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Abstract: 
The current research deals with isolation, screening and selection of fungal strains for 1,4-alpha-

D-glucan glucohydrolase  production. Forty strains were isolated and selected quantitatively on the 
basis of zone of starch hydrolysis  and further screened quantitatively for 1,4-alpha-D-glucan 
glucohydrolase production in SSF. A strain of A.niger producing 760 U/ml/min of enzyme was selected 
and assigned the code BT-21. Five different media were evaluated for1,4-alpha-D-glucan 
glucohydrolase production by A.niger BT-21. Out of all media, M2 containing wheat bran as a 
substrate along with acetate buffer as a moistening agent resulted in maximum production. The 
influence of other parameters including incubation temperature, pH, incubation time, carbon and 
nitrogen sources was also determined.   The optimal enzyme production was obtained at 30 °C, pH 4 
after 72 h of incubation. Lactose as a carbon source while potassium nitrate and yeast extract as 
nitrogen sources were also optimised. 
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1. Introduction: 
1,4-alpha-D-glucan glucohydrolase (EC 3.2.1.3) has the characteristic property of 

hydrolysing α-1, 4 and α-1, 6 linkages of the starch and it yields glucose by separating 
glucose units from the end of the polysaccharide chain (V. ZAMBARE [1]; P. NAHID & al. 
[2]). 1,4-alpha-D-glucan glucohydrolase (GGH) has a wide variety of applications in baked 
goods, soft drinks, manufacturing of high fructose corn syrup (HFCS) and in paper, 
pharmaceuticals, brewing and textile industries (X.Q. WANG & al. [3]; V. COSTA & al. [4]). 
Production of GGH could be initiated from plant, animal or microbiological sources. The 
production of GGH from the plant source is limited due to various reasons, and meat industry 
by-product is also not a better option for bulk enzyme production. Microbial sources, like 
fungal and bacterial strains, on the other hand prove a feasible option to meet the growing 
market demands. The GGH produced from fungi is more stable than that obtained from 
bacteria. Fungi belong to heterogenous group of organisms and are known for the production 
of starch degrading enzymes (V. ARASARATNAM al. & [5]; ABDULLAH & al. [6]). GGH 
which hydrolyzes starch is an extracellular inducible enzyme from fungi (Aspergilli or its 
other species, like A. flavus or A. niger etc.) which is one of the most widely produced 
enzyme (I.HAQ & al. [7]; A.C. ADAM & al. [8]). Fungal species such as Helminthosporium 
oxysporium, Rhizopus oligosporous, Trichoderma viridi and Penicillium frequentans are also 
used for GGH production (A. Pandey & al.[9]; M.POLAKOVIC &  J. BRYJAK[10]; A. H. 
ADENIRAN & al.[11]). 
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Two types of fermentation processes, i.e. submerged as well as solid state fermentation 
(SSF) can be used for1,4-alpha-D-glucan glucohydrolase production (A. H. ADENIRAN & 
al.[12] ). Due to higher enzyme production and low production cost, SSF gains advantage 
over submerged process (H. SINGH & SONI [13]). The conditions and mechanism of solid-
state fermentation are comparable to the growth of fungi in the natural habitat. Among 
different processes where the fermented medium is used as a direct source of enzyme, SSF is 
a preferred option (R. CASTILHO & al. [14]; T. BERTOLIN & al. [15]). In solid state 
fermentation the water contents are quite low as compared to the submerged fermentation. In 
addition, in SSF the water is bound or complexed with the solid matrix where the oxygen 
supply is more efficient to the microorganisms which are in contact with the higher solid 
surface area (P.V. AIYER [16]). On the other hand, due to free water contents in submerged 
fermentation the transfer of oxygen is limited thus restrict the production capacity 
(K.RAGHAVARAO &  al. [17]). 

Different factors such as strain stability, consistent and regulated enzyme production, time 
for optimum yield and sensitivity towards pH, temperature and oxygen level must be 
considered while selecting the strain for the development of enzymatic process. Suitability of 
fermentation medium decides the productivity of GGH. Oxidation of medium components 
provides the necessary energy for microbial growth (R.NAIR & T.PANDAY [18]; A. 
BLANDINO & al. [19]). Multiple factorsinfluence higher1,4-alpha-D-glucan glucohydrolase 
secretion. Most important of these factors include a selection of substrate, inoculum level, initial 
pH and additional nutrients (S. KUMAR & T. SATYANARAYANA [20]). The best substrate 
considered for the enzyme production based on solid state fermentation, includes agro-industrial 
residues including wheat, maize, sugar cane bagasse, gram as well as rice bran (T.AKIBA & al. 
[21]; I.HAQ & al. [7]). The substrate selection for GGH synthesis in solid-state fermentation is 
the most important step and it depends upon many factors which are basically related to cost of 
the substrate, availability and also involve screening of various agricultural wastes (D. 
ALAZARD & R. MAURICE [22]); A.E.ALESHIN & al. [23]). Temperature, pH of medium 
and inoculum level plays an important role in the production of1,4-alpha-D-glucan 
glucohydrolase.Thepresence of carbon and nitrogen sources in the fermentation medium is 
important for the growth of fungi as well as enzyme production (I.HAQ & al. [24]). The 
medium composition and physical factors directly influence  the growth as well, such as 
secretion of enzyme (R. ABDULLAH & al. [25]). The objective of this research was selection 
of a strain having high amylolytic potential and superior cheap medium forenhanced1,4-alpha-
D-glucan glucohydrolase  production. 

 

2. Materials and methods 
Isolation of organism: Forty different fungal cultures were isolated from different 

sources by serial dilution method (H.E.CLARK & al.[26]). One gram of sample was 
dissolved in 100 ml of sterilized distilled water and diluted up to 105 – 107 times. 
Approximately 0.5 ml of this diluted suspension was poured into the petri plates which 
contained starch agar medium. These plates were placed in an incubator at 30 °C for 3-4 days 
in order to develop culture. The young colonies showing a clear zone of starch hydrolysis 
were separated carefully and transferred to potato dextrose agar slants. The fungal isolates 
were identified  (A. ONION & al. [27]).  These slants were finally incubated at 30 °C in an 
incubator. After 4 days, slants were stored in a refrigerator at 4 °C for culture maintenance.  
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Inoculum preparation: Conidia from 3-4 days old slant cultures were used for inoculation. 
Conidial suspension was prepared in sterilized 0.005 % dioctyl ester of sodium sulpho succinic 
acid (Monoxal O.T). 10 ml of sterilized Monoxal O.T was transferred to each test tube having 
profuse conidial growth on its surface. Conidial clumps were broken using an inoculating needle. 
Homogeneous suspension was prepared by shaking the test tube vigorously. Each ml of the 
suspension contained 3.6 x 107 CFU. These were counted by the help of Haemacytometer. 

 
Solid state fermentation: Solid substrate such as wheat bran 10 g moistened with MSM 

(Minimal Salt Medium) was transferred in each of cotton wool plugged flask. The flasks were 
sterilized using autoclave at 121 °C for 15 minutes. The medium was allowed to cool at room 
temperature. After inoculation the flasks were placedin the incubator at 30 °C. After a specific 
time of incubation, 100 ml of distilled water was transferred to each flask. These flasks were 
placed in incubator shaker at 200 rpm for an hour. The contents of the flasks were filtered and 
filtrate was used for the estimation ofenzyme. All the experiments run in triplicates. 

 
Fermentation media: Following media was tested for the production of1,4-alpha-D-

glucan glucohydrolase  by A .niger BT-21  
M1:  Rice bran 5 g, 10 ml mineral solution containing (mg/l) (NH4)2SO4 4, MgSO4.7H2O 

1, FeSO4.7H2O 0.02, K2HPO4 1.4 and KH2PO4 0.6. 
M2:  Wheat bran 10 g, acetate buffer 10 ml. 
M3: Wheat bran 5 g, 10 ml mineral solution containing (mg/l) (NH4)2SO4 4, 

MgSO4.7H2O 1, FeSO4.7H2O 0.02, K2HPO4 1.4 and KH2PO4 0.6. 
M4:   Wheat bran 5 g, 5 ml distilled water. 
M5: Potato peel 20 g, MSM containing g/l 0.8 NaCl, 0.4 KCl, 0.1 CaCl2, 2.0, Na2HPO4, 

0.2 MgSO4, 0.1 FeSO4, 8.0 Gulcose, 2.0 NH4Cl. 
 
Enzyme Assay: GGH was estimated according to Caldwell method (D. CALDWELL & 

al. [29]).  The enzyme activity was determined by incubating 1 ml of enzyme sample with 1.0 
ml of 5 % Litner ‚s soluble starch solution at 60 °C for 1 hour. The reducing sugar was 
measured at 546nm according to the DNS method of Miller (G.L. MILLLER [30]). The 
amount of enzyme which liberates a 1mg/h of glucose from 5% lintner soluble starch is called 
one unit of enzyme activity. 

 
Statistical analysis: All data were subjected to statistical analysis for determination of 

significance at the level of (p≤0.05) using SPSS version15. 
 

Results and Discussion: 
The selection of strains included isolation, identification and screening process which are 

the main steps for 1,4-alpha-D-glucan glucohydrolase production. Forty different fungal 
cultures for biosynthesis of GGH  were isolated from various soil samples as well as from other 
sources using serial dilution method (H.E.CLARK & al. [26]) on the plates having starch agar 
medium. These isolates were identified according to the onion method  (A.ONION &  al. [27]). 
The primary screening of fungal strains was carried out on the basis of starch hydrolysis zone 
and solid state fermentation was used for secondary screening for GGH  production. Among all 
tested isolates optimum production of GGH was obtained by isolate no. 21 (Table 1). This 
isolate was assigned the code A. niger BT-21 and was used for further studies. 
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Table 1:   Isolation and screening of fungal strains for 1,4-alpha-D-glucan glucohydrolase  production 
 

Str. No. Isolate code  GGH activity (U/ml/min) 

1 A. flavus BT-1 600.33 ± 1.51 
2 A. oryzae BT-2 680.00 ± 1.00 
3 A. flavus BT-3 606.33 ± 1.13 
4 T. viride BT-4 485.33 ± 2.04 
5 A. oryzae BT-5 668.66 ± 1.51 
6 T.viride BT-6 489.33 ± 1.05 
7 A. flavus BT-7 618.33 ± 1.52 
8 R. oligosporous BT-8 516.00 ± 2.00 
9 A. niger BT-9 700.00 ± 1.00 

10 A. flavus BT-10 600.66 ± 1.57 
11 R. sp.BT-11 534.33 ± 1.53 
12 T. viride BT-12 486.3 ± 1.54 
13 A. oryzae BT-13 682.00 ± 2.00 
14 A. niger BT-14 698.66 ± 1.51 
15 R. sp.BT-15 568.32 ± 2.01 
16 A. flavus BT-16 580.00 ± 2.00 
17 R. oligosporus BT-17 566.33 ± 1.32 
18 T. viride BT-18 501.33 ± 1.46 
19 A. oryzae BT-19 684.66 ± 1.24 
20 T. viride BT-20 499.66 ± 2.04 
21 A. niger BT-21 706.33 ± 1.13 
22 A. flavus BT-22 583.66 ± 1.78 
23 R. sp.BT-23 581.33 ± 1.56 
24 A. flavusBT-24 579.00 ± 1.47 
25 A. oryzaeBT-25 672.33 ± 2.06 
26 T. viride BT-26 490.33 ± 1.34 
27 A. niger BT-27 701.66 ± 1.23 
28 R. oligosporousBT-28 558.33 ± 1.89 
29 T. viride BT-29 500.33 ± 1.64 
30 F. sp.BT-30 594.66 ± 2.03 
31 A. nigerBT-31 699.00 ± 2.00 
32 A.flavusBT-32 547.66 ± 1.21 
33 F. sp.BT-33 599.66 ± 2.02 
34 A. nigerBT-34 493.33 ± 1.48 
35 A. nigerBT-35 603.66 ± 2.01 
36 A.flavusBT-36 546.66 ± 1.26 
37 A. oryzae BT-37 660.00 ± 1.78 
38 A. niger BT-38 701.00 ± 1.27 
39 T. viride BT-39 494.33 ± 2.00 
40 A.niger BT-40 575.00 ± 1.97 

 
The mean difference is significant at the level of 0.05; ± indicates the standard deviation 

(SD) among the three parallel replicates in each column. 
Time of incubation 72 h, incubation temperature 30°C,  pH 6. 
Suitable fermentation media plays a very critical role in the enhanced production of1,4-

alpha-D-glucan glucohydrolase  because the composition of media directly influences the 
growth of the organism as well as enzyme production.  In the present study five different media 
were evaluated for the production of GGH  by A. Niger BT-21, out of which M2 medium was 
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Conclusions 
Aspergillus niger BT-21 was identified as hyper producer of GGH  and wheat bran 

proved to be the best substrate for GGH production. The GGH has a promising potential for 
converting the agricultural by products specially wheat bran in GGH and reducing the cost of 
production by rendering the process more economical. 
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