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Seventeen (17) strains of macro-fungi were screened for fructosyltransferase (FTase) production, of 
which Penicillium simplicissimum was selected for further work. FTase production was carried out in 
shake flask cultured at 30°C and 250 rpm for 48 h. For optimization of one factor-at-a-time method, 
effects of initial sucrose concentration, fermentation time, pH, inoculum size and agitation speed were 
studied on growth and extracellular FTase activity. These fermentation parameters were then optimized 
using response surface methodology (RSM) coupled with a central composite design (CCD). 20 g/l 
sucrose concentration, 36 h fermentation time, pH 6, 15 ml inoculum size and 150 rpm agitation speed 
were the optimum parameters obtained from RSM. The experimental values were in good agreement 
with predicted values within -0.057 to 0.023 errors. Nevertheless, the biomass and FTase (extracellular 
and intracellular) activities increased from 4.38 - 12.16 g/l, 92.76 - 99.46 IU/ml and 60.73 - 69.98 IU/ml in 
the unoptimized parameters to 14.16 g/l, 118.86 IU/ml (extracellular) and 71.98 IU/ml (intracellular) in the 
parameters optimized by RSM, respectively. 
 
Key words: Fructosyltransferase, Penicillium simplicissimum, response surface methodology, 
fructooligosaccharides. 

 
 
INTRODUCTION 
 
Fructosyltransferase (FTase) are enzymes (E.C.2.4.1.9) 
that catalyzed the transfer of fructosyl residue from 
sucrose to another sucrose molecule or a growing 
fructose chain (Fernandez et al., 2007). FTase is 
produced by many fungal and bacterial strains (Ganie et 
al., 2014; Prapulla et al., 2000), where they are impli-
cated in the biosynthesis of fructans (levan, inulin, 
graminant, phlein, etc.) (Fernandez et al., 2007). In 
microorganism, FTase is responsible for the production of 
fructooligosaccharides (FOS) (Antosova et al., 2008). 
FOS  is  extensively   used   in  food  and  pharmaceutical 

industries because of their functional properties. It is 
present in some commonly consumed foods like fruits, 
vegetables, cereals and honey in trace amounts 
(Sangeetha et al., 2004a). However, the productions of 
FOS using FTase derived from microorganisms have 
attracted attention in the recent years (Yun et al.,	1997). 
The enzymes were produced from a wide variety of 
micro-organisms such as Aspergillus niger, Aspergillus 
phoenici and Aspergillus foetidus (fungi), Saccharomyces 
cerevisae (yeasts), Bacillus macerans and Streptococcus 
salivarius (bacteria), respectively (Le Gorrec et al., 2002; 
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Almeciga-Diaz et al., 2011; Han et al., 2011). 

The cost of an enzyme is one of the main factors 
determining the economy of a process. Reducing the 
costs of enzyme production by optimization of the fer-
mentation medium and process is the goal of basic 
research for industrial application. A group of researchers 
reported on the isolating and screening of micro-
organisms for FTase production with higher activity 
(Fernandez et al., 2007; Yun et al., 1997; Le Gorrec et 
al., 2002), purifying and characterizing newly found 
enzymes (Prapulla et al., 2000; Sangeetha et al., 2004b; 
Lee et al., 1982; Heyer and Wendenburg, 2001). 
Antosova et al. (2008) separated fructosyltransferase 
from Aureobasidium pullulans and described its kinetic 
properties. Recently, Nemukula et al. (2009) isolated, 
purified and characterized fructosyltransferase from 
Aspergillus aculeatus. The influence of operating 
conditions on the synthesis of short chain fructo-oligosac-
charides was also examined using random surface 
methodology. However, there is much less information 
available on optimization for FTase production. It is 
believed that with further optimization using a statistical 
tool such as response surface methodology (RSM), 
further increase in enzyme activity could be attained. It 
was reported that application of statistical experimental 
design techniques in fermentation process development 
could results in improved product yields and reduced 
process variability, development time and overall cost 
(Tari e al., 2007; Elibol, 1999). 

The response surface methodology (RSM) is a 
powerful technique for testing multiple process variables 
because fewer experimental trials are needed. Con-
ventional method of optimization involves varying one 
parameter at a time and keeping others constant. This 
method is extremely time consuming and often does not 
bring about the effect of interaction of various parameters 
(Elibol, 1999). The single dimensional search is laborious 
and less capable of reaching true optimum due to 
interactions among variables (Soni et al., 2007). In order 
to overcome this difficulty and determine the interaction 
between the studied variables, an experimental factorial 
design and response surface method were employed for 
the optimization process. 

Penicillium simplicissimum, a strain isolated from the 
soil, had showed high galactosyltransferase activity when 
incubated in highly concentrated lactose solution (Cruz et 
al., 1999). Luonteri et al. (1998) previously reported that 
substrate specificities of three α-galactosidase of this 
strain (AGLI, AGLII and AGLIII) were determined by 
using various isolated galactose containing oligosac-
charides and polymeric galacto(gluco)mannans. In fact 
this species had also been used to study the effect of 
glucose, ammonium, nitrate or phosphate limitation on 
the excretion of tricaboxylic acid (TCA) cycle inter-
mediates in continuous system (Galmetzer and 
Burgsteller, 2002). In terms of lead and copper 
biosorption, P. simplicissimum was immobilized on loofa 
sponge in  batch experiments  (Li et al., 2008). Though P.  
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simplicissimum had been utilized in various ways, to our 
knowledge, there is no scientific literature on statistical 
optimization for FTase production by this species. In this 
study, screening of selected micro- and macro-fungi for 
the production of FTase in shake flask culture were 
addressed. Optimization of growth (biomass) and FTase 
activities (intra- and extra-cellular) either using one-
factor-at-a-time method or using a response surface 
methodological (RSM) approach were also described.  
 
 
MATERIALS AND METHODS 
 
Screening of isolates 
 
Six strains of macro-fungi namely Trametes lactinea, Trametes feei, 
Trametes pocas, Pycnoporous sanguineus, Lentinus sajor caju and 
Schizophyllum commune and 11 strains of micro-fungi namely 
Penicillium purpurogenum, Penicillium islandicum, P. 
simplicissimum, Penicillium rubrum, Aspergillus niger, Aspergillus 
terreus, Trichoderma viride, Penicillium clarifame, Penicillium 
variable, Penicillium spinulosum and Penicillium enopansum were 
used in this study. All the tested strains were from the Forest 
Research Institute Malaysia (FRIM), Kepong, Selangor and 
University of Malaya, Kuala Lumpur, Malaysia. The strains were 
grown on potato dextrose agar and were maintained at 4°C. 

Screening experiments were carried out in a rotary shaker using 
250 ml unbaffled Erlenmeyer flask with 100 ml culture medium, 
comprised of (g/l): sucrose 10, malt extract 10 and NH4Cl 1. The pH 
of the medium was adjusted to 5.6 prior sterilization. The flask were 
then inoculated with loopfuls of cells from the tested strains and 
incubated in the rotary shaker at 30°C, 250 rpm for 48 h. Samples 
were harvested and analyzed for biomass and FTase activities 
(extracellular and intracellular). 
 
 
Microorganism and inoculum preparation 
 
Fungal strain which was of higher FTase activity was chosen for 
subsequent studies. The strain was grown on potato dextrose agar 
at 20°C. The inoculum was prepared by transferring a loopful of 
spores from 3-day-old slant to 100 ml medium containing 1% (w/v) 
sucrose and 0.2% (w/v) yeast extract at pH 5.5 in 250 ml flasks, 
which were previously sterilized at 121°C for 20 min. The flasks 
were incubated at 33 ± 1°C on rotary shaker at 250 rpm for 24 h. 
 
 
Production of FTase  
 
Erlenmeyer flask (250 ml) composed of KH2PO4 (11 g/l), NH4Cl (6 
g/l) and yeast extract (10 g/l) were incubated in an orbital shaker 
according to the condition that resulted from the experimental 
design as in Table 1. After fermentation, the contents were filtered 
through Whatman filter paper (No. 1). The culture filtrate thus 
obtained was centrifuged at 8000 rpm for 20 min and the clear 
supernatant was used as enzyme sources.  
 
 
Enzyme assay and analytical methods 
 
Fructosyltransferase (FTase) activity was determined by measuring 
the release of reducing glucose in the reaction mixture as described 
by Sangeetha et al. (2004) with slight modification. 2.5 ml of 60 g/l 
sucrose was added to 0.5 ml of 0.1 M citrate buffer (pH 5.5) and 0.5 
ml enzyme solution. The reaction mixture was incubated at 55°C for 
1 h.  The enzyme reaction was stopped by heating at 100°C for 15 
min and the released glucose was measured using HPLC (CTO-
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Table 1. Design of experiment levels of various parameters. 
 

Variable Coding Unit 
Level 

-α -1 0 +1 +α 

Sucrose concentration    X1 (g/l) 10 20 30 40 50 

Fermentation time X2 h 12 24 36 48 72 

pH X3  4 5 5.5 6 7 

Inoculum size  X4 (%w/v) 1 5 10 15 20 

Agitation speed X5 rpm 100 150 200 250 300 

 
 
 
10AS, Shimadzu, Japan) with refractive index detector using the 
polar bonded phase column (Kromasil LC-NH2, 4.6 mm × 25 cm, 5 
µm) at room temperature. The mobile phase was acetonitrile: water 
(75:25) at a flow rate of 1.0 ml/min. One fructosyltransferase unit is 
defined as the amount of enzyme activity required to produce one 
micromole of glucose per minute. The biomass was determined 
using dry cell weight method as described by Sangeetha et al. 
(2004b). The results were expressed as g/l. 
 
 
Optimization by response surface methodology 
 
Five experimental factors, sucrose concentration, initial pH, 
agitation speed, inoculum size and fermentation time were chosen 
for optimization of growth and enzyme production by the highest 
FTase producer. Response surface methodology using five factors 
and 5 level central composite designs were used to optimize the 
response of variables. Each factor in the design was studied at five 
different levels (-α, -1, 0, +1, +α) (Table 1). All variables were taken 
at a central coded value and considered as zero. The minimum and 
maximum ranges of variables were investigated and the full 
experimental plans with respect to their values in actual and coded 
form are listed in Table 1. The biomass and enzyme activity were 
studied as response. This criterion was used in all experimental 
designs and analyzed with the aid of Design Expert ver. 6.0.6 
statistical software (Stat-Ease Inc, Minneapolis, MN). The biomass 
production and enzyme activity were analyzed using analysis of 
variance (ANOVA) combined with Fischer test to evaluate if a given 
term has significant effect (p≤ 0.05). The optimum levels of 
variables were obtained by graphical and numerical designs using 
Design expert program. 
 
 
RESULTS AND DISCUSSION 
 
Screening of fungal isolates for FTase production 
 
Seventeen (17) fungal isolates from different families 
(Trametes, Pycnoporous, Lentinus, Schizophyllum, 
Penicillium, Aspergillus and Trichoderma) were screened 
for extra- and intracellular FTase activities and the results 
are shown in Figure 1. Under such cultivation conditions 
(pH 5, 30°C, 250 rpm for 48 h), FTase activities of all the 
strains ranged from 40 IU/ml (Scyzophyllum commune) to 
506 IU/ml (P. simplicissimum). Most of the macro-fungi 
cultures were incubated longer because of a slower 
growth in potato dextrose agar (Figure 1a). The 24 h 
growth of the tested strain in sucrose submerged culture 
of shake flask showed that P. simplicissimum attained the 

highest growth at 3.8 g/L and 506 IU/ml for extracellular 
and 128 IU/ml for intracellular FTase activities, 
respectively.  
 
 
Optimization using one factor at-a-time 
 
Fermentation optimization by employing one factor at a 
time method involved changing one independent variable 
while fixing others at a certain level (Galmetzer and 
Burgsteller, 2002). Process parameters such as initial 
sucrose concentration, fermentation time, pH, inoculum 
size and agitation speed were included in this study.  
 
 

Effects of initial sucrose concentration 
 
The effects of different sucrose concentrations (10-50 g/l) 
on cell growth, extracellular and intracellular FTase 
activities were investigated (Figure 2a). The higher the 
sucrose concentration, the higher the biomass and FTase 
activities. Beyond 20 g/l of initial sucrose concentration, a 
reverse trend was observed. The maximum biomass and 
extracellular FTase were detected at 11.23 g/l and 99.46 
IU/ml (Figure 2a), respectively. This may be attributed to 
higher sugar content and reduction in water activity as 
sucrose was a disaccharide, thus increasing its osmotic 
pressure and cause more substrate inhibition to the cells  
(Siqueira et al., 2008). This indicated that substrate 
concentration has a considerable effect on the 
distribution of fermentation products, as substrate 
utilization rates could be significantly influenced by the 
substrate concentration (Mu et al., 2006). 

 
 
Effects of fermentation time  
 
Figure 2b shows the fermentation profiles for growth and 
FTase activities over 72 h fermentation periods. After a 
lag period of 4 h, both biomass and FTase activities 
increased exponentially, reaching maximum at 12.16 g/l, 
92.76 IU/ml (extracellular) and 69.98 IU/ml (intracellular), 
and later declined gradually till the end of the 
fermentation period. Kumar et al. (2008) reported that 
microbial enzyme reached its maximum production
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Figure 1. FTase activities by selected species of fungi in shake flask culture (a) Macro-fungi,  1 – 
Trametes lactinea, 2 – Pycnoporous sanguines, 3 – Trametes pocas, 4 – Lentinus sajor caju,  5 – 
Trametes feei and 6 – Schizophyllum commune, (b) micro-fungi, 1 – Aspergillus niger, 2 – 
Aspergillus terreus, 3 – Trichoderma viride, 4 – Penicillium simplicissimum, 5 – Penicillium 
islandicum, 6 – Penicillium spinolosum, 7 – Penicillium variable, 8 – Penicillium rubrum, 9 – 
Penicillium enopasum, 10 – Penicillium clarifame and 11 – Penicillium purpurogenum). 

 
 
 
during log or late log phase (stationary phase). In 
stationary phase, nutrients might have been utilized 
mostly for cell multiplication and compensation of cell 
death (Anisha et al., 2008).  
 
 
Effects of pH  
 
FTase production is also influenced by the pH of the 
culture medium. To investigate the effect of pH on 
bioconversion of sucrose to glucose, it would be 
important to keep this parameter constant at the 
beginning of the fermentation period. Figure 2c shows the 
biomass and FTase activities profiles by P. 
simplicissimum. The highest FTase activity (extracellular) 
was observed at pH 6.0 which corresponded to 98.46 
IU/ml after 24 h. At pH 4.0 to 5.5, both of the FTase 
activities were relatively low compared to pH 6.0. Similar 
effect of initial pH also occurred for the sucrose-to-

glucose bioconversion by the FTase of Aspergillus 
oryzae CFR 202 in solid state fermentation using 
agricultural by-products (Sangeetha et al., 2004). FTase 
activity was significant only when the pH of the extract 
was in the pH range of 5-7. At acidic pH, the enzyme 
activity was less. 
 
 
Effects of inoculum size 
 
Inoculum concentration or size also played a crucial role 
in the determination of growth and enzyme production in 
submerged culture (Mukherjee et al., 2008). It is therefore 
important to select the suitable inoculum in respect to 
type, size and age to obtain a high yield of the desired 
product (Enshasy et al., 2000). As can be seen in Figure 
3a, a lag phase of 4 h was observed for all biomass and 
enzyme activities. It then increased exponentially 
reaching the peak biomass of 9.16 g/l, extra- and 
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Figure 2. Fermentation profiles of biomass and enzyme activities at different (a) 
sucrose concentration, (b) fermentation time, and (c) pH. 

 
 
 
intracellular FTase of 93.81 IU/ml and 65.98 IU/ml at 15% 
(v/v) inoculum concentration, respectively. Beyond this, a 
reverse trend was observed.  

According to the study of Mukherjee et al. (2008), 
increase in inoculum size beyond 15% (w/v) resulted in 

steady decline of FTase activity and biomass which might 
be due to exhaustion of nutrients in the fermentation 
medium. In contrast, the lower inoculum size required 
longer time for the cells to multiply to a sufficient number 
for the maximum substrate utilization, thus resulting in 
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Figure 3. Fermentation profiles of biomass and enzyme activities at different (a) inoculums size, and (b) 
agitation speed. 

 
 
 
lower enzyme yield (Ramachandran et al., 2004; Siqueira 
et al., 2008). 
 
 
Effect of agitation speed  
 
The effect of agitation on growth and FTase activities are 
shown in Figure 3b. An agitation of 150 rpm supported 
maximum biomass of 4.38 g/l and FTase activities of 
98.79 IU/ml (extracellular) and 69.33 IU/ml (intracellular), 
respectively. Singh and Bhermi (2008) reported that at 
higher agitation speed increased the amount of dissolved 
oxygen and dispersion of macromolecules in the medium. 
It might contribute to the greater growth and enzyme 

production. However above 150 rpm, the biomass and 
enzyme activities tend to reduce gradually. This could be 
due to the shearing effect which was induced by the 
higher agitation speed on the cells and enzyme 
inactivation, thus contributing negatively towards cell 
growth and enzyme stability. According to the study of 
Wang et al. (2005), in many fungal fermentations, a 
higher agitation rate was necessary to provide adequate 
mixing and mass transfer, especially when the fungal 
cells grew in a freely dispersed form which resulted in a 
non-Newtonian broth and higher apparent viscosity. 
However, the mechanical forces induced by the rotating 
shaft could cause mycelia damages. Thus, agitation rate 
should  be  limited  to  a range  that could  avoid  exerting  
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high shear stress on fungal mycelia.   
 
 
Optimization using random surface methodology 
(RSM) 
 
RSM is an empirical statistical modeling technique 
employed for multiple regression analysis using quan-
titative data obtained from properly designed experiments 
to solve multivariable equations simultaneously (Rao et 
al., 2000). It was used to optimize process parameters for 
the production of FTase by Penicillium simplicissimum in 
shake flask culture.  

A central composite experimental design (CCD) for five 
independent variables was used to obtain the combi-
nation of values to optimize the response within the 
region of three dimensional observation spaces, which 
allowed one to design a minimal number of experiments 
(Tang et al., 2004). 
 
 

Statistical experimental design 
 
Table 2 shows the design matrix of the variables and the 
experimental results for growth and FTase activities of P. 
simplicissimum. The design independent variables and 
their range are classified in Table 1. Using multiple re-
gression analysis on the experimental data, the following 
second-order polynomial equations were found to fit the 
extracellular FTase (YEXT), intracellular FTase (YINT) and 
biomass (YB), respectively. 
 

DECECDBEBDAE

ADECBEDCBAYEXT

22.941.259.784.316.802.3

79.542.187.368.691.132.596.469.275.063.28 222




                                                                                       (1) 
 

DECEBDADACABE

DCBAEDCBAYINT

67.237.199.439.522.252.357.1

49.188.112.651.122.195.097.079.048.058.31
2

2222



            

         (2) 
 

AEABE

DCBAEDCBAYB

67.175.069.0

34.053.047.054.081.106.005.084.119.163.7
2

2222



            

         (3) 
 

Where, YEXT (IU/ml) and YINT (IU/ml) are the response 
factors for extracellular FTase, intracellular FTase and YB 

(g/l) for the cell biomass.  A, B, C, D and E are values of 
independent factors for sucrose concentration (% w/v), 
fermentation time (h), pH, inoculum size (% v/v) and rate 
of agitation (rpm). In order to verify the validity of the 
models, it is necessary to conduct an analysis of variance 
(ANOVA) as presented in Table 3. 

Table 3 shows that the regressions for biomass, 
extracellular and intracellular FTase models were 
significant (44.68, 47.10 and 33.21) and those lacked of 
fits were not significant (0.33, 1.25 and 0.63) at p < 
0.0001 relative to pure error. The fit of the models were 
checked by the determination of coefficient, R2. The R2 
value provided a measure of how much variability in the 
observed response values can be explained by the expe- 

 
 
 
 
rimental factors and their interactions. The R2 value 
always lied between 0 and 1. The closer the R2 value to 
1.00, the stronger the model was and the better it 
predicted the response. In this case, the value of R2 for 
biomass, extra- and intra-cellular FTase were 0.942, 
0.954 and 0.942, respectively. These values showed that 
5.8, 4.6 and 5.8% of the total variables were not explain 
by the models. The ‘Pred R2’ of 0.8934 and 0.8669 for 
extracellular and intracellular FTase production and 
0.8677 for biomass production were in reasonable 
agreement with the ‘Adj R2’ of 0.9388, 0.9132 and 
0.9026. This indicated a good agreement between the 
experimental and predicted values for FTase and 
biomass production. The adjusted R2 corrected the R2 
value for the sample size and for the number of terms in 
the model. If there are many terms in the model and the 
sample size is not very large, the adjusted R2 may be 
noticeably smaller than the R2. This should be a caution 
signal as too many terms were present in the model 
(Haaland, 1989).  The plot of predicted versus 
experimental extracellular FTase activity is shown in 
Figure 4, with R2 = 0.954, thus indicating an excellent 
adequacy of the proposed model. 
 
 

Interaction of parameters  
 
The three-dimensional response surface curves were 
plotted to study the interaction among different 
parameters to find out the optimum condition for 
extracellular FTase activities. Intracellular FTase activity 
was not explained as the trend of the response surface 
plot was similar to extracellular FTase. Figure 5a shows 
the response of extracellular FTase with respect to initial 
sucrose concentration and agitation. An increase in 
agitation speed from 200-300 rpm with initial sucrose 
concentration 10-20 g/l induced the extracellular FTase 
activity to 35.15 IU/ml. However, the enzyme activity 
tends to reduce as the concentration of sucrose 
increased to 60 g/l though the agitation speed was higher 
(300 rpm). According to the study of Chen and Liu 
(1996), sucrose was the best inducer for β-
fructofuranosidase (FFase) or β-D-fructosyltransferase 
(FTase) production by A. japonicas TIT-90076 and 
enzyme yield was suppressed at initial sucrose 
concentrations greater than 25%.  It is well known that 
with increase in the sucrose concentration, the osmotic 
pressure also increased, thus eventually increasing the 
percentage of cell fractures (Quan et al., 2008). Previous 
study also indicated that some microorganisms grew best 
in medium that has slightly lower osmotic concentration 
than its own because this facilitated the diffusion of 
nutrients into the cells (Okafor, 2007). According to the 
study of Sangeetha et al. (2004b), enzyme activity 
decreased at higher sugar concentration. The predicted 
R2 values of extracellular and intracellular FTase 
production and biomass were in reasonable agreement 
with the adjusted R2. This indicated a good agreement
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Table 2. Central composite design (CCD) of factors in coded levels with extracellular, intracellular FTase enzyme activities and biomass concentration as response. 
 

Run 

Coded Factor Level 

FTase activity 
Biomass 

(g/L) 
(Extracellular) 

(IU/ml) 
(Intracellular) 

(IU/ml) 

Sucrose 
Concentration (g/L) 

Fermentation 
Time (h) 

pH 
Inoculum 

Size (%w/v) 
Agitation 

(rpm) 
Actual 
value 

Predicted 
value 

Actual 
value 

Predicted 
value 

Actual 
value 

Predicted 
value 

X1 X2 X3 X4 X5 

1 1 1 -1 -1 1 56.304 59.673 24.158 25.897 1.643 2.892 
2 0 0 2.378 0 0 63.105 43.126 47.670 49.112 0.460 0.188 
3 -1 -1 1 -1 -1 13.405 17.370 23.952 21.392 4.035 4.609 
4 -1 1 -1 1 1 32.037 27.934 29.562 30.507 3.916 4.516 
5 0 0 0 0 -2.378 45.475 39.590 24.508 25.657 3.003 3.566 
6 -1 1 -1 -1 -1 18.638 21.026 37.411 40.010 0.218 0.337 
7 -1 1 1 -1 1 47.203 45.557 25.258 21.152 5.070 4.858 
8 -1 -1 1 1 1 58.473 62.258 20.653 21.405 4.163 4.616 
9 0 0 0 0 0 24.625 28.630 35.034 33.928 1.704 2.304 

10 -1 1 -1 1 -1 24.908 30.199 36.498 35.598 0.114 0.648 
11 -1 -1 -1 1 1 43.254 41.971 49.983 49.370 5.052 4.697 
12 1 -1 1 1 1 43.331 43.126 33.788 36.940 5.875 6.028 
13 -1 1 1 1 1 47.532 48.221 28.463 33.687 2.461 2.436 
14 0 0 0 0 0 24.649 28.630 22.646 26.496 0.503 0.632 
15 -1 -1 -1 -1 -1 20.117 17.783 50.743 49.129 3.916 4.404 
16 1 -1 -1 -1 -1 31.900 33.901 30.181 27.838 5.639 5.586 
17 0 0 0 0 0 30.014 28.630 36.426 30.932 3.830 3.099 
18 -1 1 1 -1 -1 18.299 20.614 55.272 54.147 6.265 6.692 
19 -1 1 1 1 -1 55.004 60.153 24.613 26.427 5.268 5.524 
20 1 -1 1 1 -1 78.987 82.501 36.418 35.542 12.313 12.104 
21 1 -1 -1 1 -1 49.940 52.547 34.277 36.161 2.723 3.349 
22 0 0 -2.378 0 0 39.597 38.696 48.330 50.514 7.066 6.794 
23 -2.378 0 0 0 0 27.255 30.423 27.094 31.656 5.983 5.350 
24 0 0 0 0 0 33.757 28.630 35.061 31.910 12.153 11.782 
25 2.378 0 0 0 0 22.447 26.838 25.104 28.289 2.398 2.380 
26 -1 -1 -1 1 -1 58.063 59.596 29.534 29.959 7.470 7.398 
27 0 0 0 0 0 34.099 28.630 41.568 43.731 5.355 5.481 
28 0 0 0 0 2.378 29.715 33.925 31.456 31.302 6.591 8.006 
29 1 1 1 -1 -1 32.369 36.731 35.767 33.518 2.838 2.089 
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Table 2. Contd. 
 

Run 

Coded factor Level 

FTase activity 
Biomass 

(g/L) 
(Extracellular) 

(IU/ml) 
(Intracellular) 

(IU/ml) 

Sucrose 
Concentration (g/L) 

Fermentation 
Time (h) 

pH 
Inoculum 

Size (%w/v) 
Agitation 

(rpm) 
Actual 
value 

Predicted 
value 

Actual 
value 

Predicted 
value 

Actual 
value 

Predicted 
value 

X1 X2 X3 X4 X5 

30 0 0 0 2.378 0 36.816 41.301 26.689 26.327 7.254 6.959 
31 0 -2.378 0 0 0 70.295 72.820 51.272 48.960 4.366 4.765 
32 1 -1 1 -1 1 32.848 30.989 24.877 27.669 13.470 12.622 
33 1 1 1 -1 1 49.313 49.592 21.257 21.883 2.514 1.743 
34 1 -1 -1 -1 1 43.253 41.069 26.722 24.170 6.853 7.423 
35 -1 1 -1 -1 1 53.717 55.638 25.627 25.572 1.044 0.575 
36 -1 -1 1 -1 1 33.127 26.954 62.335 64.313 9.084 9.352 
37 0 0 0 0 0 33.842 28.630 22.761 23.232 5.356 4.733 
38 1 1 -1 1 -1 20.811 23.149 21.023 18.626 4.084 4.506 
39 1 1 1 1 1 27.666 29.089 37.186 37.773 6.191 5.575 
40 1 -1 1 -1 -1 31.192 33.488 44.794 42.280 5.459 5.875 
41 1 1 1 1 -1 57.200 53.104 21.657 19.786 1.010 0.606 
42 -1 -1 1 1 -1 118.860 98.760 71.978 68.074 14.164 13.486 
43 1 1 -1 1 1 10.369 8.802 34.164 31.582 8.883 7.634 
44 0 2.378 0 0 0 64.184 59.983 29.520 31.582 4.514 7.634 
45 -1 -1 -1 -1 1 33.130 37.034 35.748 31.582 8.289 7.634 
46 1 -1 -1 1 1 26.456 22.839 30.374 31.582 7.111 7.634 
47 0 0 0 -2.378 0 13.568 15.960 30.624 31.582 8.289 7.634 
48 0 0 0 0 0 32.653 28.630 24.106 31.582 7.999 7.634 
49 0 0 0 0 0 34.291 28.630 33.634 31.582 8.614 7.634 
50 1 1 -1 -1 -1 42.521 37.144 35.752 31.582 7.508 7.634 

 
 
 

between the experimental and predicted values 
for FTase and biomass production. The adjusted 
R2 corrected the R2 value for the sample size and 
for the number of terms in the model. If there are 
many terms in the model and the sample size is 
not very large, the adjusted R2 may be noticeably 
smaller than the R2. This should be a caution 
signal as too many terms were present in the 

model (Haaland, 1989).  The plot of predicted 
versus experimental extracellular FTase activity is 
shown in Figure 4, with R2 = 0.954, thus indicating 
an excellent adequacy of the proposed model. 
 
 

Interaction of parameters  
 

The  three-dimensional  response  surface  curves  

were plotted to study the interaction among 
different parameters to find out the optimum 
condition for extracellular FTase activities. 
Intracellular FTase activity was not explained as 
the trend of the response surface plot was similar 
to extracellular FTase. Figure 5a shows the 
response of extracellular FTase with respect to 
initial sucrose concentration and agitation. An 
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Table 3. ANOVA for response surface quadratic model. 
 

Source of variations Sums of squares Degrees of freedom Mean square F-value Significance (P value) 

Extracellular (YEXT)      
Regression 14569.53 15 971.30 47.10 <0.0001 
Residual 701.10 34 20.62   
Pure Error 120.79 7 17.26   
Lack of Fit 580.31 27 21.49 1.25 0.4079 
Total 18068.5 49    
      
Intracellular (YINT)      
Regression 5779.02 16 361.19 33.21 <0.0001 
Residual 358.86 33 10.87   
Pure Error 107.94 7 15.42   
Lack of Fit 250.92 26 15.42   
Total 6137.88 49 9.65 0.63 0.8196 
      
Biomass (YB)      
Regression 515.04 13 39.62 44.68 <0.0001 
Residual 31.92 36 0.89   
Pure Error 13.53 7 1.93   
Lack of Fit 18.39 29 0.63 0.33 0.9843 
Total 546.96 49    

 

Extracellular: R2, 0.9541; adjusted R2, 0.9338; predicted R2, 0.8934; Intracellular: R2, 0.9415; adjusted R2, 0.9132; predicted R2, 0.8699; 
Biomass: R2, 0.9416; adjusted R2, 0.9026; predicted R2, 0.8677. 

 
 
 

 
 
Figure 4. Plot of predicted versus experimental for extracellular FTase activity. 
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Figure 5. Interaction of fermentation parameters between (a) initial sucrose 
concentration and agitation, (b) pH and agitation, and (c) fermentation time 
and inoculum size,  



 
 
 
 
increase in agitation speed from 200-300 rpm with initial 
sucrose concentration 10-20 g/l induced the extracellular 
FTase activity to 35.15 IU/ml. However, the enzyme 
activity tends to reduce as the concentration of sucrose 
increased to 60 g/l though the agitation speed was higher 
(300 rpm). According to the study of Chen and Liu 
(1996), sucrose was the best inducer for β-
fructofuranosidase (FFase) or β-D-fructosyltransferase 
(FTase) production by A. japonicas TIT-90076 and 
enzyme yield was suppressed at initial sucrose 
concentrations greater than 25%.  It is well known that 
with increase in the sucrose concentration, the osmotic 
pressure also increased, thus eventually increasing the 
percentage of cell fractures (Quan et al., 2008). Previous 
study also indicated that some microorganisms grew best 
in medium that has slightly lower osmotic concentration 
than its own because this facilitated the diffusion of 
nutrients into the cells (Okafor, 2007). According to the 
study of Sangeetha et al. (2004b), maximum enzyme 
activity decreased at higher sugar concentration. At lower 
sucrose concentration, the reaction proceed faster thus 
producing more FTase (Mukherjee et al., 2008). This is in 
agreement with the results of other researcher (Tucker 
and Thomas, 1994; Antosova et al., 2008) who used 
Aspergillus japonicas, Aureobasidium pollulans and 
Aspergillus niger ATCC 20611 as their tested strain using 
sucrose as a substrate. 

For the effects of agitation on extracellular FTase 
(Figure 5a), the higher the agitation speed, the higher the 
FTase activity. According to the study of Lee and Chen 
(1997), enzymes seemed to be affected by higher 
agitation speed as it may increase shearing effects into 
the cells. Moreover, the higher the agitation speed 
increased, the higher the amount of dissolve oxygen and 
dispersion of macromolecules in the medium. It might 
therefore have contributed to greater growth and enzyme 
production (Seth and Chand, 2000). However, the 
shearing effect induced by the higher agitation speed on 
the cells and enzyme inactivation may sometimes 
contributed negatively towards cell growth and enzyme 
stability (Seth and Chand, 2000; Lejeune and Baron, 
1995). In fact, similar result can also be observed in this 
study. 

In Figure 5b, an inclined form of three dimensional plot 
inferred that interaction between pH and agitations were 
evident with significant linear correlations. Higher 
extracellular FTase activity obtained at pH 6.25-7.00, is 
fairly similar to that of FTase or FFase from Arthrobacter 
enzyme (pH 6.5-6.8) but different from FTase or FFase 
from A. japonicas, A. niger, Penicillium and 
Aureobasidium (pH 5.0-6.0) (Lee et al., 1982; Chen and 
Liu, 1996; Lee and Chen, 1997; Sangeetha et al., 2004b). 
Generally, the effect of pH on microbial growth may be 
attributed to the hydrogen (H+) ion concentration. H+ can 
be considered as substrate under the pH range of 6.0 - 
7.0 but act as inhibitor under acidic and alkaline pH. 
Additionally, the enzyme has almost no transfructosylating 
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activity below pH 3.0 or above pH 10.0 (Sautour et al., 
2003). 

Inoculum size is another notable feature that influenced 
the FTase activities. As can be seen in Figure 5c, two 
interaction options were observed, in which, higher 
extracellular FTase activity were detected either at higher 
inoculums size with short fermentation time or lower 
inoculums size with longer fermentation time. Sangeetha 
et al. (2004b) reported that an optimal inoculum size in 
the fermentation process should be provided, as lower 
inoculum density may give insufficient biomass, whereas 
a higher inoculum density may produce too much 
biomass which depleted the nutrients necessary for the 
product formation. Generally, enzyme production attains 
its peak when sufficient nutrients were available to the 
biomass. Conditions with a misbalance between nutrients 
and proliferating biomass resulted in decreased enzyme 
synthesis (Shafiq and Haq, 2002). In other words, the 
critical inoculums level apparently depended on spore 
preparation, germinability, conditions during germination 
and medium composition (Tucker and Thomas, 1994). 
Similar results were also obtained in the present study, 
whereby, the highest FTase activity was 93.712 IU/ml at 
higher inoculums size within 12 h of the fermentation 
period. At lower inoculums size (1 % w/v), the highest 
FTase activities at 13.568 IU/ml was detected after 72 h. 
A decline in enzyme activity after 72 h of fermentation 
could be either due to decrease in nutrient availability in 
the medium, catabolic repression of the enzyme or the 
lag time. Antasova et al. (2002) reported that maximum 
FTase production was achieved on the 98 h, however in 
this study, the highest FTase activity was detected after 
12 h of the fermentation period. This is more significant 
as compared to previous researchers as reduction of 
cultivation time reduced the cost of FTase production. 
 
 

Validation of the models 
 

In order to validate the adequacy of the model equations 
(Equations 1, 2 and 3), a total of five verification 
experiments for each response (extracellular, intracellular 
and biomass) were carried out under various 
fermentation conditions as presented in Table 4. The 
validation data were separately analyzed using the 
Design Expert ver. 6.0.6 statistical software (Stat-Ease 
Inc, Minneapolis, MN). The correlation coefficients (R2) 
between the experimental and predicted values were 
0.954 and 0.942 for extracellular and intracellular FTase 
and 0.942 for cell biomass, with a significant level of p < 
0.0001. The results of analysis indicated that the 
experimental values are in agreement with the predicted 
ones, and also suggested that the models of the 
equations were satisfactory and accurate.  
 
  
Conclusions 
 

To date, no reports are available in literature regarding 
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Table 4. Validation of the data and models constructed. 
 

Run A B C D E 
FTase activity (extracellular) FTase activity (intracellular) Biomass concentration 

Exp Predicted Error (ε) Exp Predicted Error (ε) Exp Predicted Error (ε) 
1 20 48 6 15 150 107.96 98.76 -0.093 71.978 68.074 -0.057 14.164 12.788 -0.107 
2 20 48 6 15 150 101.46 98.76 -0.027 69.867 68.074 -0.026 13.212 12.788 -0.033 
3 20 48 6 15 150 97.912 98.76 0.009 70.565 68.074 -0.036 11.452 12.788 0.104 
4 20 48 6 15 150 99.873 98.76 -0.011 68.792 68.074 -0.011 12.854 12.788 0.005 
5 20 48 6 15 150 98.888 98.76 -0.013 69.243 68.074 -0.017 12.482 12.788 0.023 

 
 
 

the optimization of fermentation parameters for 
FTase production using RSM by P. simplicis-
simum. Therefore, this study will serve as a base 
line of the initial studies in this field. Through this 
optimization, the optimal conditions for maximum 
FTase activity were sucrose 20 (w/v), fermen-
tation time of 36 h, pH 6, inoculum size of 15% 
(w/v) and 150 rpm rate of agitation. The 
developed parameters showed higher extracel-
lular FTase activity of 118.86 IU/ml as compared 
to unoptimized parameters at 92.76 - 99.46 IU/ml.  
It should be noted here that the activities were 
obtained from crude enzyme that had not been 
purified and strain which did not go through any 
strain improvement step. 
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