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Abstract: Aspergillus is filamentous achlorophyllus fungi and was isolated from agriculture crop fields of Mandsaur 

then identified by microscopic method using cotton blue and lacto phenol. Biomass and metabolites i.e. protein and 

enzyme were produced by Aspergillus under submerge fermentation technology during various incubations. After 

observation it was found that maximum biomass, protein and invertase was shown as 1.10gm, 4.575mg/ml and 

21.80μg/ml after 10 and two days incubation time respectively by Aspergillus spp. These metabolites were estimated 

using standard protocols. 
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INTRODUCTION 

Generally fungi are filamentous non- 

photosynthetic organism and nutritionally multiplied on 

dead organic materials or living cells as saprophyte or 

parasite.  In growth phase, fungi produced their primary 

and secondary metabolites and available in their growth 

medium [9]. Protein is a nitrogenous compound and 

made up of 20 different amino acids. All living 

organisms required protein for their growth. Generally 

fermentation technology was used for commercial 

protein production using many microorganisms 

including fungi, yeasts, bacteria and actinomycetes. 

Proteins are nitrogen or amino acid supplements and 

most of the enzymes are made of proteins. Besides 

energy source, protein required for fungi, bacteria, 

actinomycetes and other unicellular and multicellular 

cells for their membrane and enzyme synthesis [10].  

 

Filamentous fungi have been widely used in 

the fermentation industry as it becomes a principal 

source of protein, enzymes and other metabolites. 

Therefore, fungi have been widely investigated by 

various researchers due to low cost and high 

productivity which attracted many other researchers to 

improve fungal strains by molecular techniques and 

also bioprocess [5, 16]. 

 

Many cells membrane made of lipoprotein, 

glycoprotein and other compounds where protein 

associated with them. Therefore, proteins are produced 

by fermentation technology and used in a lot of 

industries such chemical, detergent and food as nutrient 

supplements for human diet [24, 31].  

 

Invertase catalyze the hydrolysis of sucrose to 

produce an equimolar mixture of d-glucose and d-

fructose at concentrations lower than 10% sucrose, thus 

making these enzymes suitable for biotechnological 

applications [40]. Invertases (EC.3.2.1.26) are members 

of glycoside hydrolases family [1] and have numerous 

beneficial favorable functional properties [17]. 

 

The maximum rate of invertase enzyme 

production in presence of sucrose by A. niger during 

submerged culture condition was found as 3.67 U/L/h at 

12.5 g/L while in the case of glucose-sucrose mixture; it 

was 13.95 U/L/h at 25 g/L. It was observed that the 

enzyme yield was 1.25 times more in presence of 

sucrose than with combined action of glucose-sucrose 

[38]. 

 

Invertases have been characterized in many 

filamentous fungi such as Penicillium, Neurospora and 

Aspergillus spp. [4, 19-20, 36]. The enzymatic activity 

of invertase has been characterized in other 

microorganisms i.e. Thermomyces lanuginosus [8], 

Candida utilis [7], Penicillium chrisogenum [33], 

Saccharomyces cerevisiae and S. carlsbergensis [21, 

23].  Saccharomyces cerevisiae synthesizes two 

invertases i.e. a glycosilated periplasmic protein and a 

cytosolic non glycosilated protein [37, 46].  

 

Dworschack and Wickerham [14] 

demonstrated that extracellular invertase was also 

produced by yeast and some physiological factors 

influence the production of extracellular and 

intracellular invertase by Saccharomyces uvarum. 

Invertase production by P. chrysogenum in penicillin 

fermentation broth was studied by Damle et al. [11] and 

reported that invertase produced extracellularly.  

 

Elorza et al. [15], Trimble and Maley [43] 

reported that Saccharomyces cerevisiae-136 produced 

external invertase in culture filtrate supplemented with 
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50% sucrose and maltose. Olutiola and Cole [34] 

described that an extracellular invertase production in 

Aspergillus flavus induced by sucrose containing liquid 

medium. The biosynthesis of invertase was repressed 

when repressive hexose sugars (glucose or fructose) 

were added to sucrose metabolizing cells. 

 

Vainstein and Peberdy [45] investigated that 

Aspergillus nidulans produced an extracellular invertase 

when cultured on a medium containing sucrose or 

raffinose and was found maximal on medium 

containing sucrose after 15 hrs of incubation at 28°C. 

The amount of invertase in the culture medium was 

declined after this incubation time.  

Rubio and Maldonado [39] studied that invertase 

produced by Aspergillus niger strain showed the 

maximum enzyme activity at 60°C temperature and pH 

5.0. Medium containing glucose (0.1 M), fructose (0.5 

M) and sucrose (1.2 M) as compared to that with only 

sucrose (1.8 M) solutions produced 3-fold more 

oligosaccharides at pH 7.5 [42]. 

 

Herwig et al. [21] reported that S. cerevisiae 

invertase as hydrolyzing capacity of sucrose and was 

controlled by the presence of hexoses such as glucose 

and fructose in medium. Commercially, invertase is 

produced on large scale primarily by using submerged 

fermentation. The well-known methods for production 

of invertase are submerged and solid state fermentation 

[19-20, 37]. The conventional method for the 

production of invert sugar involves acid hydrolysis of 

sucrose and has low conversion efficiency, high energy 

consumption and thus high cost of production due to 

acid hydrolysis whereas microbial invertase splits 

sucrose into glucose and fructose (sugar syrup) with 

100% conversion efficiency [28]. 

 

The product obtained by invertase has the 

advantage of being colorless as compared to that 

obtained through acid hydrolysis [3, 6, 12, 27]. Kotwal 

and Shankar [26] studied the importance of invertase 

for the sucrose hydrolysis that yielded an equimolar 

mixture of glucose and fructose called as inverted 

syrup, also commonly used in beverage and food 

industries. Robledo-Olivo et al. [38] studied invertase 

production by Aspergillus niger in submerged culture 

using different concentrations of glucose and sucrose 

and found that the initial concentration of sucrose was 

increased from 6.25 to 50 g/L then a higher biomass 

production (6.1 g/L) was achieved. The biomass 

production was increased four times more when a 

glucose-sucrose combination was used as substrate 

(26.31 g/L).  

 

Uma et al. [44] produced high levels of 

invertase in A. flavus under optimized culture 

conditions on fourth day of incubation at an optimum 

pH (5.0), temperature (30
о
C), and inoculums size (3%) 

in Czapek Dox medium using fruit peel waste as a 

substrate by submerged fermentation and also obtained 

improved enzyme when nutritional factors such as 

sucrose and yeast extract were added into the medium. 

 

Invertase is extensively used in 

confectionaries, food industries and in pharmaceuticals 

[4].  Invertase is used for the inversion of sucrose in the 

preparation of invert sugar and syrup. It is one of the 

most widely used enzymes in food industry where 

fructose is preferred than sucrose especially in the 

preparation of jams and candies, because it is sweeter 

and does not crystallize easily [2].  The objectives of 

the present study are to produce fungal biomass, total 

protein and invertase enzyme during various 

incubations using sucrose and evaluated by standard 

protocols. 

 

MATERIAL AND METHODS 

Soil sample collection 
Five to six soil samples were collected from 

agricultural crop fields around Ratlam (23.32ºN and 

75.07ºE Longitude) in Malwa region, Madhya Pradesh, 

India and were mix to form one composite sample. Soil 

sample was crushed using Mortar and Pestle to clean by 

removing rocks particles and plant debris. 

 

Isolation of fungi 
 Fungi were isolated from soil by serial 

dilution technique [13, 22] using 10 gm soil and were 

dissolved in 0.85% saline water in Erlenmeyer conical 

flask (500 ml capacity) having 95 ml saline water and 

beads then mix properly by shaking, mark as 10
-1  

 

dilution. Obtain 10
-3

 dilution by serially transferred 10 

ml soil sample from 10
-1 

dilution to conical flasks 

having 90 ml saline water. 0.1ml sample was 

transferred from 10
-3 

dilution to sterilize Petri dish and 

poured melted Potato dextrose agar (PDA  medium.  

 late was sha ing gently to mix sample and medium 

then left at room temperature to solidify medium. The 

solidified plate was incubated at 30    for   days.  fter 

that plate was used for observation.  

 

After incubation period, few spores were taken 

by wire loop and streaked on PDA medium plate by 

zigzag method and incubated at 30°C for 5 day. 

Colonies were observed by light microscope using 10 

and 40X objective lens. Pure colonies were transferred 

to PDA plate and used for identification (Fig.- 1). 

 

Identification of fungi 

After purification prepared microscopic slide 

for each pure culture. Fungal culture was taken from 

colony by forceps on clean glass slide and separated by 

needles. Culture was stain with Cotton blue and lacto 

phenol and covered with glass cover slip then observed 

in light microscope using low power (10X) and high 

power (40X) objective lens. Morphological 

characteristics of fungal culture were identified using 

laboratory manual for introductory mycology [18, 35, 

41]. After purification and identification spores of pure 

colonies was transferred to PDA slant and incubate at 
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30ºC for 5 days then stored in refrigerator at 4ºC for 3-6 

month. 

 

Spore count 

Sterilized water (5.0 ml) was introduced to 

culture slant and scraped by nichrome wire loop then 

0.1ml spore suspension was used to count spore using 

heamocytometer. 

 

Biomass production  

Spores of Aspergillus spp. (1 ml) were 

transferred to steam sterilized production medium 

(Table- 1) and incubated at 30ºC for 2, 4, 6, 8 and 10 

days under submerged condition.  

 

Estimation of dry biomass 

After incubation period, biomass was 

harvested by filtration method using Whatman No. 1 

filter paper and dried in hot air oven at 60ºC for 24 hrs 

then weigh using electronic balance (Fig.- 2).  

 

Protein production  

Poured 5 ml sterilized water in culture tube 

and then spores were scraped by using nichrome wire 

loop. One milliliter spore suspension was transferred to 

five Erlenmeyer conical flasks having 100 ml 

production medium (Table- 1) and incubated at 30ºC 

for 2, 4, 6, 8 and 10 days under submerged condition for 

fermentation. After incubation time, culture filtrate was 

obtained by filtration using Whatman No. 1 filter paper 

and stored in refrigerator fro protein and enzyme 

estimation (Fig.- 3). 

 

Estimation of total protein by Lowry method 

Lowry reagent C mixes with 0.2ml of culture 

filtrate in glass test tubes [42]. The tubes were 

incubated at 37ºC for 20 min in water bath then cooled 

and added and 0.2 ml Folin phenol. The tubes were 

again incubated at room temperature for 30 min and 

recorded color density at 660 nm by Spectrophotometer. 

The absorbance difference was calculated using 

standard curve of protein (BSA 1 mg /ml). 

 

Enzyme production 
Spores of selected fungi i.e. Aspergillus spp. 

were transferred to PDA slants and incubated at 30ºC 

for five days. Five milliliter distilled water was 

introduced to culture slant and scraped by wire loop. 

One milliliter spore suspension was transferred to five 

Erlenmeyer conical flasks having 100 ml production 

medium (Table- 1) and incubated at 30ºC for 2, 4, 6, 8 

and 10 days under submerged condition for 

fermentation. After incubation time, culture filtrate was 

obtained by filtration using Whatman No. 1 filter paper 

and stored in refrigerator for enzyme estimation. 

 

Enzyme estimation by DNS method 
Enzyme activity was assayed using sucrose as 

substrate [25]. The assay was performed on the basis of 

red brown color produced by DNS reagent [30]. In this 

assay, 1 ml of 2 mM sucrose solution in 0.05 mM 

sodium acetate buffer of pH 5 was taken in glass test 

tube and added 0.5 ml culture filtrate then mixed by 

using cyclomixer. All test tubes with reaction mixer 

were incubated in water bath at 30ºC for 15min then 

added 2 ml DNS reagent (DNS- 10 g Phenol- 2 g 

Sodium succinate- 0.5 g, sodium hydroxide- 10 g and 

Distilled water- 1 L) to stopped enzyme - substrate 

reaction and again incubated for 20 min at boiling water 

bath to developed red brown color. All test tubes were 

takeout from water bath and cooled then added 1 ml of 

1.0% Rochella salt (Sodium potassium tartrate- 10 g 

and Distilled water- 1 L). All test tubes were left at 

room temperature for 20 min to stabilized red brown 

color. Color density was recorded by spectrophotometer 

at 550 nm using spectrophotometer and compared with 

standard curve of glucose (1 mg/ml). 

 

RESULTS AND DISCUSSION 

The biomass, protein and invertase estimation 

of various incubation extract was evaluated using 

standard protocols and have found following 

estimations given in Table- 2 to 4.  

 

Results obtained to evaluate total dry biomass 

are shown in Table- 2 and Fig.- 4 that dry weight of 

biomass was increased from 0.45 to 1.10 g with 

incubation time.  Further Table 2 shows that 0.45 and 

0.80 g biomass produced after 2 and 4 days incubation 

time and was increased expontially as 1.10 gm after 10 

days incubation period. Figure 4 reveals that fungal 

hyphae utilized nutrient then produced more biomass 

but after 6 days biomass production was slowly due to 

late growth phase. The above results for biomass 

production were supported by [38] that reported higher 

biomass production of fungi with sucrose used as 

carbon source. 

It is evident from Table 3 and Fig.- 5 that 4.575 

mg/ml protein was produced by Aspergillus spp. after 2 

days and also 1.11 mg/ml protein was recorded after 8 

days incubation time. Further Table 3 indicates that 

fungi produced extracellular protein that used for their 

building blocks. Hence, the amount of protein was 

decreased 1.850, 1.0 and 0.905 mg/ml after 4, 6 and 10 

days incubation periods respectively. Figure 5 shows 

that initially amount of protein was produced maximum 

then decreased because fungal mycelium production 

utilized these produced protein. Therefore, amount of 

protein was decreased after 4 to 6 days. After 8 days 

incubation time, protein amount was increased slightly 

then again decreased as same. The proteins are 

nitrogenous compounds and helps in synthesis of 

enzymes as well as energy source for living organisms. 

These observations are supported by Finkelstein and 

Ball [16], Moreira et al. [31], Banerjee et al. [5] and 

Karthiresan and Manivannan [24] which were reported 

that fungi have been used for their metabolite 

production.     
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Table- 4 and Fig.- 6 reveals that maximum 

enzyme activity was occurred after 2 days while shows 

minimum after 4, 6 and 10 days incubation periods. 

Further Table 4 indicates that Aspergillus spp. invertase 

production was obtained maximum on the basis of their 

assay after 48 hrs (21.83µg/ml) and also found 

minimum after 4 days incubation time. The amount of 

invertase in culture filtrate was slightly increased after 4 

and 6 days incubation time. Initially sucrose was 

present in medium, function as inducer. Hence, amount 

of invertase was increase up to maximum but after 

growth of fungi on medium sucrose was metabolize 

then produced monosaccharide as glucose and fructose 

which play a role as inhibiter. Therefore concentration 

of invertase was decreased. These monosaccharides 

were utilized by fungi then again remaining sucrose was 

metabolizing so that invertase concentration was 

increased after 8 days incubation time.  

 

These results are supported by Elorza et al. [15], 

Trimble and Maley [43], Olutiola and Cole [34], 

Vainstein and Peberdy [45] reported that fungi 

produced extracellular invertase by supplemented with 

sucrose. Rashad et al. [37] and Guimaraes et al. [19-20] 

also observed that invertase production was occurred in 

submerged condition at 30°C temperature and pH 5.0 

after 4 days incubation time [44]. 

 

Table- 1 Composition of production medium. 

 

S. No. Ingredients Quantity  

(gm/L) 

1 Sucrose   20  

2 Yeast extracts                                                              10  

3 Ammonium sulphate                                                     1 

4 Magnesium sulphate                                                     0.75  

5 Potassium dihydrogen 

phosphate                                                                                                            

3.5   

6 pH     5.0 

 

 
 Figure- 1 (A): Aspergillus spp. culture on agar slant  

 
Figure- 1(B): Aspergillus spp. culture on agar plate  

 

 
Figure- 2: Total dry biomass of Aspergillus spp. in 

varying incubation time (2 to 10 days). 

 

 
Figure- 3 (A): Production media 

 

 
Figure-3(B): Growth of Aspergillus spp. in 

production media 
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Table- 2 Estimation of total dry weight of biomass of Aspergillus spp. 

 

S. No. Incubation days Dry biomass (gm) 

1 2 0.45 

2 4 0.80 

3 6 1.00 

4 8 1.02 

5 10 1.10 

 

Table- 3 Total protein estimation from culture filtrates of Aspergillus spp. 

 

S. No. Incubation 

days 

Total 

protein(mg/ml) 

1 2 4.575 

2 4 1.850 

3 6 1.000 

4 8 1.110 

5 10 0.905 

 

Table- 4 Enzyme activity in culture filtrates of Aspergillus spp. 

 

S. No. Incubation days Enzyme activity 

(µg/ml) 

1 2 21.80 

2 4 19.65 

3 6 19.92 

4 8 20.30 

5 10 19.76 

 

 
Figure- 4: Total dry biomass estimation of Aspergillus spp. 
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Figure- 5: Total protein estimation from culture filtrates of Aspergillus spp. 

 
Figure- 6: Invertase estimation from culture filtrates of Aspergillus spp. 

 

CONCLUSION 

By evaluating it was found that Aspergillus spp. 

metabolites were produced maximally at 30ºC 

temperature and pH 5 after two day incubation times. 

These metabolites can be used in food and chemical 

industries for human diet and also preparation of 

glucose crystals and syrup as energy source. 

 

REFERENCES 
1. Alberto F, Bignon, C, Sulzenbacher, G, 

Henrissat, B and Czjzek, M; The three 

dimensional structure of invertase (a-

fructosidase) from Thermotoga maritime 

reveals a bimodular arrangement and an 

evolutionary relationship between retaining 

and inverting glycosidases. Journal of 

Biological Chemistry, 2004; 279: 18903-

18910. 

2. Aranda C, Robledo, A, Loera, O, Contreras-

Esquivel, JC, Rodrigues, R and Aguilar, CN; 

Fungal invertase expression in solid-state 

fermentation. Food Technol. Biotechnol., 

2006; 44(2): 229–233. 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Total protein(mg/ml)

2 4 6 8 10

Incubation days

Protein estimation

Total protein(mg/ml)

18.5

19

19.5

20

20.5

21

21.5

22

Invertase activity 

(µg/ml)

2 4 6 8 10

Incubation days

Invertase estimation 

Enzyme activity (µg/ml)



Chouhan PK et al., Sch. Acad. J. Biosci., 2013; 1(6):297-304 

 

    303 

 

 

3. Arica MY, Senel, S, Alaeddinoglu, NG, Patir, 

S and Denizli, A; Invertase immobilized on 

spacer-arm attached poly (hydroxyethyl 

methacrylate) membrane: preparation and 

properties. J. Appl. Polymer Sci., 2000; 75: 

1685–1692. 

4. Ashok kumar B, Kayalvizhi, N and 

Gunasekaran, P; Optimization of media for a-

fructofuranosidase production by Aspergillus 

niger in submerged and solid state 

fermentation. Process Biochemistry, 2001; 37: 

331-338.  

5. Banerjee AC, Kundu, A and Ghosh, SK; 

Genetic manipulation of filamentous fungi. In: 

Roussos S, editor. New horizons in 

biotechnology. Dordrecht (Neth) Kluwer 

Academic Publishers, 2003; 193- 198. 

6. Bayramoglu G, Akgol, S, Bulut, A, Denizli, A 

and Arica, MY; Covalent immobilization of 

invertase onto a reactive film composed of 2-

hydroxyethyl methacrylate and 

glycidylmethacrylate: properties and 

application in a continuous flow system. 

Biochem. Eng. J., 2003; 14: 117–126. 

7. Belcarz A, Ginalska, G and LobarzewskiJ, PC; 

The novel non-glycosylated invertase from 

Candida utilis (the properties and the 

conditions of production and purification). 

Biochim. Biophys. Acta., 2002; 1594: 40–53. 

8. Chaudhuri A and Maheswari, R; A noverl 

invertase from a thermophilic fungus 

Thermomyces lanuginosus: it requirement of 

tilo and protein for activation. Arch. Biochem. 

Biophys., 1996; 327: 98-106. 

9. Chouhan PK and Das, P; Fungal protein 

production by small scale fermentation 

technology using Aspergillus niger. Glob. J. of 

Res. on Medicinal Plants & Indige. Medi., 

2013; 2(1): 642- 647. 

10. Chouhan PK, Verma, P, Sharma, M and Mali, 

K; Comparative study of amylase production 

by small scale fermentation technology under 

laboratory conditions using Aspergillus niger.  

J. of Bioprocess Techno. Photon, 2013; 98: 

260-265. 

11. Damle SP, Singh, K and Ghosh, D; Studies on 

soluble enzymes in penicillin fermentation 

broth. II. Invertase activity. Antibiotics 

Symposium, CSIR, New Delhi, 1958; 137-

144. 

12. Danisman T, Tan, S, Kacar, Y and Ergene, A; 

Covalent immobilization of invertase on 

microporous pHEMA–GMA membrane. Food 

Chem., 2004;85: 461–6. 

13. Durowade KA, Kolawole, OM, UddinII, RO 

and Enonbun, KI; Isolation of ascomycetes 

fungi a tertiary institutions campus soil. 

Journal of Applied Science and Environment 

Management, 2009;12(4): 57-61. 

14. Dworschack RG and Wickerham, LJ; 

Production of extracellular invertase by the 

yeast, Saccharomyces uvarum NRRLY Y-972. 

Arch. Biochem. Biophys., 1958; 76: 449-456. 

15. Elorza MV, Villanueva, JR and Sentadreu, R; 

The mechanism of catabolite inhibition of 

invertase by glucose in Saccharomyces 

cerevisiae. Biochem. Biophys. Acta., 1977; 

475 (1): 103-112. 

16. Finkelstein DB and Ball, C; Biotechnology of 

filamentous fungi. Boston Butterworth-

Heinemann, 1992; 221- 416. 

17. Gill PK, Manhas, RK and Singh, P; 

Purification and properties of a heat-stable 

exoinulinase isoform from Aspergillus 

fumigatus. Bioresource Technology, 2006; 97: 

894-902. 

18. Gilman, JC; A manual of soil fungi, Revised 

2nd edition, Oxford and IBH publishing Co., 

1944. 

19. Guimaraes LHS, Somera, AF, Terenzi, HF, 

Polizeli, ML and Jorge, JA; Production of 

fructofuranosidase by Aspergillus niveus using 

agroindustrial residues as carbon sources: 

Characterization of an intracellular enzyme 

accumulated in the presence of glucose. 

Process Biochem., 2009; 44: 237-241. 

20. Guimaraes LHS, Terenzi, HF, Polizeli, MLT 

and Jorge, JA; Production and characterization 

of a thermostable extracellular ß-

dfructofuranosidase produced by Aspergillus 

ochraceus with agroindustrial residues as 

carbon sources. Enzym. Microb. Technol., 

2007; 42: 52–7. 

21. Herwig C, Doerries, C, Marison, I and Von 

Stockar, U; Quantitative analysis of the 

regulation scheme of invertase expression in 

Saccharomyces cerevisiae. Biotechnol. 

Bioeng., 2001; 75: 247-58. 

22. Ishaq F and Khan, A; Isolation, identification 

and comparative study of fungal and bacterial 

strains found in organic and inorganic soils of 

different agricultural fields. Recent Research 

in Science and Technology, 2011;3(11): 30-36. 

23. Jon KM and Linda, L; Organic acid production 

by filamentous fungi, Advances in Fungal 

Biotechnology for Industry, Agriculture and 

Medicine. Jan and Lene Lange, Kluwer 

Academic/Plenum Publishers, 2007, 307-339. 

24. Kathiresan K and Manivannan, S; α-Amylases 

production by Penicillium fellutanum isolated 

from mangrove rhizoshere soil. Afr. J. 

Biotechnol., 2006; 5 (10): 829- 832. 

25. Keleke S, Agbor, E, Brauman, A and Griffon, 

D; Origine de I’ activite amylasique dans la 

fementation lactique des racines du manioc. In 

Agbor E et al. (eds) Transformation 

alimentaire du manioc. Orstom, Paris, 1998; 

319- 28. 



Chouhan PK et al., Sch. Acad. J. Biosci., 2013; 1(6):297-304 

 

    304 

 

 

26. Kotwal SM and Shankar, V; Immobilized 

Invertase. Biotechnol. Adv., 2009;27: 311-322. 

27. Kotzelski J and Staude, E; Kinetics of bonded 

invertase: asymmetric polysulfone membranes. 

J. Mem. Sci., 1996; 114: 201–14. 

28. Kumar S, Chauhan, VS and Nahar, P; 

Invertase embedded-PVC tubing as a flow 

through reactor aimed at conversion of sucrose 

into inverted sugar. Enzym. Microb. Technol., 

2008; 43: 517–22. 

29. Lowry OH, Rosebrough, NJ, Farr, AL and 

Randal, RJ; Protein measurement with the 

folin phenol reagent. Journal of Biological 

Chemistry, 1951; 193: 265-275. 

30. Miller, GL; Use of Dinitrosalicylic acid 

reagent for determination of reducing sugar, 

Analytical Chemistry, 1959; 31: 426-429. 

31. Moreira FG, Lenartovicz, V, De Souza, CGM, 

Ramos, E  and  eralta, RM; The use of α-

methyl-D-glucoside, a synthetic analogue of 

maltose, as inducer of amylase by Aspergillus 

sp. In solid- state and submerged fermentation. 

Braz. J. Microbiol., 2001; 32: 15- 19. 

32. Nguyen QD, Rezessy-Szabo, JM, Bhat, MK 

and Hoschke, A; Purification and some 

properties of afructofuranosidase from 

Aspergillus niger IMI303386. Process 

Biochemistry, 2005; 40: 2461-2466. 

33. Nuero OM and Reyes, F; Enzymes for animal 

feeding from Penicillium chrysogenum 

mycelial wastes from penicillum manufacture.  

Lett. Appl. Microbiol., 2002; 34: 413-6. 

34. Olutiola PO and Cole, OO; Plant Physiology, 

1980; 50: 26-31. 

35. Onion, AHS, Allsop, D and Eggins, HOW; 

Smiths Introduction to Industrial Mycology 

(7
th

 Ed.) Edward- Arnold Publishers Ltd. 

London, 1981. 

36. Poonawalla FM, Patel, KL and Iyengar, MR; 

Invertase production by Penicillium 

chrysogenum and other fungi in submerged 

fermentation. J. Appl. Environmental  

Microbiology, 1965; 13: 749-754. 

37. Rashad MM, Mahmoud, AEE, Desouky, MA 

and Nooman, MU; Purification and 

characterization of extra and intracellular β-

fructofuranosidase from Saccharomyces 

cerevisiae growing on Eichhorniacrassipes leaf 

extract. Deutsche Lebensmittel Rundschau, 

2006; 102: 157–166. 

38. Robledo-Olivo A, Contreras-Esquivel Juan, C, 

Rodriguez, R and Cristobal, NA; Induction and 

repression kinetics of fungal beta-

fructofuranosidase in submerged culture. Int. J. 

Food Eng., 2009; 5(2): 1224. 

39. Rubio MC and Maldonado, C; Purification and 

characterization of invertase from Aspergillus 

niger. Current Microbiology, 1995; 31: 80-83. 

40. Rubio MC, Runco, R and Navarro, AR; 

Phytochemistry, 2002; 61: 605-609. 

41. Smith JE, Berry, DR and Kristiansen, B; 

Filamentous fungi Vol. IV, Fungal 

Technology. Edward Arnold London, 1983.  

42. Somiari RI and Bielecki, S; Effect of fructose 

and glucose supplementation on invertase- 

mediated synthesis of oligosaccharised from 

sucrose. Bitechnol. Lett., 1995; 17(2): 519- 

521. 

43. Trimble RB and Maley, F; J. Biol. Chem., 

1977; 252: 4409-4412. 

44. Uma C, Gomathi, D, Muthulakhmi, C and 

Gopalakrishnan, VK; Production, purification 

and characterization of invertase by 

Aspergillus flavus using fruit peel waste as 

substrate. Adv. Biol. Res., 2010; 4(1): 31-36. 

45. Vainstein MH and Peberdy, JF; Regulation of 

invertase in Aspergillus nidulans: effect of 

different carbonsources. J. Gen. Microbiol., 

1991;137: 315- 321. 

46. Vitolo M, Duranti, MA and Pellegrim, MB;. 

Effect of pH, aeration and sucrose feeding on 

invertase activity of intact Saccharomyces 

cerevisiae cells grown in sugarcane black strap 

molasses. J. Ind. Microbiol., 1995; 15:75–79. 

 

 


