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 The effect of process parameters on glucoamylase production from bitter cassava by 
Aspergillus niger was studied using response surface methodology (RSM). Face 

centered central composite design (FCCCD) was selected to evaluate the optimum 

levels of the three parameters (pH, inoculum concentration and agitation speed) and the 
developed quadratic model was found to be significant with p-value < 0.0001. The most 

important parameter was pH based on its lowest p-value of < 0.0001 and the optimal 
combinations of the selected parameters for maximum glucoamylase production were 

found to be 4.8, 3.7% (v/v) and 260 rpm for pH, inoculum concentration and agitation 

speed respectively. The model R2 value of 0.9905 showed the fitness of the 
experimental response with the predicted ones. Thus, this study develops an efficient 

fermentation system using bitter cassava for enhanced production of  glucoamylase 

production by A. niger 
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INTRODUCTION 

 

 Glucoamylase (1,4-D-glucan glucanohydrolase; EC 3.2.1.3) is an important industrial enzyme that 

hydrolyzes starch and other saccharides from non-reducing ends to release β-D-glucose in theoretically 100% 

yield [1, 2]. It is can be produced from various microorganisms including fungi, yeast and bacteria. Aspergillus 

sp. and Rhizopus sp. are among the most exploited strains for commercial production of glucoamylase due to 

their robustness, stability under different conditions of temperature and pH and are generally regarded as safe 

(GRAS) [3]. 

 The industrial application of this enzyme is mainly in food processing especially in production of glucose 

syrup, which is highly used as a humectant, sweetener and a substrate for isomerization to fructose syrup. Other 

applications include baking process, ethanol production, textile processing, pulp and paper and other processes 

associated with brewing and pharmaceutical industries [4, 5, 6]. 

 Recently, non conventional carbon sources as well as byproducts of industries are widely utilized in 

production of value added products as they are relatively cheap, abundant and not competing with any food 

sources. Thus studies involving the use of wheat bran [3], Soni et al. [7], starch processing wastewater [4], food 

waste [8], rice bran, corn bran [9], rice flake manufacturing waste [10] and mushroom Lyophyllum shimeji [11], 

among others for glucoamylase production have been reported. 

 The need to produce glucoamylase at relatively cheaper rate is highly sort for since its utilization is highly 

affected by its high cost. Thus, optimization strategies that will result in its efficient production will go a long 

way in its viability in different applications. 

 Different methods associated with strain improvement and fermentation have been useful in enhancing the 

yield of glucoamylase [2, 12, 13]. Molecular techniques associated with cloning and expression in appropriate 

systems, statistical optimization techniques and enzyme immobilization on different carriers have been used in 

enhancing the activity and stability of glucoamylase [14, 15, 16].  
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 This study explores the effects of some process parameters through the use of response surface 

methodology (RSM) by face centered central composite design (FCCCD) for enhancing glucoamylase 

production using bitter cassava. This design was selected based on its reliability with ability to identify the 

separate and combined effects of various factors through a minimum number of experiments. 

 

MATERIALS AND METHODS 

 

Sample collection and preparation: 

 Samples of Bitter cassava (Manihot esculenta) were collected from a local farm in Kuantan, Pahang, 

Malaysia and immediately brought to the laboratory where they were washed with tap water, peeled, sliced, 

dried completely at 60
o
C in an air forced oven. The dried sample was milled using an IKA lab mill (IKA 

WORKS, INC.) equipped with a 0.5 mm screen and stored in air tight container. 

 

Microorganism and inoculum preparation: 

 Aspergillus niger O103A was obtained from Bioenvironmental Engineering Laboratory stock, International 

Islamic University Malaysia. The culture was maintained on PDA plates and a  seven-day PDA plate was used 

to prepare the inoculum according to the method reported by Alam et al. [17], which involves scrubbing of the 

culture with bent glass rod and washing with 25 ml of sterile distilled water followed by filtration through 

Whatman No.1 filter paper to remove the mycelia from the spore suspension. The filtrate was measured using 

Hemocytometer to determine the inoculum concentration (spore/ml) which was used throughout the 

experiments. 

 

Fermentation medium preparation and glucoamylase production: 

 Medium composition was based on what was reported by Khalaf et al [18] using 10 g/L of bitter cassava as 

the basal medium supplemented with different concentrations of nutrients (3.2 g/L maltose, 2.2 g/L yeast 

extract, 1 g/L NH4NO3, 0.05 g/L MgSO4.7H2O, 0.5 g/L FeSO4.7H2O, 0.5 g/L CaCl2 and 0.25 g/L KH2PO4). The 

flasks were sterilized at  121
o
C and 15 psi for 15 min. The process conditions including inoculum concentration 

(% v/v), agitation speed (rpm) and initial pH were set according to the statistical design matrix, and the flasks 

were incubated for 3 days in a temperature controlled orbital shaker at 28°C. After the incubation, the cell free 

filtrate obtained from the fermented culture broth was used as the source of extracellular enzyme. 

 

Statistical analysis and optimization: 

 Three process parameters (inoculum concentation, agitation speed and pH) influencing glucoamylase 

production were investigated and the selection of these parameters and the levels of their variations were based 

on practical considerations and the literature. Earlier studies showed that A. niger can grow stably at pH values 

ranging from 2 to 8.  Thus, pH plays a significant role in growth of microorganisms, synthesis and stability of 

amylase. Similarly, studies suggested that a relationship exists between the enzyme production and agitation 

speed as it affects the mixing of the medium components, oxygen transfer and dispersion of cells; while 

inoculum concentration tends to affect the enzyme secretion as well as the yield [19, 20, 21]. 

 Face Centered Central Composite Design (FCCCD) under RSM methodology was used to determine the 

effects of the selected process conditions on glucoamylase production. Design Expert Statistical software 

(Version 6.0.8) was used to generate the experimental matrix. A set of twenty experimental runs with six center 

points (runs 1, 6, 9, 10, 18, 20) were conducted to evaluate the influence of these factors on glucoamylase 

production. The factors were studied at three levels, low (‒1), medium (0) and high (+1) as indicated in Table 1. 

The relationship between the dependent and independent variables is explained by the second order polynomial 

equation: 

Y = βo + β1X1 + β2X2 + β3X3 + β12X1X2 + β13X1X3 + β23X2X3 + β11X1
2 

+ β22X2
2
 + β33X3

2   
     (1) 

 Where Y represents the dependent variable (glucoamylase production); X1, X2 and X3 are independent 

variables (Inoculum concentration, agitation and pH); β0 is an intercept term; β1, β2 and β3are linear coefficients; 

β12, β13 and β23 are the interaction coefficients; β11,β22 and β33 are quadratic coefficients 

 The results obtained were used to develop a regression model by analyzing the values of regression 

coefficient and analysis of variance (ANOVA). The quality of fit of the quadratic polynomial model equation 

was expressed by determination coefficient, R
2
. 

 

Validation of the experimental model: 

 The adequacy of the experimental model was verified with respect to all the three parameters and five sets 

of experiments were carried out comparing the experimental values obtained with those predicted by the model. 
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Colorimetric assay for glucoamylase activity: 

 Glucoamylase activity was determined by DNS method [22] as described by Riaz et al. [6] using 1% (w/v) 

soluble starch as a substrate. The reaction mixture constitutes 1 ml of 1% (w/v) soluble starch in 50 mM 

Mcilvaine’s buffer (pH 5) with 100 μl of the supernatant (extracellular source of glucoamylase), which was 

incubated at 60°C for 30 min. Addition of 1 ml of DNS to the reaction mixture was used to stop the reaction 

followed by heating at 100°C for 5 min. The set up was allowed to cool before measuring the absorbance at 540 

nm. 

 One unit of glucoamylase activity was defined as the amount of enzyme required to release 1 μmol of 

glucose per milliliter per minute under standard assay conditions. 

 

RESULTS AND DISCUSSION 

 

 The present study involves the practical utilization of abundant and economically feasible raw material 

(bitter cassava) for glucoamylase production by optimizing the important process conditions. 

 Physical parameters in form of pH, temperature, agitation, fermentation period and inoculum concentration 

tend to have great influence on glucoamylase production. Among these, three parameters (pH, agitation speed 

and inoculum concentration) were subjected to statistical optimization by FCCCD under RSM so as to come up 

with an established condition for maximum production of the enzyme by A. niger using bitter cassava as the 

main substrate. The selected parameters were investigated at different levels within a range of 3 – 8 for pH, 100 

– 300 rpm for agitation speed and 1 – 5 % (v/v) with a spore concentration of 3 × 10
5
 spore/ml as inoculum 

concentration. This led to a total of 20 experimental runs with six center points developed by the design expert 

software. For each run, the results of experimental along with the predicted glucoamylase activity are shown in 

Table 1. 

 From the results obtained (Table 1), glucoamylase production varied from 14 U/ml to 39 U/ml indicating 

the dependence of the enzyme on the selected process parameters. Lowest production of 14 U/ml was obtained 

in run 3, where two of the parameters were at their high concentration. Higher glucoamylase activity was 

obtained in runs associated with center points (1, 6, 9, 10, 18, 20) as well as runs 2, 5 and 12. 

 
Table 1: Experimental design using FCCCD based on three independent parameters with six center points showing the experimental and 

predicted glucoamylase activity. 

Run 
 

pH 
 

Inoculum concentration 
(% v/v) 

Agitation  speed 
(rpm) 

 

Glucoamylase (U/ml) 

 

Experimental Predicted 

1 5.5 (0) 3 (0) 200 (0) 38 37.3 

2 5.5 (0) 3 (0) 300 (+) 37 36.8 

3 8 (+) 1 (‒1) 300 (+) 14 12.9 

4 8 (+) 5 (+) 300 (+) 19 19.6 

5 5.5 (0) 3 (0) 100 (‒1) 35 35.5 

6 5.5 (0) 3 (0) 200 (0) 37 37.3 

7 8 (+) 1 (‒1) 100 (‒1) 15 15.1 

8 3 (‒1) 5 (+) 100 (‒1) 23 24.0 

9 5.5 (0) 3 (0) 200 (0) 36.8 37.3 

10 5.5 (0) 3 (0) 200 (0) 36.4 37.3 

11 5.5 (0) 1 (‒1) 200 (0) 32 32.9 

12 5.5 (0) 5 (+) 200 (0) 35.7 35.1 

13 8 (+) 5 (+) 100 (‒1) 16.5 15.6 

14 3 (‒1) 5 (+) 300 (+) 29 28.8 

15 3 (‒1) 1 (‒1) 300 (+) 24 24.9 

16 3 (‒1) 1 (‒1) 100 (‒1) 27 26.3 

17 3 (‒1) 3 (0) 200 (0) 31.6 30.6 

18 5.5 (0) 3 (0) 200 (0) 39 37.3 

19 8 (+) 3 (0) 200 (0) 19 20.3 

20 5.5 (0) 3 (0) 200 (0) 37.4 37.3 

 

 An empirical relationship between the dependent and independent variables which allowed for calculation 

of coefficient of regression was expressed in terms of second order polynomial equation: 

Y (glucoamylase activity)  = +37.34 ‒ 5.11A + 1.12B + 0.65C ‒ 11.90A2 ‒ 3.35B2 ‒ 1.20C2 + 0.69AB ‒ 

0.19AC + 1.56BC    (2) 

 Where Y represents glucoamylase activity and A, B and C are coded values of the selected parameters 

representing pH, inoculum concentration (% v/v) and agitation speed (rpm), respectively. 

 The analysis of variance of the developed model is presented in Table 2. The significance of the model is 

apparent as indicated by the model F-statistics and p-value of 116.20 and <0.0001, respectively; suggesting that 

there is only 0.01% chance that a model F-value could occur due to noise. Table 2 also shows that two of the 

linear model terms (pH and inoculum concentration) were significant at p < 0.05, and two quadratic terms (A
2 
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and B
2
) and one interaction term (BC) were significant. Lack of fit with p-value of 0.2228 was found to be non 

significant indicating the fitness of the experimental and predicted responses. Additionally, higher coefficient of 

determination R
2
 was found to be 0.9905 and adjusted R

2
 of 0.9820; which means that more than 99.05% and 

98.20% respectively of all the variations could be accounted for by the developed model. Thus, R
2
 value closer 

to 1 showed good statistical model as suggested by Reddy et al. 

 
Table 2: ANOVA of the developed model indicating the estimated regression coefficients. 

Source Sum of squares F value p-value 

Model 1420.19 116.20 < 0.0001 

A (pH) 261.12 192.28 < 0.0001 

B (inoculum concentration, % v/v) 12.54 9.24 0.0125 

C (agitation speed, rpm) 4.22 3.11 0.1082 

A2 389.13 286.54 < 0.0001 

B2 30.78 22.66 0.0008 

C2 3.93 2.89 0.1197 

AB 3.78 2.78 0.1261 

AC 0.28 0.21 0.6588 

BC 19.53 14.38 0.0035 

Lack of Fit 9.15 2.06 0.2228 

R2 = 0.9905, Adjusted R2 = 0.9820, CV = 4.0, Adequate precision = 29.676 

 

 Adequate precision ratio of 29.676 indicates an adequate signal and a ratio greater than 4 is suitable for 

appropriate models. The coefficient of variation was found to be 4.0 indicating that the experiments were 

reliable and of good precision. The interaction between the parameters was illustrated by means of 3D response 

surface plots and good interaction is represented by an elliptical contour as indicated in Figure 1. The interaction 

between pH and inoculum concentration (Fig 1a) indicated that high levels of both parameters did not increase 

glucoamylase production. Similar pattern was also observed between pH and agitation speed as shown in Fig 

1b. These were clearly indicated by their non significant p-values as presented in Table 2. However, significant 

interaction between inoculum concentration and agitation speed was obtained (Fig 1c) with p-value of 0.0035 

(Table 2), which indicated a saddle contour suggesting that well defined optimum operating conditions were 

attained. 

 

 
Fig. 1: 3D response surface plots showing the interaction of the process parameters on glucoamylase production 

by Aspergillus niger O103A (a) pH and inoculum concentration at fixed level of agitation; (b) pH and 

agitation at fixed level of inoculum concentration; (c) agitation and inoculum concentration at fixed 

level of pH. 
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 To further validate the result obtained based on the developed model, five sets of experiments were carried 

out as indicated in Table 3; maximum production of glucoamylase of 38.30 U/ml was obtained under optimized 

conditions of pH, inoculum concentration and agitation speed of 4.8, 3.7 % (v/v) and 260 rpm, respectively. 

Both the experimental and predicted results were in agreement with each other as values of 38.30 U/ml and 

38.07 U/ml were obtained respectively. This confirmed the validity of the developed model as well as 

attainment of the optimal points. 

 
Table 3: Validation of experimental model. 

Run pH Inoculum concentration (% v/v) Agitation speed 
(rpm) 

Glucoamylase (U/ml) 

Experimental Predicted 

1 5.0 4.0 250 37.20 37.98 

2 4.8 3.7 260 38.30 38.07 

3 4.7 4.0 270 35.55 37.83 

4 3.8 3.0 240 35.26 35.43 

5 6.0 4.0 200 34.01 35.63 

 

 Several studies showed the importance of different process parameters in enhancing glucoamylase yield; 

Malik et al. [23] developed a medium containing 10% each of starch and lactose together with some inorganic 

nutrients and found a maximum glucoamylase production of 25.08 U/ml/min by mutant A. niger under optimum 

conditions of pH, inoculum concentration, agitation speed, tempertaure and incubation period of 5, 4%, 200 

rpm, 30
o
C  and 48 hr respectively. 

 Similarly, using Fusarium solani inoculum concentration of 15 % (10
6
 – 10

7
 spores/ml)  at  incubation 

temperature of 35±1
o
C and pH of 5.0; maximum glucoamylase activity of 61.35 ± 3.69 U/g of dry wheat bran 

was achieved under optimum growth medium after  96 hr fermentation [24]. Optimization of glucoamylase 

production by Aspergillus sp. A3 under solid state fermentation of wheat bran was found to be 247 U/g. Some 

of the optimum conditions that led to this high enzyme yield were 1% (w/w) each of fructose and urea, 

incubation time of 120 hr, temperature of 30
o
C, inoculum concentration of 10% (v/v) and pH of 5.0 [25]. In case 

of Penicillium sp. X–1 when cultured in mouldy bran using solid state fermentation techniques, higher 

glucoamylase activity of 306 U/g was realized under the optimized conditions of temperature, pH and 

incubation [9]. 

 The finding in this study was found to be promising based on the utilization of cheaply available raw 

material (bitter cassava), which could be used as an alternative to more commonly used medium for 

glucoamylase production. Thus, the developed medium may contribute in reducing the enzyme production 

costs.  

 

Conclusion: 

 This study contributed in developing a fermentation system for enhanced glucoamylase production by A. 

niger O103A using bitter cassava as a substrate. Since the cost of production of the enzyme is among the 

challenges affecting its utilization, bitter cassava as an abundant raw material in Malaysia may be utilized in 

meeting up with this challenge. Thus, using statistically design experiment, the optimum concentrations and 

synergistic effects of the selected parameters (pH, inoculum concentration and agitation speed) were determined 

through an efficient and time saving technique.  
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