.6 U/mL/min) were determined by Lineweaver-

Burk Plot and molecular mass (110 kDa) by 10 % SDS-PAGE. Invertase showed 

maximum activity at pH 5.5 (121.7 U/mL) and at the temperature of 55°
 
C (106.8 

U/mL). BaCl2 (24.6 %), CoCl2 (5.7 %), MgCl2 (9.6 %), MgSO4 (48.9 %), MnCl2 (52.9 %) 

and NaCl (4.2 %) enhanced the relative activity of enzyme and HgCl2 (-92.8 %), CuSO4 

(-80.2 %) and CuCl2 (-76.6 %) were proved inhibitors.  
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1.  INTRODUCTION  
 

1.1. General introduction  

  

 Biosynthesis, also called biogenesis, is an enzyme-catalyzed multi-step process in 

which simple compounds or nutrients are converted into more complex products such as 

enzymes and antibiotics. In biosynthesis, simple compounds are changed, transformed 

into other useful compounds or linked together to form macromolecules.  

 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, Solid-State Fermentation (SSF) in which solid substrates, like bagasse, 

bran and paper pulp are utilized; and Submerged Fermentation (SmF), in which free 

flowing liquid substrates such as molasses and broths are utilized. An important 

advantage of SmF technique is that purification of products is easier and effective control 

over cultural conditions (Subramaniyam & Vimala, 2012). 

 An enzyme is a soluble colloidal organic catalyst, which is produced by a living 

organism (Haldane, 1930; Warshal, 1978). Enzymes are far superior to catalyst made by 

chemists since they are much more specific, have 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, enzyme catalyzed 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; Warshal, 1978). Among 

hydrolytic enzymes invertase, amylase and glucose isomerase are very important (Dahot 

1986; Ahmed et al., 2011, 2014). 

 The worldôs most abundant renewable carbon source has been envisioned as 

rout towards the conversion of cellulose and hemicellulose to fuel, food, enzymes, 

medicines, single cell protein 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 niger, Aspergillus fumigatus and Penicillium liacinum (Smith, 1971; 

Ahmed et 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
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 Agricultural wastes in Pakistan are usually disposed of by environment non-friendly 

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 the production of 

valuable enzymes and other useful products while on the other hand pollution problem can 

be reduced. A number of nonconventional carbon sources such as starch, date syrup, 

sunflower waste, oilcakes, cassava starch, potato peel, fruit peel, corn and tapioca have 

been used in submerged fermentation for various enzymes production (Krishnan & 

Chandra, 1982; Sani et al., 1992; Negi & Benerjee, 2006; Sivaramakrishnan et al., 2006; 

Ahmed et al., 2011; 2014; Mahdi et al., 2012).  

 The modern biotechnological setup due to increasing demand of enzymes has 

motivated the need for enlarged survey of microorganisms surviving and producing 

enzyme in extreme conditions (Mamma et al., 2008). For the production of large 

quantities of enzymes filamentous fungi have biotechnological importance (Ahmed et 

al., 2011; 2014).  

In this work optimization parameters in submerged fermentation were studied for 

the production of invertase and Ŭ-amylase from various local fungi [Aspergillus 

fumigatus Fresenius 1863 (IBGE 02), Aspergillus niger van Tieghem 1867 (IBGE 01), 

Penicillium expansum Link (1809;  IBGE 06), Penicillium lilacinum Thom (1910;  IBGE 

04), Penicillium notatum Thom (1910; IBGE 03), Mucor geophillus Oudem., Archives 

Néerlandaises 7: 278 (1902;  IBGE 05)] using agricultural wastes (sunflower waste, 

cotton stalk and rice husk) as well as agro industrial wastes (date syrup and molasses) as 

sources of carbon. 

1.2 Invertase 

  

 Invertase (ɓ-D-fructofuranosidase, Enzyme Commission No. is 3.2.1.26) splits 

sucrose by hydrolysis and releases glucose and fructose (Ahmed et al., 2011).  There are 

two forms of invertase L-form (glycosylated) and S-form (non-glycosylated). L-form is 

high molecular weight glycoprotein while S-form is low molecular weight protein 

(Rashad et al., 2006). Invertase may be intracellular (repressed form) or extracellular 

(de-repressed form). Extracellular invertase is more stable than intracellular; therefore, it 

is commercially more important (Chan et al., 1991; Aslam et al., 2013). 
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 Invertase is 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 anti-bacterial properties (Phadtare et al., 2004; Kotwal & Shankar, 

2009; Safarik et al., 2009; Kulshrestha et al., 2013).  

 The modern biotechnological setup due to increasing demand of enzymes has 

motivated the need for enlarged survey of microorganisms surviving and producing enzyme 

in extreme conditions (Mamma et 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 (Luxhoi et al., 2002; 

Kulshrestha et al., 2013). Various fungi like Aspergillus flavus (Uma et al., 2010), Aspergillus 

niveus (Guimarães et al., 2009), Aspergillus ochraceus (Guimarães et al., 2007), 

Saccharomyces cerevisiae (Bokosa et al., 1992) Aspergillus niger (Ashokumar, 2001), 

Candida utilis (Zafar & Aslam, 2013) and Cladosporium cladosporioides (Uma et al., 2012) 

have been reported for the production of invertase. 

 The production of enzyme depends upon various factors like the strain, culture 

medium, incubation time period, sources of carbon and nitrogen, temperature, pH, 

agitation rate and inoculums (Uma et al., 2010; Kulshrestha et al., 2013; Ashokumar, 

2001; Aslam et al., 2013; Guimarães et 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 enzymes (Dworschack & Wickerham, 1961; Poonawalla et al., 

1965; Burrel et al., 1966; Herwig et al., 2001; Almeida et al., 2005; Souza et 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 (Uma et al., 2010; Kulshrestha et al., 2013; Ashokumar, 2001; Aslam et 

al., 2013; Guimarães et 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 various enzymes production (Krishnan & 

Chandra, 1982; Sani et al., 1992; Negi & Benerjee, 2006; Sivaramakrishnan et al., 2006; 

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

the production of invertase by different fungi are mentioned below (Table 1.1). 
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TTaabbllee  11..11..    TThhee  mmoosstt  ssuuii ttaabbllee  ccaarrbboonn  ssoouurrccee  ffoorr  iinnvveerrttaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  Carbon Source Reference 

Aspergillus flavus Fruit peel Uma et al., 2010 

Cladosporium cladosporioides Pomegranate peel Uma et al., 2012 

Aspergillus ochraceus Sugar cane bagasse Guimarães et al., 2007 

Aspergillus niveus Sugar cane bagasse Guimarães et al., 2009 

Candida utilis Pure sugars Zafar & Aslam, 2013 

 In the present work we have used sunflower waste, cotton stalk, rice husk, date syrup 

and molasses which are agricultural based by-products and in the third world country like 

Pakistan they are usually disposed off by environment non friendly manner.  

 Production of enzyme by microbial source is greatly 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 effects on enzyme 

production (Ashokumar, 2001; Guimarães et al., 2007; Aslam et al., 2013; Uma et 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 (Uma et al., 2010; Ahmed 

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

production of invertase by different fungi are described below (Table 1.2).  

TTaabbllee  11..22..  TThhee  mmoosstt  ssuuii ttaabbllee  nnii ttrrooggeenn  ssoouurrccee  ffoorr  iinnvveerrttaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  Nitrogen Source Reference 

Aspergillus flavus Yeast extract Uma et al., 2010 

Cladosporium cladosporioides Yeast extract Uma et al., 2012 

Escherichia coli Yeast extract plus peptone Olusanya & Oliotula, 1994 

Candida utilis Peptone Belcarz et al., 2000 

Candida utilis Yeast extract Zafar & Aslam, 2013 

Saccharomyces cerevisiae Corn steep liquor Chan et 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 (Laluce et al., 1991). Some reported incubation time periods for the production of 

invertase by different fungi are mentioned below (Table 1.3). 
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TTaabbllee  11..33..  OOppttiimmuumm  iinnccuubbaattiioonn  ttiimmee  ppeerriioodd  ffoorr  iinnvveerrttaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  Incubation time (h) Reference 

Aspergillus flavus               96 Uma et al., 2010 

Cladosporium cladosporioides               96 Uma et al., 2012 

Aspergillus ochraceus               96 Guimarães et al., 2007 

Aspergillus niveus               96 Guimarães et al., 2009 

Candida utilis                  24 Zafar & Aslam, 2013 

Saccharomyces cerevisiae               48 Mizunaga et al., 1981 

  

The production of enzyme is also affected by the initial pH of the culture medium 

because it is related with high productivity, high cell density and high yields (Porro et al., 

1991). Enzymes are active within a range of pH and usually they have a fixed optimum pH 

(Segel, 1975). For the production of invertase optimal pH is related with the sucrose 

fermentation (LôHocine et al., 2000). Some reported optimum pHs for maximum production 

of invertase by different fungi are as follows (Table 1.4). 

 

TTaabbllee  11..44..  OOppttiimmuumm  iinnii ttiiaall   ppHH  ffoorr  iinnvveerrttaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  pH Reference 

Aspergillus flavus 5.0 Uma et al., 2010 

Cladosporium cladosporioides 4.0 Uma et al., 2012 

Penicillium lilacinum 8.0 Ahmed et al., 2011 

Mucor geophillus 8.0 Qureshi et al., 2012 

Candida utilis 4.0 Zafar & Aslam, 2013 

Saccharomyces cerevisiae 6.0 Dworschack & Wickerham, 1961 

 

 The production of enzyme is also influenced by incubation temperature as it 

determines the rate of substrate hydrolysis in the reaction mixture (Vrabel et al., 1997). It is 

also important factor for growth and enzyme production (Zafar & Aslam, 2013). Some 

reported optimum temperatures for maximum production of invertase by different fungi are 

mentioned below (Table 1.5).  
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  TTaabbllee  11..55..  OOppttiimmuumm  tteemmppeerraattuurree  ffoorr  iinnvveerrttaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus   Temperature (
o 
C) Reference 

Aspergillus flavus               30 Uma et al., 2010 

Cladosporium cladosporioides               30 Uma et al., 2012 

Penicillium lilacinum               40 Ahmed et al., 2011 

Mucor geophillus               45 Qureshi et al., 2012 

Candida utilis                  30 Zafar & Aslam, 2013 

Saccharomyces cerevisiae               30 Dworschack & Wickerham, 1961 

 

 The inoculum size or the number of conidia is also important because it determines 

the quality and quantity of enzymes, which are being produced by microbial sources (Zafar 

& Aslam, 2013). Cells have the ability to change their metabolism according to the 

environment changes (Prescot et al., 1987).The inoculums and age on enzyme production 

must be examined before fermentation process (Bokosa et al., 1992).  Large inoculum size 

reduces the inhibitory effect of substrate and products and brings the fermentation process in 

reduced time (Riesenberg & Guthke, 1999). Zafar & Aslam (2013) have reported 2 % 

inoculum size for Candida utilis while 7.8 % by Rosma & Ooi (2006) for the maximum 

production of invertase.  

 Agitation rate is another factor for the growth and product formation because 

it ensures the homogeneous supply of nutrients. Agitation also ensures the collision 

of enzyme substrate molecules, which causes the formation of enzyme-substrate 

complex (Quierzy et al., 2004; Zafar & Aslam, 2013). For biomass production 

agitation rate 900 rev/min is suitable while for enzyme production 200 rev/min is 

suitable (Almeida et al., 2005; Rosma Ooi, 2006).   

1.3 Alpha-amylase  

  

 Alpha-amylase (Enzyme Commission No. is 3.2.1.1) is an extracellular enzyme, 

which splits Ŭ-1, 4- glycosidic bonds of starch and produces glucose, maltose and alpha 

limit dextrin (Omemu et al., 2005; Bhanja et al., 2007; Leman et al., 2009).The substrate 

of amylase is starch, which is a polysaccharide and composed of two types of polymers 

amylose and amylopectin. Starch is composed of 20-25 % amylase, which is a linear 

chain of glucose units joined by Ŭ-1, 4- glycosidic bonds and about 75-80 % 

amylopectin, which is branched macro molecule of glucose in which 1, 6- glycosidic 

bonds are also present (Sundarram & Murthy, 2014). 
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 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 hydrolysis they also catch uses in 

pharmaceutical, food, 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. Growing value and 

consumption of Ŭ-amylase in different industries has positioned a greater stress on 

increasing native enzyme production and exploration of more prompt processes (Asad 

et al., 2014; Sundarram & Murthy, 2014). 

 The maximum production of enzyme by fungi depends upon the strain, 

composition of cultural medium, sources of carbon, sources of nitrogen, initial pH, 

temperature, incubation time period,  thermo stability and metal ions (Hughes & Poole, 

1991; Sundarram & Murthy, 2014) . 

 Alpha-amylase having 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; Hughes & Poole, 1991).  

 Production of enzyme is immensely affected by the cultivation method. Enzyme 

can be produced by solid state (Akpan & Adlaja, 2004) and submerged fermentation 

method (Kim et al., 1997; Haq et al, 2002). The technique of shake flask in submerged 

fermentation has been investigated by many researchers (Gandhi & Kaergaard, 1975; 

Castro et al., 1999; Fengxie et al., 2002).  

TTaabbllee  11..66..  TThhee  mmoosstt  ssuuii ttaabbllee  ccaarrbboonn  ssoouurrccee  ffoorr  ŬŬ--aammyyllaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  Carbon Source Reference 

Aspergillus fumigatus Pomegranate peel Singh et al., 2014 

Aspergillus niger Wheat bran Khan &Yadav, 2011 

Aspergillus species Starch Matthias, 2013 

Mucor species Starch Matthias, 2013 

Rhizopus species Starch Matthias, 2013 

Aspegillus niger Starch Saleem & Ebrahim, 2014 

Rhizopus stolonifer Starch Saleem & Ebrahim, 2014 
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TTaabbllee  11..77..  TThhee  mmoosstt  ssuuii ttaabbllee  nnii ttrrooggeenn  ssoouurrccee  ffoorr  ŬŬ--aammyyllaassee  pprroodduuccttiioonn  bbyy  ddii ffffeerreenntt  ffuunnggii ..  

Fungus  Nitrogen Source Reference 

Aspergillus fumigatus Beef extract Singh et al., 2014 

Aspergillus niger Peptone Khan & Yadav, 2011 

Aspergillus sp. Ammonium nitrate Matthias, 2013 

Mucor sp. Ammonium nitrate Matthias, 2013 

Rhizopus species Ammonium nitrate Matthias, 2013 

Aspergillus niger Peptone and ammonium sulphate Saleem & Ebrahim, 2014 

Rhizopus stolonifer Peptone and ammonium sulphate Saleem & Ebrahim, 2014 

 

 Some reported the most suitable carbon sources (Table 1.6), nitrogen sources (Table 

1.7), incubation time period (Table 1.8), pH (Table 1.9) and temperature (Table 1.10) for the 

maximum production of Ŭ- amylase by different fungi are mentioned.  

TTaabbllee  11..88..  OOppttiimmuumm  iinnccuubbaattiioonn  ttiimmee  ppeerriioodd  ffoorr  ŬŬ--aammyyllaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  Incubation time(h) Reference 

Aspergillus fumigatus 144 Singh et al., 2014 

Aspergillus niger 48 Khan & Yadav, 2011 

Aspergillus species 120 Matthias, 2013 

Aspergillus niger 144 Saleem & Ebrahim, 2014 

Mucor sp. 120 Matthias, 2013 

Rhizopus sp. 120 Matthias, 2013 

Rhizopus stolonifer 144 Saleem & Ebrahim, 2014 

 

TTaabbllee  11..99..  OOppttiimmuumm  iinnii ttiiaall   ppHH  ffoorr  ŬŬ--aammyyllaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  pH Reference 

Aspergillus fumigatus 6.0 Singh et 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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TTaabbllee  11..1100..    OOppttiimmuumm  tteemmppeerraattuurree  ffoorr  ŬŬ--aammyyllaassee  pprroodduuccttiioonn  bbyy  ddii ff ffeerreenntt  ffuunnggii ..  

Fungus  Temperature (° C) Reference 

Aspergillus fumigatus 35 Singh et 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 Saleem & Ebrahim, 2014 

 
 

1.4 Purification and characterization of enzyme 
 

 For the purification of enzyme initial purifying agents such as ammonium 

sulphate, propanone, ethanol etc. 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 chromatography were used for enzyme purification (Belcarz et 

al., 2000; Guimarães et al., 2007; Uma et al., 2007). Chan et al. (1991) reported 75 % 

recovery of invertase with nine fold purification using 0.05 M Tris-HCl buffer containing 

0.5 M sodium chloride at pH 7. Molecular mass of purified enzyme are reported in kilo 

Dalton (1 amu = 1 Dalton), which is usually determined by SDS-PAGE (Rubio et al., 

2002). Milintawisamai et al. (2007) found the molecular mass of extracellular invertase 

from Cryptococcus humicolus as 110 kDa. In Xanthophyllomyces dendrorhous invertase 

was found to be as glycoprotein with molecular mass of 160 kDa (Linde et al., 2009). 

 The characterization and Michaelis-Menten kinetic parameters show the 

efficiency of enzyme. Michaelis-Menten constant (Km) is defined as the substrate 

concentration at half the maximum velocity (Vmax). Both kinetic parameters of enzyme 

are determined by Lineweaver-Burk Plot for its substrate. Varying Km and Vmax values 

were reported in Literature. LôHocine et al. (2000) reported Km (44.38 mM) and Vmax 

(1030 mmol/mL/min) values of invertase from Aspergillus niger. Guimarães et al. 

(2007) calculated Km (7.37, 13.4 and 2.66 mM) and Vmax (22.39, 42.13 and 3.14 U/mg) 

values of invertase from Aspergillus ochraceus. Bhatii et al., (2006) reported Km (3.57 

mM) of invertase from Fusarium solani. 
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1.5 Objectives 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 different sources, date syrup, 

molasses etc. 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 and Ŭ-amylase, 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 can be earned by production of these enzymes 

using native sources. 

 Specific objectives of the present work were: 

ü To explore optimal conditions for the production of invertase by various fungi 

using agricultural based by-products as carbon sources. 

ü  To explore optimal conditions for the production of Ŭ-amylase by various 

fungi using agricultural based by-products as carbon sources. 

ü  Biosynthesis of large quantity of that enzyme which was producing in the 

highest quantity. 

ü 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, 3,5-dinitrosalicylic acid, phenol, calcium chloride, cobalt 

chloride, sodium dihydrogen phosphate, manganese sulphate, yeast extract, peptone, corn 

steep liquor, urea, ammonium nitrate, casein, ZnSO4.7H2O, NH4 Cl, KCl, KH2PO4, 

MnSO4.H2O, ZnSO4.7H2O, starch, Tris-HCl, acrylamide,  protein markers (Perfect Protein 

Markers
TM

 10-225 kDa, Novagen, USA) etc. were of analytical grade and obtained from 

BDH (UK), Sigma-Aldrich (USA),  E-Merck (Germany), Fluka (Switzerland) and Acros 

(Belgium). All other chemicals were of the highest possible purity. 

 

2.1.1 Instruments 
 

1. Analytical balance (Sartorius Germany) 

2. Haemocytometer (BOE 13, Boeco Germany) 

3. Autoclave (Model: KT- 40 L, ALP, Japan) 

4. pH meter (Model: CCMD510 WPA, England) 

5. Spectrophotometer (Model: Hitachi-220 double beam) 

6. Orbital shaking incubator ( SANYO Gallenkamp, PLC, UK)  

7. Magnetic stirrer (cobimag-RCO) 

8. Electrophoresis unit (Mini -PROTEAN 3, Bio-Rad Lab., USA) 

9. High speed centrifuge (Sigma 3k 30) 

10. Oven (Model: UM-400 MEMMERT, Germany) 

11. Water bath (MEMMERT, Germany) 

 

2.1.2 Strains 
 

  Strains of following fungi were obtained from the Institute of Biotechnology and 

Genetic Engineering, University of Sindh Jamshoro and culture were maintained as 

followed by Dahot (1986). In the present study slants of 4 days old were used for 

inoculation. 

1.  Aspergillus fumigatus Fresenius 1863, IBGE 02 

2.  Aspergillus niger van Tieghem 1867, IBGE 01 

3.  Penicillium expansum Link (1809), IBGE 06 

4.  Penicillium notatum Thom (1910), IBGE 03 

5.  Penicilium lilacinum Thom (1910), IBGE 04 

6.  Mucor geophillus Oudem., Archives Néerlandaises 7: 278 (1902), IBGE 05 
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2.2 Methods 

 

Present work was carried out with shaken flask technique of submerged 

fermentation in which 250 mL flask containing 50 mL of culture medium was incubated 

in shaking incubator at specific conditions (temperature 30° C, pH 6.0, inoculums size 

4x10
6
 conidia, agitation rate 50 rev/min). 

 

2.2.1 Conidia count 
 

 Number of conidia of each fungus was counted by haemocytometer. Spore 

suspension was maintained about 4x10
6 

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 waste (cotton stalk, sunflower waste and rice husk) were 

grinded to convert into powdered form. Ten gram of it was hydrolyzed with 0.8 L of 

0.3 N and 0.6 N H2SO4 for two hours by boiling and maintaining the slurry level 

constant. The processed slurry was autoclaved for 30 minutes at 105 kg/cm
2
. It was 

filtered after cooling at room temperature. The filtrate of solubilized agricultural waste 

was added into the growth medium as a carbon source. The loss in weight was 

determined after drying at 105°
 
C in the oven for one hour (Dahot & Abro, 1994). An 

agricultural waste hydrolysed with sulphuric acid produces a variety of sugars and their 

degradation products (Ahmed et al., 2011).  The hydrolysis of cotton stalks (Table 2.1), 

sunflower waste (Table 2.2) and rice husk (Table 2.3), to fermentable sugars  by 0.3 N 

and 0.6 N H2SO4 along with the percentage solubility, total sugars and reducing sugars 

are shown in the tables below (Tables 2.1, 2.2 & 2.3). Total sugar and reducing sugar in 

molasses and date syrup are also mentioned (Table 2.4). 

 

2.2.3 Determination of total sugar 
 

 The total sugar of processed agriculture waste, date syrup and culture broth was 

determined by (Dubois et 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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TTaabbllee  22..11  HHyyddrrooll yyssiiss  ooff   CCoottttoonn  ssttaallkkss..    

Parameters  

Amount  

0.3N H
2
SO

4
  0.6N H

2
SO

4
  

Cotton stalk  Cotton stalk  

Initial mass  10.00 g  10.0 g  

Final mass  8.20 g  7.22 g  

Loss of mass  1.80 g  2.78 g  

Total sugar  175 µg/mL  253 µg/mL  

Reducing sugar  132 µg/mL  186 µg/mL  

% of hydrolysis  18.0  27.8  

 

TTaabbllee  22..22  HHyyddrrooll yyssiiss  ooff   SSuunnff lloowweerr  wwaassttee..  

Parameters  

Amount  

0.3N H2SO4  0.6N H2SO4  

Sunflower waste  Sunflower waste  

Initial mass  10.00 g  10.0 g  

Final mass  7.63 g  6.52  g  

Loss of mass  2.37 g  3.48 g  

Total sugar  201 µg/mL  297 µg/mL  

Reducing sugar  195 µg/mL  239 µg/mL  

% of hydrolysis  23.7  34.8  

 

TTaabbllee  22..33  HHyyddrrooll yyssiiss  ooff   RRiiccee  hhuusskk..  

Parameters  

                                 Amount  

0.3N H2SO4  0.6N H2SO4  

Rice husk  Rice husk  

Initial mass  10.00 g  10.0 g  

Final mass  7.91 g  7.02 g  

Loss of mass  2.09 g  2.98 g  

Total sugar  164 µg/mL  238 µg/mL  

Reducing sugar  153 µg /mL  211 µg/mL  

% of hydrolysis  20.9  29.8  
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TTaabbllee  22..44  SSuuggaarr  ccoonntteennttss  ppeerr  mmLL  iinn  mmoollaasssseess  aanndd  ddaattee  SSyyrruupp..    

Parameters  
 Amount  

Date Syrup  Molasses  

Total sugar  357 µg/mL  438 µg/mL  

Reducing sugar  279 µg /mL  235 µg/mL  

 

2.2.5 Determination of total protein 
 

 Protein in the enzyme sample was determined by the method of Lowry et al., (1951). 

2.2.6 Determination of enzyme activity 
 

2.2.6.1 Invertase activity (Akgol et al., 2001) 

 Enzyme sample of 0.1 mL was added in 2.5 mL acetate buffer (50 mM, pH 

5.5) containing 0.1 mL sucrose (300 mM) and then incubated for 5 minutes at 35°
 
C 

then added 1.0 mL of DNS,  boiled for five minutes and cooled at room temperature 

later on absorbance was noted at 540 nm.  

 One unit of invertase activity is the amount of enzyme, which releases 1 mg of 

inverted sugar in 5 min at 35°
 
C and pH 5.5. 

2.2.6.2 Ŭ-Amylase Activity (Bernfeld, 1955) 

 Enzyme sample of 1.0 mL was added in 1.0 mL of 1 % (w/v) soluble starch in 

50 mM sodium phosphate buffer at pH 7.0 and then incubated for 3 min. at 50°
 
C 

then added 1.0 mL DNS and boiled for 15 minutes and cooled at room temperature 

later on absorbance was noted at 540 nm. 

 One unit of Ŭ-amylase is the amount of enzyme that will release 1 mg of 

reducing sugar in 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 fungus. 

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 (in g/L) as following: 
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CM1:   Dextrose 10, Peptone 5, Epsom salt 5, KH2 PO4 5, Common salt 2.5, ferrous 

sulphate hepta hydrate 0.01,  ZnSO4.7H2O 0.002, MnSO4.H2O 0.001 and thiamine 

hydrochloride 0.001 (Burrel et al.,1966). 

CM2:  Yeast extract 10, peptone 20 and sucrose 20 (Dworschack & Wickerham, 1961). 

CM3: Yeast extract 20, peptone 40, sucrose 20, KH2 (PO4)2 and Epsom salt 1 (Souza et al., 2007). 

CM4:  NaNO3 3, KCl 0.5, Epsom salt 0.5, ferrous sulphate hepta hydrate 0.01, K2HPO4 1, 

Sucrose 30 (Almeida et al., 2005). 

CM5:  Sucrose 40, Corn steep liquor 30, NaNO3 3, KH2PO4 0.5, Epsom salt 0.05, CaCO3 

2.5 (Poonawalla et al., 1965).  

 For optimization of Ŭ-Amylase production following culture media were used 

having composition (g/L). 

M1:  Dextrose 10, Peptone 5, Epsom salt 5, KH2 PO4 5, Common salt 2.5, ferrous sulphate 

hepta hydrate 0.01,  ZnSO4.7H2O 0.002, MnSO4.H2O 0.001 and thiamine hydrochloride 

0.001 (Burrel et al., 1966). 

M2:   soluble starch 20, NH4NO310, KH2PO4, 14,  KCl, 0.5, Epsom salt 0.1, 

FeSO4.7H2O, 0.01  (Matthias, 2013).  

 

M3:  NaCl 0.8, KCl 0.8, CaCl2 0.1, Na2HPO4 2.0, MgSO40.2, FeSO4 0.1, 8.0 Glucose, 

NH4 Cl 2.0 (Khan & Yadav, 2011). 

 

M4:  Zn SO4.7H2O 0.062, FeSO4 0.068, copper sulphate pent hydrate 0.0001 and wheat bran 

100 (Hayashida & Teramoto, 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 various time periods 

from 24-240 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 waste, cotton stalk, rice husk, which were 

hydrolyzed by 0.3 N H2SO4 and 0.6 N H2SO4. Date syrup and molasses were used 0.5 % 

and 1 % in place of glucose (control). 



19 

 

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) by corn steep liquor, casein, potassium nitrate, albumin, 

ammonium 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 from 20-70°
   
C to determine the most 

suitable incubation temperature 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 4.0-9.0 was checked for optimum enzymes 

production. 

2.2.7.7 Inoculum size 

 Productivity was also checked in terms of number 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 for optimization 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 from Penicillium 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 (20-85 %) 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 in 0.5 M Tris Hydrochloric acid buffer at 

pH 7.5 and dialyzed.   



20 

 

2.2.8.2 Column chromatography 

 The crude enzyme was loaded onto a DEAE-cellulose column (1.0 cm x 10.0 cm) 

which was equilibrated with 100 mM of Tris-HCl buffer at pH 7.5. With the linear salt 

gradient (sodium chloride, 0-1 M) the enzyme was eluted in the same buffer and 2.9 mL 

of fractions were obtained at 20 mL per hour flow rate at 4
o 

C. The collected fractions 

were analyzed for invertase activity. Only those fractions having high enzyme activities 

were pooled, dialyzed and examined on SDS-PAGE. 

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 of H2O. The purified enzyme was stored at -5°
 
C. 

2.2.9 Characterization of purified enzyme 

 

2.2.9.1 Determination of kinetic parameters (Km & Vmax) 

 With the help of Lineweaver-Burk Plot (Lineweaver & Burk, 1934) the kinetic 

constant, Km of purified invertase was determined by following conditions; sucrose (10-

100 mM) in 0.05 M acetate buffer (pH 5.5), incubation time 15 minutes and temperature 

37° 
 
C. The maximum velocity, Vmax 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 buffer at 

different pH from 3.0-9.0 at 40°
 
C for fifteen minutes. After the determination of 

optimum pH invertase activity was checked at different temperatures from 20-70°
 
C 

(Akgol et al., 2001). 

2.2.9.3 Effects of various additives on invertase activity 

 Various compounds such as KCl, NaCl, EDTA, MgCl2, MnCl2, HgCl2, CuSO4, 

ZnSO4, CaCl2, BaCl2, CoCl2, AgNO3, NiSO4, etc. (all 1 mM) were incubated with 

purified enzyme at 55
o 
C 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 % SDS-PAGE and 

reported in kilo Dalton. Perfect Protein Markers
TM

 10-225 kDa (Novagen, USA) was 

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 H2O and then filtered. 

 

2.3.2 Acrylamide bisacrylamide 
 

 Acrylamide 29 g + bisacrylamide 1 g in 100 mL of H2O and 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 
 

 Bromophenol blue 5 g in 50 mL H2O and final volume 100 mL. 

 

2.3.5 Staining solution 
 

 Coomassie brilliant blue R-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 volume 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, 5-dinitrosalicylic acid 10.6 g + NaOH 19.5 g in 600 mL of H2O + heated at 

80°C + Sodium potassium tartarate 306 g + phenol 7.5 mL + sodium 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 g/L 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 final volume up to 100 mL. 
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2.3.9 Phosphate buffer (pH 7) 
 

 KH2PO4 1.8 g + 3.5 g of Na2HPO2 in 100 mL of H2O and volume up to 1 L. 

  

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

 Tris 6.25 g in 800 mL of H2O then adjusted pH 7.5 (with 5 N HCl) and volume 

up to 1.0 L. 

 

2.3.11 Separating buffer (1.5 M Tris HCl , pH 8.8) 
 

 Trizma 36.3 g + 150 mL of H2O then adjusted the pH 8.8 (with HCl) and volume 

up to 200 mL. 

 

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

 

 Trizma 12.1 g + 70 mL of H2O then adjusted the pH 6.8 (with HCl) and volume 

up to 100 mL. 

 

2.3.13 Tank buffer (10 X, pH 8.3) 

 

 Trizma base 15 g + 72 g of glycine + 5 g of SDS in H2O and volume up to 1.0 L. 

 

2.3.14 Gel loading buffer 
 

 Tris HCl buffer 1 mL (pH 6.8) + glycerol 1 mL + SDS (10 %) 0.4 mL + ɓ-

mercaptoethanol 15 ɛL + bromophenol blue dye 0.02 g and then volume made up 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 by Aspergillus niger 

 

3.1.1 Effect of culture media 

 

Effects of various culture media on invertase production by A. niger IBGE 01 

after 24 h, at 30° C, initial pH 6.0, inoculum size 4x10
6 

conidia and agitation rate 50 

rev/min are poltted (Fig.1). The strain was grown on five different culture media i.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 (1.87 U/mL) on culture medium CM1 

containing (g/L) dextrose 10, peptone 5, epsom salt 5, KH2 PO4 5, common salt 2.5, 

ferrous sulphate hepta hydrate 0.01, ZnSO4.7H2O 0.002, MnSO4.H2O 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 production (Dworschack & Wickerham, 1961; Poonawalla et al., 

1965; Herwig et al., 2001; Almeida et al., 2005; Souza et al., 2007). 

 

3.1.2 Effect of incubation time period 

 

Effects of incubation time periods on invertase production by A. niger IBGE 01 

in CM1 at 30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and agitation rate 50 

rev/min are 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 decreased, which may be due to 

denaturing of enzyme or synthesis of inhibiting metabolite (Mamma et al., 2008). 

Incubation time period of 72 h was reported for invertase production by Alternaria  tenuis 

and  Saccharomyces crevisiae (Poonawala. et al., 1965) while 96 h by Aspergillus 

ochraceus (Guimarães et al., 2007). 
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Fig.1. Effects of various culture media on invertase production by Aspergillus niger after 

24 h, at 30° C, initial pH 6.0, inoculum size 4x10
6 
conidia and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Effects of incubation time periods on invertase production by A. niger  in CM1 at 

30° C, initial pH 6.0, inoculum size 4x10
6 
conidia and agitation rate 50 rev/min. 
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3.1.3 Effect of carbon sources  

  

Effects of various carbon sources on invertase production by A. niger IBGE 01 

after 72 h in CM1 at temperature 30°
 
C, initial pH 6.0, inoculum size  4x10

6 
conidia and 

agitation rate 50 rev/min are shown in Fig. 3. In the present work date syrup, molasses, 

sunflower waste, cotton stalk and rice husk have been used as sources of carbon, which were 

(except date syrup and molasses) hydrolyzed by 0.3N and 0.6N of H2SO4. It was observed 

that invertase  activities were lower than control (2.34 U/mL) in case of 0.3N sulphuric acid 

hydrolysed agriculture waste (0.85, 1.12 and 1.48 U/mL for cotton stalk, sunflower waste  

and rice husk respectively) and higher with 0.5 % of date syrup and molasses (2.58 and 

3.06 U/mL respectively). Invertase activities were closer to control, glucose (2.34U/mL) 

when 0.6N 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/mL) and molasses (3.78 U/mL) were used. A number of 

nonconventional carbon sources such as starch, oilcakes, cassava starch, potato, corn and 

tapioca have been also used in submerged fermentation for various enzymes production 

(Krishnan & Chandra, 1982; Sani et al., 1992; Negi & Benerjee, 2006; Sivaramakrishnan 

et al., 2006; Mahdi et al., 2012). 

 

3.1.4 Effect of nitrogen sources 

 

Effects of various nitrogen sources on invertase production by Aspergillus niger 

IBGE 01 after 72 h in CM1 containing molasses as carbon source at 30° C, initial pH 

6.0, inoculum size 4x10
6 

conidia and agitation rate 50 rev/min are poltted (Fig. 4). 

Various nitrogen sources (casein, corn steep liquor, potassium nitrate, albumin, 

ammonium sulphate, urea and yeast extract) were used in the quantity of 0.25 and 0.50 % 

in place of peptone (control having enzyme activity 3.91 U/mL). The strain showed the 

capability of utilizing well all types (except urea) of nitrogen sources but yeast extract 

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 (Egorov et al., 2000). Yeast extract was 

also reported as the best nitrogen source for Candida utilis, Saccharomyces cerevisiae 

(Dworschack & Wickerham, 1961) and Aspergillus ochraceus (Guimarães et 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 (Hussain et. al., 2010). 
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Fig. 3. Effects of various carbon sources on invertase production by A. niger after 72 h in 

CM1 at 30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effects of various nitrogen sources on invertase production by A. niger after 72 h 

in CM1 containing molasses as carbon source at 30° C, initial pH 6.0, inoculum size 

4x10
6 
conidia and agitation rate 50 rev/min. 
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3.1.5 Effect of temperature 

 

The effects of incubation temperatures on invertase production by Aspergillus 

niger IBGE 01 after 72 h in CM1 containing molasses as carbon source, yeast extract 

nitrogen source, at initial pH 6.0, inoculum size 4x10
6 

conidia and agitation rate 50 

rev/min are presented (Fig. 5). The fermentation medium was incubated at a range of 

temperatures 20-70° C. Invertase activity was the highest (5.67 U/mL) at 40° C. Similar 

optimum temperature has been reported for P. lilacinum (Ahmed et al., 2011).  

 

3.1.6 Effect of initial  pH 
 

The effects of initial pH of fermentation medium on invertase production by A. 

niger IBGE 01 after 72 h in CM1 containing molasses as carbon source, yeast extract 

nitrogen source, temperature 40°
 
C, inoculum size 4x10

6 
conidia and agitation rate 50 

rev/min are shown (Fig. 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 Dworschack & Wickerham (1961) for invertase 

production from Saccharomyces cerevisiae. Results also indicate that invertase 

production is appreciable between pH 5-8, which shows its pH stability that is a 

requirement for industrial use of a microorganism (Mamma et al., 2008). 

  

3.1.7 Effect of inoculum size 
 

Effects of inoculum sizes on invertase production by A. niger IBGE 01 after 72 h in 

CM1 containing molasses as carbon source, yeast extract nitrogen source, temperature 40°
 
C, 

at initial pH 6.0 and agitation rate 50 rev/min are presented (Fig. 7). The quantity of 

enzyme produced by a fungus depends upon number of conidia added to the culture 

medium. Flasks were added with 4x10
6
-8x10

6 
conidia and maximum invertase 

activity (7.01 U/mL) was observed when 5x10
6 

conidia were added to the medium. 

Literature survey revealed that researchers have used inoculum sizes on the basis of 

percentage of fermentation media (Dahot, 1986; Guimarães et al., 2007; Mamma et 

al., 2008) but in the present study counted conidia were added to the medium in order 

to generate more accurate results. Large inoculum size causes overgrowth and 

nutritional imbalanced resulting less production of enzyme (Dahot, 1986; Guimarães 

et al., 2007; Mamma et al., 2008). 
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Fig. 5. Effects of incubation temperatures on invertase production by A. niger after 72 h in 

CM1 containing molasses as carbon source, yeast extract nitrogen source, at initial pH 6.0, 

inoculum size 4x10
6 
conidia and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effects of initial pH of fermentation medium on invertase production by A. niger 

after 72 h in CM1 containing molasses as carbon source, yeast extract nitrogen source, 

temperature 40°
 
C, inoculum size 4x10

6 
conidia and agitation rate 50 rev/min. 
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Fig. 7. Effects of inoculum sizes on invertase production by A. niger after 72 h in CM1 

containing molasses as carbon source, yeast extract nitrogen source, at 40° C, initial pH 6.0 

and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Effects of agitation rates on invertase production by A.niger after 72 h in CM1 

containing molasses as carbon source, yeast extract nitrogen source, at 40° C, initial pH 

6.0 and inoculum size 5x10
6
 conidia. 
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Fig. 9. Effects of various culture media on invertase production by A. fumigatus after 24 h, 

at 30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Effects of incubation time periods on invertase production by A. fumigatus in 

CM1 at 30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and agitation rate 50 rev/min. 
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3.1.8 Effect of agitation rate 

 

 The effects of agitation rates on invertase production by A. niger IBGE 01 after 72 h 

in CM1 containing molasses as carbon source, yeast extract nitrogen source, 40°
 
C, at initial 

pH 6.0 and inoculum size 5x10
6
 conidia are exhibited (Fig. 8).  Agitation rate is another 

factor which affects the enzyme production. Agitation of media ensures the homogeneous 

supply of nutrients (Zafar & Aslam, 2013). The fermentation medium was agitated at 50, 

100, 150, 200, 250 and 300 rev/min. Invertase activity was maximum (8.23 U/mL) at 150 

rev /min. Literature survey revealed that researchers reported various agitation rates (100-

200 rev/min) for enzymes production by different microorganisms (Dahot, 1986; 

Quiroga et al., 1995; Hocine et al., 2000; Rubio et al., 2002; Bhatti et al., 2006). 

 

3.1.9 Optimized parameters 

 

Optimal conditions for the production of invertase (8.23 U/mL) by Aspergillus 

niger IBGE 01 were observed when  the strain  was grown on  culture medium  CM1 

containing yeast extract as a source of nitrogen, molasses as a source of carbon after 72 h 

of incubation at 40° C, initial pH 6.0, inoculum size of 5x10
6 
conidia in 50 mL of culture 

medium and agitation rate of 150 rev/min.  

3.2 Optimization of invertase production by Aspergillus  fumigatus  IBGE 02 

 

3.2.1 Effect of culture media 

 

The effects of various culture media on invertase production by A. fumigatus 

IBGE 02 after 24 h, at temperature 30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and 

agitation rate 50 rev/min are given (Fig. 9). The strain was grown on five different 

culture media i.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 U/mL) on 

culture medium CM1 and it was selected for the next study of invertase production. 

3.2.2 Effect of incubation time period 

 

The effects of incubation time periods on invertase production by A. fumigatus 

IBGE 02 in CM1 at temperature 30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and 

agitation rate 50 rev/min are shown in Fig. 10. 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 incubation enzyme activity was decreased, which 

may be due to denaturing of enzyme or synthesis of inhibiting metabolite (Mamma et al., 

2008). Incubation time period of 48 h was also reported for invertase production by 

Aspergillus fumigatus and  Aspergillus flavus (Kulshrestha et al., 2013). 

3.2.3 Effect of carbon sources 

   

The effects of various carbon sources on invertase production by A. fumigatus 

IBGE 02 after 48 h in CM1 at temperature 30° C, initial pH 6.0, inoculum size  4x10
6 

conidia and agitation rate 50 rev/min are exhibited (Fig. 11). It was observed that  

invertase  activities were lower than control (1.67 U/mL) in case of 0.3N sulphuric acid 

hydrolysed agriculture waste (1.31, 1.56  and 1.09 U/mL for cotton stalk, sunflower waste 

and rice husk respectively) and  closer with 0.5 % of molasses and date syrup (1.87 and 

1.58 U/mL respectively). Invertase activities were higher than control, glucose (1.67 U/mL) 

when 0.6N sulphuric acid hydrolysed agriculture waste (2.44, 2.93 and 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 strain. Uma et al. (2010) have reported fruit peel as the appropriate carbon 

source for invertase production by Aspergillus flavus.     

3.2.4 Effect of nitrogen sources 

 

The effects of various nitrogen sources on invertase production by A. fumigatus 

IBGE 02 after 48 h in CM1 containing sunflower waste as carbon source at temperature 

30°
 
C, initial pH 6.0, inoculum size 4x10

6 
conidia and agitation rate 50 rev/min presented 

(Fig. 12). The strain showed the capability of utilizing well all types (except urea) 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 cerevisiae (Dworschack & 

Wickerham, 1961) and Aspergillus ochraceus (Guimarães et 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 (Hussain et al., 2010). 
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Fig. 11. Effects of various carbon sources on invertase production by A. fumigatus after 48 h 

in CM1 at 30°
 
C, initial pH 6.0, inoculum size  4x10

6 
conidia and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Effects of various nitrogen sources on invertase production by A. fumigatus after 

48 h in CM1 containing sunflower waste as carbon source at 30°
 
C, initial pH 6.0, 

inoculum size 4x10
6 
conidia and agitation rate 50 rev/min. 
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Fig. 13. Effects of incubation temperatures on invertase production by A. fumigatus after 

48 h in CM1 containing sunflower waste as carbon source, yeast extract nitrogen source, at 

initial pH 6.0, inoculum size 4x10
6 
conidia and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Effects of initial pH of fermentation medium on invertase production by A. fumigatus 

after 48 h in CM1 containing sunflower waste  as carbon source, yeast extract nitrogen 

source, 30°
 
C, inoculum size 4x10

6 
conidia and agitation rate 50 rev/min. 
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Fig. 15. Effects of inoculum sizes on invertase production by A. fumigatus after 48 h in 

CM1 containing sunflower waste as carbon source, yeast extract nitrogen source, at 30° C, 

initial pH 6.5 and agitation rate 50 rev/min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Effects of agitation rates on nvertase production by A. fumigatus after 48 h in 

CM1 containing sunflower waste as carbon source, yeast extract nitrogen source, at 30°
 
C, 

initial pH 6.5 and inoculum size 6x10
6
 conidia. 




























































































































































