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Introduction. Two of the most used cultures 
in biotechnology are submerged and solid 
state culture. Submerged culture is more 
often used in the industry, in spite the 
advantages that have been reported for the 
solid state culture

1
. To the moment, there are 

no known reasons for the differences 
between these two cultures. 
Glucoamylase production is carried out by 
these two cultures is (EC 3.2.1.3.). This 
enzyme hydrolyses starch by attacking both 
α-1,4 and α-1,6 glucosidic linkages from the 
non-reducing end of the molecule

3
. Its main 

application is in the production of high-
glucose syrups from starch

2,4
. 

The objective of this work was to compare the 
production of glucoamylase in submerged 
and solid state culture as a model to try to 
understand the differences between these 
two cultures. 
 
Methods.  The fungi used was Aspergillus 
niger 10. Submerged cultures were carried 
out in 250 mL Erlenmeyer flasks with 50 mL 
of sterile medium

3
 with soluble starch as 

carbon source inoculated with 1x10
6
 

spores/mL. Crude extract was obtained 
filtrating with Whatman paper No. 41. Solid 
state cultures were carried out in 125 mL 
Erlenmeyer flasks with 3 g of perlite and 4.5 
mL of sterile medium

3
 with soluble starch as 

carbon source inoculated with 1x10
7
 

spores/mL. For this culture crude extract was 
obtained adding 25 mL of water and agitating 
200 rpm in a rotary shaker, afterwards the 
extract was filtrated with Whatman paper No. 
41. 
Glucoamylase activity was measured using 
maltose as substrate

4
. Protein concentration 

was determined with BioRad DC Protein 
Assay.  
 
Results.  
Submerged and solid state cultures were 
carried out using a defined medium with 
starch as carbon source to produce 
glucoamylase by Aspergillus niger  10.  
Glucoamylase activity was determined for the 
last two days of culture with the highest 
values of protein (Table 1). As expected, 
there was more activity per mL of medium in 

solid state culture. The highest value of 
glucoamylase activity, 1.8 U/mL medium, 
obtained in solid state culture was three times 
higher than the value obtained in submerged 
culture. This behavior has been observed in 
comparing these two cultures in the 
production of other enzymes like tannases

1
.  

 
Table 1. Glucoamylase production in submerged and 

solid state culture by Aspergillus niger 10.    

Time 
(days) 

Glucoamylase activity (U/mL medium) 

Solid state culture Submerged culture 

3 0.5 ± 0.04 0.02 ± 0.05 

4 1.8 ± 0.3 0.06 ± 0.05 

 
Fig. 1 shows that extracellular protein 
concentration in SSF is higher than in 
submerged culture.  
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.1 Protein production in submerged (■) and solid state 
(●) culture by Aspergillus niger 10.  

 
Conclusions. The protein and glucoamylase 
activity values produced per mL of medium in 
solid state culture were higher than those 
obtained in submerged culture in the same 
conditions.  
 

Acknowledgements. G.C.S thanks 
CONACYT (Scholarship No. 234626). 
 

References.  
1. Aguilar C., Augur C., Favela-Torres E., Viniegra-
González G. (2001). J. Ind. Microbiol. Biotechnol., 26: 
296-302. 
2. Haasum I., Eriksen S., Jensen B., Olsen J. (1991). 
Appl. Microbiol. Biotechnol., 34: 656-660. 
3. Hill T., Kafer E. (2001). Fungal Genet. Newsl., 48: 20-
21. 
4. Withers J., Swift R., Wiebe M., Robson G., Punt P., 
van den Hondel C., Trinci A. (1998). Biotechnol. Bioeng. 
59(4): 407-418. 

0.0

0.4

0.8

1.2

0 1 2 3 4

P
ro

te
in

 (
m

g
/m

L
 m

e
d

iu
m

)

Time (days)


