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Abstract:  Response surface methodology (RSM) was used to optimize the cultivation conditions for the production of phytase by 
recombinant Escherichia coli DH5α. The optimum predicted cultivation conditions for phytase production were at 3 hours seed age, 
a 2.5% inoculum level, an L-arabinose concentration of 0.20%, a cell concentration of 0.3 (as measured at 600 nm) and 17 hours 
post-induction time with a predicted phytase activity of 4194.45 U/mL. The model was validated and the results showed no signifi-
cant difference between the experimental and the predicted phytase activity (P = 0.305). Under optimum cultivation conditions, the 
phytase activity of the recombinant E. coli DH5α was 364 times higher compared to the phytase activity of the wild-type producer, 
Enterobacter sakazakii ASUIA279. Hence, optimization of the cultivation conditions using RSM positively increased phytase produc-
tion from recombinant E. coli DH5α.
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Introduction
Phytate, the salt form of phytic acid (myo-inositol 
1, 2, 3, 4, 5, 6-hexakis dihydrogen phosphate), is the 
primary and major storage form of organically bound 
phosphorus in many plant-based foods such as  cereals 
and legumes.1 It accounts for 30% of total phosphorus 
in roots (eg, cassava), and 60%–80% of total phos-
phorus in plants seeds and cereals (eg,  oilseeds, corn, 
wheat, barley and etc.).2 Phytic acid acts as an anti-
nutritional factor in human and animal diets as it can 
bind to many minerals including phosphorus, calcium, 
zinc, magnesium and copper, forming insoluble salts.3 
It also can form a complex with proteins and cause 
them to become more resistant to proteolytic enzymes 
such as pepsin and trypsin. Thus, phytic acid reduces 
the availability of all minerals, including phytate 
phosphorus, to simple stomach animals (monogastric 
animals) since they lack or have an absence of phytase 
enzymes in their gastrointestinal tracts.4–6

Phosphorus is important in the diet of pigs and poul-
try because it is needed for maturity and maintenance 
of the skeletal system. Phosphorus is also involved 
in carbohydrate and fat metabolism. It is a part of the 
phospholipid bilayer within cell membranes, and is a 
component of adenine triphosphate (ATP) and creati-
nine phosphate for energy metabolism.7 Since phytase 
(myo-inositol hexakisphosphate phosphohydrolase) is 
able to hydrolyze phytate complexes (IP6) into lower 
inositol phosphate (IP5-IP1), inorganic phosphorus 
and other minerals,8,9 the addition of phytase as an 
alternative to inorganic phosphate supplementation 
in monogastric animal diets might reduce fecal phos-
phate excretion by up to 50%.10

Apparently, the use of phytase in foods has 
also become of great interest to many scientific 
 communities.11 The supplementation of phytase might 
increase protein digestibility and mineral availability 
during digestion in the stomach or during food pro-
cessing such as soaking, grinding, malting, fermenta-
tion, heat treatment and germination.1,12–14

Phytase can be isolated from various sources 
such as microorganisms, plants and certain animal 
tissues.6,13 Based on the great potential and value of 
phytase, many studies have been performed in order 
to increase phytase production. Response surface 
methodology (RSM) has been widely and effectively 
used to study the various factors that affect phytase 
production, such as the composition of media and 

induction conditions.15–17 Response surface method-
ology has an advantage in that it includes interactions 
between variables compared to the one-variable-at-a-
time technique; thus, it signifies the full effect of all 
parameters on the experimental process.18,19

Recombinant phytase is produced by inserting a 
phytase gene into a new host strains prior to gene 
expression using certain promoter system. Type of 
strain use, substrate, growth conditions and nutri-
ents may affect the production of phytase.20 Basi-
cally, E. coli  has been widely used as a host for the 
recombinant protein production including phytase 
because of its rapid and easy to growth as well as 
possessed recognized characteristics.21,22 In addition, 
the promoter system as well influences the selec-
tion of an expression host.23 For example, E. coli  
DH5α can be integrated with the expression vector 
that been attached with araBAD promoter, such as 
pBAD-TOPO vectors and E. coli  BL21(DE3) with 
the expression vector contained T7 promoter as an 
example of pET vectors.

In this study, ES-TOPO plasmid vector was previ-
ously constructed by co-researchers at International 
Islamic University Malaysia (IIUM), Malaysia with 
stop codon prior to transform into competent E. coli  
DH5α host cells. The genotype of E. coli  DH5α 
(F- Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 
endA1 hsdR17 (rK-mK+) phoA supE44 λ- thi-1 
gyrA96 relA1) contained many mutations, thus pro-
vide many excellent properties to be an expression 
host. The most significant mutations are  lacZDelta 
M15 mutation that allows for the blue/white screen-
ing for recombinant cells, recA1 mutation may 
reduce homologous recombination for a more stable 
insert, endA1 mutation may reduce endonuclease 
digestion of plasmid for higher plasmid yield and 
hsdR17(rK-mK+) may reduce the activity of EcoK 
restriction enzyme.24 

Thus, E. coli  DH5α is a stable host strain for 
an expression of foreign gene. In addition, the sta-
bility of plasmid was observed for more than 16 h 
after induction with L-arabinose (Nuge, unpublished 
data). ES-TOPO plasmid vector derived from the 
pBAD-TOPO vector integrated with phytase gene 
of E. sakazakii ASUIA279. The ES-TOPO plasmid 
was incorporated with the araBAD promoter (PBAD) 
for the regulation of phytase gene expression. In the 
PBAD system, L-arabinose was used as an inducer 
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while glucose was a repressor for protein expression 
and the optimum concentration of L-arabinose need 
to optimize in each strain.  Several advantages were 
obtained when using PBAD promoter system such as 
the system permit a high level of recombinant protein 
production and L-arabinose is a low-cost inducer.25 
Thus, by using this expression system, it may reduce 
the cost for commercial application.

Finally, the goal of the current study was to predict 
the optimum settings of each independent  variable: 
seed age (hours), inoculum level (%, v/v), time of 
induction (by measuring the cell concentration at 
600 nm), L-arabinose concentration (%, w/v) and 
post-induction time (hours). This occurred under cul-
tivation conditions in order to increase the phytase 
production of recombinant E. coli DH5α carrying 
an ES-TOPO plasmid inserted by an E. sakazakii 
ASUIA279 phytase gene, using the statistical optimi-
zation method of RSM on a laboratory scale.

Materials and Methods
Chemicals
Phytic acid as a dodecasodium salt was purchased 
from Sigma Chemical Co. (St. Louis, MO, USA). All 
other chemicals and media were products of Merck 
(Darmstadt, Germany). All reagents were analytical 
grade.

Bacterial culture and expression system
A glycerol stock of E. coli DH5α that was previously 
transformed with an ES-TOPO plasmid carrying 
the phytase gene from E. sakazakii ASUIA279 was 
provided by the Department of Biotechnology Engi-
neering, International Islamic University Malaysia 
(IIUM) and stored at -80 °C. This culture was used as 
the expression host for phytase production (U/mL). 
The phytase was expressed as an intracellular enzyme 
from the ES-TOPO plasmid by arabinose induction 
under the regulation of PBAD.

Fermentation conditions  
for phytase production
E. coli DH5α cells were incubated for 24 hours at 
37 °C on a Luria-Bertani (LB) agar plate supple-
mented with 100 µg/mL ampicillin, using a Mem-
mert incubator (Schwabach, Germany). The plate 
was incubated in the inverted position to prevent con-
densation, which can affect bacterial growth. After 

the  incubation period, a single colony (Fig. 1) was 
inoculated into 10 mL LB broth supplemented with 
100 µg/mL ampicillin in an Erlenmeyer flask using 
a sterile inoculation loop and was aerobically grown 
at 37°C with agitation at 200 rpm for the saturated 
culture preparation, using an incubator shaker, model 
SI-600 (JEIO TECH, Seoul, Korea). Following this, 
10% (v/v) of this culture was sub-cultured into a new 
LB broth supplemented with 100 µg/mL ampicillin 
in an Erlenmeyer flask and grown under the same 
conditions as above for the 3 to 11 h seed age prepa-
ration. Then, 2.5% to 7.5% (v/v) of this culture was 
used as an inoculum for the fermentation conditions. 
The bacterial culture was grown in a 500 mL Erlen-
meyer flask containing 100 mL fermentation medium 
supplemented with 100 µg/mL  ampicillin. Fermenta-
tion media used for the phytase production was pre-
pared according to Nuge, (unpublished data). The 
culture was induced with different levels of L-arabi-
nose concentrations: 0.002, 1% and 2%, respectively 
when the cell concentration of the growing bacterial 
culture reached ODs of 0.3, 0.5 and 0.7 (equivalent 
to 3.8 × 108 - 1.0 × 109 CFU/mL cells), as assessed 
by measuring at 600 nm. Finally, the cultures were 
harvested at different time intervals between 2.5 and 
17.5 h after induction.

enzyme extraction using ultrasonication
The bacterial cells were harvested by centrifuga-
tion of the fermentation media at 11,500 rpm for 

Figure 1. Colonies development of E. coli Dh5α after 24 h incubation 
at 37 °C.

Microbiology Insights 2013:6 19

http://www.la-press.com


Ariff et al

20 minutes (min) at 4°C using a Sigma 3–18 K cen-
trifuge  (Sartorius Stedim, Göttingen, Germany). 
Then the bacterial  pellet was collected and dissolved 
in 100 mM of sodium acetate buffer, pH 5, and the 
cells were disrupted using a 150 V/T ultrasonic 
homogenizer (Biologics Inc., Manassas, Virginia, 
USA) equipped with a stepped titanium microtip, 
3.9 mm in diameter and 255.8 mm in length. The cells 
were disrupted for 30 seconds (sec) with 30 sec cool-
ing periods for 1 min with 30 Watt acoustic power 
and a 50% duty cycle at 20 kHz. The samples were 
kept in an ice bath during the ultrasonication process 
to prevent overheating, thus preventing the proteins 
from denaturing.26,27 Following this, the sonicated 
cells were centrifuged at 11,000 rpm, 4 °C, for 30 min 
to remove the cell debris. This was done with the aid 
of a Sigma 3–18 K centrifuge (Sartorius Stedim, 
 Göttingen, Germany). The supernatant was collected 
and assayed for phytase activity (U/mL). The suitable 
processing volume for this probe ranged from 300 µL 
to 15 mL.

Measurement of phytase activity
The assay mixture consisted of 299 µL of 100 mM 
sodium acetate buffer (pH 5) and 100 µL of 3.6 mM 
sodium phytate.28 The assay mixture was pre-
 incubated at 50°C for 5 min using a shaking water 
bath (PROTECH®, Selangor, Malaysia). Further-
more, the enzymatic reaction was started by add-
ing 1 µL of the enzyme solution that was previously 
diluted in 100 mM of sodium acetate buffer, pH 5. 
The assay mixture was further incubated at 50°C for 
30 min. Then, the inorganic liberated phosphate was 
measured according to an ammonium molybdate 
method29 with some modifications.30 A 1.5 mL of a 
freshly prepared stop solution consisting of acetone: 
5N H2SO4:10 mM ammonium molybdate (2:1:1 v/v) 
was added to the assay mixture before adding 100 µL 
of 1 M citric acid. Any cloudiness was removed by 
centrifugation prior to measuring the absorbance at 
355 nm. In order to calculate the enzyme activity, a 
calibration curve was produced over the range of 500–
600 mmoL phosphate (ε = 8.7 cm2/nmoL). Activity 
(units) was expressed as 1 µmoL inorganic phosphate 
liberated in 1 min under assay conditions.31,32 Stop 
solution was added to the assay mixture prior to add-
ing the enzyme for the blank run. The reaction was 
performed in triplicate.

response surface methodology (rSM)
The face-centered central composite design (FCCCD) 
under the response surface methodology (RSM) 
was used to optimize the cultivation conditions for 
 intracellular phytase production (U/mL) from recom-
binant E. coli DH5α involving five independent vari-
ables, namely: seed age (hours), inoculum level (%, 
v/v), L-arabinose concentration (%, w/v), induction 
time (cell concentration by measuring at 600 nm) 
and post-induction time (hours). Minitab™ version 
15.0 software (Minitab Inc., PA, USA) was used 
for the experimental design and statistical analysis. 
The average value of phytase activity (U/mL) repre-
sented by ŷ  was measured as a response throughout 
the experiment. The independent variables and the 
range were chosen based on previous studies per-
formed by Sunitha et al16 and Pan et al,33 with some 
 modifications.34 The independent variables and the 
ranges were first screened using a fractional factorial 
design. Based on the screening study, factors includ-
ing seed age (x1), inoculums level (x2), induction time 
(by measuring the cell concentration at 600 nm; x3), 
L-arabinose concentration (x4) and post-induction 
time (harvesting time; x5) were shown to be highly 
significant and largely contributed to phytase pro-
duction (U/mL) produced from recombinant E. coli 
DH5α (unpublished data). Thus, the levels of each 
independent variable were further optimized using 
FCCCD under RSM. Table 1 shows the range of 
both the coded and original values of the five inde-
pendent variables measured in the experiment. The 
face- centered central composite design (FCCCD) 
was used at three levels; low, central and high 
(-1, 0, and +1), leading to a total of 32 experimental 
runs together with six replicates at the central point 

Table 1. experimental range and levels of the independent 
variables used for the optimization of phytase production 
from recombinant E. coli Dh5α.

Variable symbol  
coded

Level
-1 0 1

Seed age (hours) x1 3 7 11
Inoculums level (%, v/v) x2 2.5 5 7.5
L-arabinose  
concentration (%, w/v)

x3 0.002 1 2

Induction time (cell  
concentration at 600 nm)

x4 0.3 0.5 0.7

harvesting time (hours) x5 2.5 10 17.5
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Table 2. Face centered central composite design (FCCCD) for the optimization of phytase production from recombinant 
E. coli Dh5α showing the corresponding experimental and predicted phytase activity (U/mL).

Run  
order

seed  
age (h)

Inoculums  
level (%, v/v)

L-arabinose  
conc. (%, w/v)

cell conc.  
at 600 nm

Harvesting  
time (h)

phytase activity (U/mL)
experimental predicted

1 3 (-1) 7.5 (+1) 2 (+1) 0.7 (+1) 2.5 (-1) 533.65 662.38
2 7 (0) 5 (0) 0.002 (-1) 0.5 (0) 10 (0) 2277.57 2433.86
3 7 (0) 5 (0) 2 (+1) 0.5 (0) 10 (0) 1031.55 696.46
4 3 (-1) 7.5 (+1) 0.002 (-1) 0.3 (-1) 2.5 (-1) 571.95 833.81
5 3 (-1) 2.5 (-1) 0.002 (-1) 0.7 (+1) 2.5 (-1) 1363.48 1568.10
6* 7 (0) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1657.11 1565.16
7 7 (0) 5 (0) 1.001 (0) 0.5 (0) 17.5 (+1) 1437.53 2049.57
8* 7 (0) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1271.56 1565.16
9 3 (-1) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1289.43 1423.60
10* 7 (0) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1953.30 1565.16
11 7 (0) 5 (0) 1.001 (0) 0.7 (+1) 10 (0) 1271.56 1662.90
12 7 (0) 5 (0) 1.001 (0) 0.3 (-1) 10 (0) 1835.85 1467.43
13 11 (+1) 7.5 (+1) 2 (+1) 0.3 (-1) 2.5 (-1) 824.73 827.28
14 3 (-1) 2.5 (-1) 0.002 (-1) 0.3 (-1) 17.5 (+1) 5017.30 4620.39
15* 7 (0) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1445.19 1565.16
16 7 (0) 5 (0) 1.001 (0) 0.5 (0) 2.5 (-1) 194.82 249.56
17 11 (+1) 2.5 (-1) 0.002 (-1) 0.7 (+1) 17.5 (+1) 4123.63 4213.63
18 11 (+1) 7.5 (+1) 0.002 (-1) 0.7 (+1) 2.5 (-1) 1833.29 1235.18
19 7 (0) 7.5 (+1) 1.001 (0) 0.5 (0) 10 (0) 1618.81 2205.27
20* 7 (0) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1598.39 1565.16
21 11 (+1) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 2106.50 1706.73
22 11 (+1) 7.5 (+1) 2 (+1) 0.7 (+1) 17.5 (+1) 1440.08 1375.03
23 11 (+1) 7.5 (+1) 0.002 (-1) 0.3 (-1) 17.5 (+1) 3916.81 4287.46
24* 7 (0) 5 (0) 1.001 (0) 0.5 (0) 10 (0) 1710.73 1565.16
25 3 (-1) 2.5 (-1) 2 (+1) 0.7 (+1) 17.5 (+1) 773.66 745.35
26 11 (+1) 2.5 (-1) 2 (+1) 0.3 (-1) 17.5 (+1) 1613.71 1718.38
27 3 (-1) 7.5 (+1) 2 (+1) 0.3 (-1) 17.5 (+1) 1013.67 819.18
28 3 (-1) 2.5 (-1) 2 (+1) 0.3 (-1) 2.5 (-1) 280.87 197.60
29 11 (+1) 2.5 (-1) 0.002 (-1) 0.3 (-1) 2.5 (-1) 788.98 770.40
30 7 (0) 2.5 (-1) 1.001 (0) 0.5 (0) 10 (0) 2259.70 2340.03
31 11 (+1) 2.5 (-1) 2 (+1) 0.7 (+1) 2.5 (-1) 1514.13 1561.58
32 3 (-1) 7.5 (+1) 0.002 (-1) 0.7 (+1) 17.5 (+1) 4769.63 4277.03

note: *Central point.

(Table 2) to predict the optimum cultivation condi-
tions for phytase production (U/mL). Replication at 
the central point is important in order to determine 
the curvature and the pure error sum of squares. The 
experimental runs were performed at  random across 
three replications. The experiment aimed to predict 
the optimum settings for each independent variable 
that yielded the desirable response and to determine 
the interaction effects of each variable.35

Statistical analysis
The experimental data were subjected to a regres-
sion analysis using the statistical software men-
tioned above. The general form of the second order 

polynomial regression model used to explain phytase 
production was as follows:

 
2

0ˆ i i ii i ij i jy x x x xβ β β β= + Σ + Σ + Σ  (1)

where ŷ  is the predicted response (phytase produc-
tion), β0 is a constant, and βi, βii and βij are the linear, 
quadratic and interaction term estimated coefficients, 
respectively. Theoretically, based on the estimated 
regression coefficient table, the final reduced model 
should only consist of the significant terms (P , 0.05). 
However, in some cases, non-significant (P . 0.05) 
variables are also included in the final reduced model. 
For example, the main terms are included in the 
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final reduced model if the higher-order terms of this 
variable are found to be statistically significant.35 
The analysis of variance (ANOVA) including the 
F-value, the lack of fit test (LOF) and the  coefficient 
of determination, R2, were used to  determine the 
 appropriate model. The ‘response optimizer’ in 
 Minitab™ version 15.0 software (Minitab Inc., PA, 
USA) was used to predict the optimum setting for 
each independent variable that contributed to the 
optimum predicted response.36 In addition, response 
surface plots were also used to represent the interac-
tion effects of the significant variables represented by 
the model’s equation.

Validation of the statistical model
A validation study for the regression analysis of the 
experimental data was performed by running the 
experiment in triplicate under the optimized condi-
tions predicted by the face-centered central compos-
ite design (FCCCD) by using the method described 
above.33,37,38 The enzyme was extracted and assayed 
for phytase activity (U/mL).

Results and Discussion
response surface methodology (rSM): 
optimization of the cultivation  
conditions for phytase production
The FCCCD was used to determine the estimated opti-
mum settings of each variable for phytase production 
(U/mL) from recombinant E. coli and to determine 
the interaction effects among those  variables. The 
results for the central composite design are shown in 
Table 2. A total of 32 experimental runs and six repli-
cates at the central point, together with experimental 
(U/mL) and predicted phytase activity (U/mL), were 
included. The experimental data were analyzed using 
a multiple regression analysis. The regression coef-
ficient shown in Table 3 was used to present the poly-
nomial regression equation. The final reduced model 
of the polynomial regression equation was used to 
estimate phytase production, as shown below:

1 2 3
2 2

4 5 2 5

1 3 3 5 4 5

ˆ 1565.16 141.57 67.38 868.70
97.74 900.01 707.48 415.60
240.65 723.87 202.03

y x x x
x x x x

x x x x x x

= + - -
+ + + -
+ - -

 (2)

 R2 adj = 0.908

Table 3. Estimated regression coefficient by face centered 
central composite design (FCCCD) using coded level of 
independent variables used for phytase production from 
recombinant E. coli Dh5α.

Term Coefficient std. error  
coefficient

T-value P-value

Constant 1565.16 99.81 15.682 0.000
x1 141.57 84.63 1.673 0.109
x2 -67.38 84.63 -0.796 0.435
x3 -868.70 84.63 -10.265 0.000*
x4 97.74 84.63 1.155 0.261
x5 900.01 84.63 10.635 0.000*
x2x2 707.48 192.13 3.682 0.001*
x5x5 -415.60 192.13 -2.163 0.042*
x1x3 240.65 89.76 2.681 0.014*
x3x5 -723.87 89.76 -8.064 0.000*
x4x5 -202.03 89.76 -2.251 0.035*

note: *P-value , 0.05, indicates the significant of the coefficient to the 
model.

where ŷ  represents the predicted response (phytase 
production) while x1, x2, x3, x4, and x5 are the coded 
values of the five independent variables.

Based on the results displayed in Table 3, the sig-
nificant terms from the main effects for phytase pro-
ductions are x3 (L-arabinose concentration) and x5 
(post-induction time). In addition, the significant qua-
dratic terms for phytase production are x2

2  (inoculum 
level, inoculum level) and x5

2 (post-induction time, 
post-induction time). Meanwhile, the interaction 
terms x1x3 (seed age, L-arabinose concentration), 
x3x5 (L-arabinose concentration, post-induction time) 
and x4x5 (induction time, by measuring the cell con-
centration at 600 nm, post-induction time) were also 
significant. These significant factors are very impor-
tant, as phytase production will be affected by even 
the smallest variation in their values. In this study, the 
significant terms included in the final reduced model 
of the second order polynomial regression equation 
were selected using a backward elimination method. 
Starting with full quadratic terms, it involved a step-
wise elimination of the non-significant terms where 
the most non-significant term will be eliminated first. 
The next subsequent steps followed the same pro-
cedure until there remained only significant terms 
(P , 0.05). The final reduced model of the second 
order polynomial regression equation (2) should only 
consist of the significant terms (P , 0.05). However, 
the non-significant main terms (P . 0.05): x1, x2 and 
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Table 4. ANOVA table for the phytase production from recombinant E. coli Dh5α using face centered central composite 
design (FCCCD).

source DF sum of square Mean square F-value P-value
regression 10 40588723 4058872 31.49 0.000*
 Linear 5 28778185 5755637 44.65 0.000*
 Square 2 1847046 923523 7.16 0.004*
 Interaction 3 9963492 3321164 25.76 0.000*
residual error 21 2707151 128912
 Lack-of-fit 16 2435183 152199 2.80 0.130
 Pure error 5 271968 54394
Total 31 271968    

notes: Coefficient of determination, R2 = 0.938, R2 (adjusted) = 0.908. *P-value , 0.05.
Abbreviation: DF, degree of freedom.

x4 were also included as their higher order terms are 
found to be statistically significant in this study.

The analysis of variance (ANOVA) was used to fit 
the appropriate model (Table 4). The F-value of 31.49 
with a very small significant P-value (P , 0.001) 
shows that the respective model fits the data. Also, 
the non-significant lack-of-fit (LOF) value, which was 
0.130 (P . 0.05), indicates that the experimental data 
fit the model. Moreover, the high value of the coef-
ficient of determination (adjusted R2 = 0.908%) also 
shows the significance of the model. This value was 
used to refer to the sample variance in phytase produc-
tion due to seed age (hours), inoculum level (%, v/v), 
L-arabinose concentration (%, w/v), induction time 
(by measuring the cell concentration at 600 nm) and 
post-induction time (hours).  Theoretically, an R2 value 
close to 1 indicates a better correlation between the 
experimental and predicted values.39,40 Thus, in this 
study, the high value of the adjusted R2 implied a 
good agreement between the experimental and pre-
dicted values of phytase activity (U/mL), as shown 
in Table 2.

The value of P , 0.05 supports the significance of 
the model coefficient in the response surface model. 
By applying the regression analysis on Equation 2 
using the ‘response optimizer’ in Minitab™ version 
15.0 software (Minitab Inc., PA, USA), the optimum 
operating conditions for phytase production were 
 predicted as a 3 h seed age, 2.5% inoculum level, 
0.2% L-arabinose concentration, and cell concentra-
tion of 0.3, as measured at 600 nm, and 17 hours post-
induction time, with a predicted phytase activity of 
4194.45 U/mL (Fig. 2).

Furthermore, the interaction effects of the sig-
nificant variables were determined by plotting and 

analyzing response surface graphs.40 Figure 3A 
shows the interaction effect of seed age and L-arabi-
nose concentration on the phytase activity with other 
factors were kept at their central values. The highest 
phytase  activity occurred at the lower level of seed 
age and L-arabinose concentration. Basically, it was 
suggested that the effect of seed age and inoculum 
level are related to the length of the lag phase in the 
cultivation culture. Additionally, the seed age and 
inoculum level was considered as interconnected fac-
tors, and they are supposed to be optimized as one for 
the optimum level determination of each factor.41,42 In 
this study, it was suggested that the youngest culture 
of E. coli cells reached an exponential phase of the 
growth cycle and resulted in a short lag phase dur-
ing its growth in a newly inoculated fermentation 
medium. Meanwhile, the higher seed age culture may 
have caused the slow adaptation of E. coli when inoc-
ulated in a new fermentation medium, causing a long 
lag phase during the cultivation, and possibly causing 
suppression of phytase activity.

Figure 3A shows the interaction effect of 
L- arabinose concentration and seed age. Figure 3B 
shows the interaction effect of L-arabinose concen-
tration and post-induction time on phytase activity 
at L-arabinose concentrations of 0.002%, 1.001% 
and 2%. The optimization of L-arabinose con-
centration is necessary because the PBAD that was 
incorporated in the expression vector is a highly 
regulated promoter, which means that its level of 
expression is effectively modulated by L-arabinose 
concentration.25,43,44 As shown in Figure 3A, the 
phytase activity was increased with a decrease in the 
L-arabinose concentration at any levels of seed age. 
Meanwhile, the phytase activity was increased with 
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a decrease in the L-arabinose concentration and with 
increasing of post-induction time (Fig. 3B). Moreover, 
a significant increase in phytase activity was observed 
at the lower L- arabinose concentration and higher 
post-induction time. This shows that a lower level 
of L-arabinose  concentration is probably sufficient 
to induce the phytase gene expression, and results in 
a high phytase  production at a higher post-induction 
time. Meanwhile, the higher levels of L-arabinose con-
centration may cause retardation of cell growth and 
decrease the phytase production.45

The effect of induction time (by measuring the cell 
concentration at 600 nm) and post-induction time on 
phytase activity at cell concentration levels of 0.3, 0.5 
and 0.7 is presented in Figure 3C. It shows that at the 
later of post-induction time (17.5 h), phytase activity 
increased as the cell concentration decreased (as mea-
sured at 600 nm). This could mean that induction of 
the E. coli DH5α culture with L-arabinose at the early 
exponential phase increased the phytase activity. In 
bacterial growth, the cell concentration in the exponen-
tial phase is normally between 0.3–1.5 (as measured at 
600 nm).46 However, phytase activity was decreased 
with decreasing cell concentration (as measured at 
600 nm) at the earlier post-induction time (2.5 h). This 

may due to having had inadequate time for the protein 
expression. Overall, this shows that the highest phytase 
activity occurred at a lower level of cell concentration 
and at a higher level of post-induction time.

Figure 3B presents the effect of post-induction 
time and L-arabinose concentration on phytase activ-
ity at the central level of seed age (7 h), inoculums 
level (5%) and induction time (by measuring the cell 
concentration at 600 nm; 0.5). Meanwhile,  Figure 3C 
shows the effect of post-induction time and induction 
time (by measuring the cell concentration at 600 nm) 
on phytase activity at central level of seed age (7 h), 
inoculum level (5%) and L-arabinose concentra-
tion (1.001%). Along the L-arabinose concentration, 
phytase activity was increased with increasing of 
post-induction time. Indeed, it is clearly shown that 
the highest phytase activity occurred at the lower 
L-arabinose concentration and higher post-induction 
time (Fig. 3B). Under good fermentation condi-
tions, the longer post-induction time might provide 
an extended time for the protein synthesis to occur, 
thus producing high phytase activity.  However, the 
lower phytase activity achieved at the lower post-
induction time perhaps due to insufficient time for 
protein  formation. In addition, Figure 3C shows that 

Composite
desirability
0.83016

New
D

0.83016

High
Cur
Low

Seed age
11.0
[3.0]
3.0

Inoculum level
7.50
[2.50]
2.50

L-arabinose conc.
2.0

[0.2023]
0.0020

Cell conc.
0.70

[0.30]
0.30

Post-induction time
17.50

[17.0008]
2.50

Y
Maximum

y = 4194.4532
d = 0.83016
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the phytase activity increased with increasing of 
post-induction time (hours) along with the induction 
time (by measuring the cell concentration at 600 nm). 
 Basically, the optimum post-induction time/ harvesting 
time is highly influenced by the other factors such as 
inducer concentration and induction time during the 
fermentation.

Validation of the statistical model
A student’s t-test was performed to determine the 
significance difference between the experimen-
tal and predicted levels of phytase activity (U/mL). 
The experimental data were obtained from tripli-
cate experiments performed under optimized cul-
tivation conditions, while the predicted phytase 
activity (U/mL) was the result of regression model. 
The value of P = 0.305 indicates that there was no 
significant difference between the experimental 
(3890.43 ± 386 U/mL) and predicted levels of phytase 
activity (4194.4532 U/mL).

The results showed that by optimizing these vari-
ables, the production of phytase (4194.4532 U/mL) 
from recombinant E. coli DH5α was higher com-
pared to phytase production under optimized con-
ditions of 39.7°C incubation temperature, pH 7.1, 
13.6% (w/v) rice bran, agitation speed and aeration 
at 320 rpm and 0 vvm in E. sakazakii ASUIA279 
(11.511 U/mL). This condition also may reduce the 
fermentation time, as the highest phytase activity 
was found at 17 h post-induction time compared to 
5 days in E. sakazakii ASUIA279.47 The fermenta-
tion medium used in this study allowed the bacterial 
culture to maintain its growth phase for a long dura-
tion, thus enabling its growth and induction overnight 
before the cell was harvested in the early hours of the 
following day.48 Using this method, the culture can be 
freshly used without the need to freeze and thaw it 
first, as was necessary with the Luria-Bertani (LB) 
medium, from which the cells were harvested 3 to 
6 hours after induction.49 Also, based on the prelimi-
nary study, this medium showed high phytase activity 
compared to the commercial LB medium. The results 
obtained were comparable with studies performed by 
other researchers33,16 who reported that after optimiz-
ing seed age, inoculum level, substrate concentration, 
cell concentration and post-induction time, phytase 
production from the recombinant E. coli BL21 (DE3) 
was successfully increased. Thus, these variables 

play an important role in the production of phytase 
from recombinant Escherichia coli. Other studies 
also showed that RSM is a valuable tool for optimiz-
ing phytase production.15–17

Previously, E. sakazakii ASUIA279 has been dem-
onstrated to be the most promising strain for produc-
ing phytase as compared to other isolates, including 
Pantoea stewartii ASUIA271 and  Bacillus cereus 
ASUIA260.28 These were newly isolated strains from 
the endophyte area of maize plantation in Malaysia. 
To our knowledge, not much information is reported 
on the expression of phytase genes derived from  
E. sakazakii in E.coli. Extracellular phytase produced 
by E. sakazakii ASUIA279 has been characterized 
and shows potential properties as feed additives or 
soil nutrient  enhancement.50 Since the optimiza-
tion of phytase production in wild-type E. sakazakii 
ASUIA279 produces low activity,47 phytase produc-
tion in E. coli DH5α was aimed to overcome this 
problem. In addition, Enterobacter sp. was com-
monly known as a strain of pathogens that can cause 
serious illness such as neonatal meningitis.51 There-
fore, the integration of the E. sakazakii ASUIA279 
phytase gene into E. coli DH5α may be able to pre-
vent the risk of pathogenic effects Enterobacter sp. 
Results presented here showed that E. coli DH5α was 
successfully used for the improvement of phytase 
production under a lab scale. Thus, study of the E. 
sakazakii ASUIA279 phytase gene may have great 
potential for the  Malaysian enzyme industry.

conclusions
This was the first attempt to optimize the cultivation 
conditions for phytase production from recombi-
nant E. coli DH5α carrying the phytase gene from 
E. sakazakii ASUIA279, isolated from Malaysian 
maize roots. The RSM was successfully used to predict 
the optimum settings for each independent variable, 
which all contributed to the high level of predicted 
phytase activity of 4194.45 U/mL. This indicated that 
optimization of the cultivation conditions for E. coli 
DH5α produced a high level of phytase production 
compared to the wild-type producer E. sakazakii 
ASUIA279. By using the expression system in  
E. coli DH5α, high phytase activity was obtained only 
after induction for 17.0 hours compared with 5 days 
as reported for E. sakazakii ASUIA279. Therefore, 
production of phytase in a recombinant E. coli DH5α 
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system under optimum cultivation conditions helps 
to reduce the fermentation time. The fermentation 
media also influenced bacterial growth and product 
formation. By using optimum cultivation conditions 
obtained in this study, phytase production by E. coli 
DH5α may be taken to a greater scale using large-
scale bioreactor system for industrial purposes, by 
taking other parameters into consideration. Overall, 
this study successfully increased the production of 
phytase by recombinant E. coli DH5α.
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