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High level phytase production by Aspergillus niger NCIM 563
in solid state culture: response surface optimization, up-scaling,
and its partial characterization
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Abstract Phytase production by Aspergillus niger NCIM

563 was optimized by using wheat bran in solid state fer-

mentation (SSF). An integrated statistical optimization

approach involving the combination of Placket–Burman

design (PBD) and Box–Behnken design (BBD) was

employed. PBD was used to evaluate the effect of 11

variables related to phytase production, and five statisti-

cally significant variables, namely, glucose, dextrin,

NaNO3, distilled water, and MgSO4�7H2O, were selected

for further optimization studies. The levels of five variables

for maximum phytase production were determined by a

BBD. Phytase production improved from 50 IU/g dry

moldy bran (DMB) to 154 IU/g DMB indicating 3.08-fold

increase after optimization. A simultaneous reduction in

fermentation time from 7 to 4 days shows a high produc-

tivity of 38,500 IU/kg/day. Scaling up the process in trays

gave reproducible phytase production overcoming indus-

trial constraints of practicability and economics. The cul-

ture extract also had 133.2, 41.58, and 310.34 IU/g DMB

of xylanase, cellulase, and amylase activities, respectively.

The partially purified phytase was optimally active at 55�C

and pH 6.0. The enzyme retained ca. 75% activity over a

wide pH range 2.0–9.5. It also released more inorganic

phosphorus from soybean meal in a broad pH range from

2.5 to 6.5 under emulated gastric conditions. Molecular

weight of phytase on Sephacryl S-200 was approximately

87 kDa. The Km and Vmax observed were 0.156 mM and

220 lm/min/mg. The SSF phytase from A. niger NCIM

563 offers an economical production capability and its

wide pH stability shows its suitability for use in poultry

feed.
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Introduction

Phosphorus is an essential constituent of life like nitrogen,

but, unlike nitrogen, phosphorus does not have a cycle to

constantly replenish its supply. All animal diets must

contain adequate amounts of this element. So to meet their

phosphorus requirements, inorganic phosphorus especially

dicalcium phosphate is supplemented in the diet of live-

stock and poultry animals. This has made phosphorus the

third most expensive nutrient in poultry production after

energy and protein. At the current extraction and usage

rate, the existing phosphate reserves will be exhausted in

next 80 years [35].

Bound phosphorus (18–88% of total phosphorus con-

tent) in fact exists as phytate which is already present in

animal feed. But this phytate phosphorus is not utilized by

monogastric animals like poultry and pigs due to lack of

intrinsic phytase in their gastrointestinal tracts. Phytate in

addition acts as an antinutrient by chelating various cations

such as Ca2?, Fe2?, Zn2?, and Mg2? and thereby reducing

their bioavailability. This unutilized phytate is the origin of

phosphorus pollution as it builds up in areas of livestock

production leading to eutrophication and algal blooms [22].

So use of phytase in animal feed will stop the antinu-

tritional effects of phytate, decrease environmental
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pollution, increase availability of starch, protein, amino

acids, calcium, and phosphorus, and abolish the need for

addition of inorganic phosphate in animal feed. Phytases

are also imminent candidates for production of special

isomers of different lower phosphate esters of myo-inositol,

some of which are considered to be pharmacoactive and

important intracellular secondary messengers [33].

The US Food and Drug Administration (FDA) has

approved a ‘‘generally recognized as safe (GRAS)’’ petition

for use of phytase in food, and phytase has been marketed as

an animal feed enzyme in the US since 1996 [17]. All these

factors have concurrently made phytase the third largest feed

enzyme in terms of annual consumption [28].

There are various reports on phytase production by

bacteria, yeast, and fungi among which fungal phytases are

widely employed in animal feed due to their acid tolerance

and higher yield [34]. The existing commercial microbial

phytases produced by submerged fermentation (Smf) con-

ditions are expensive because of diluted product, produc-

tion using recombinant strains, and high product recovery

costs [15]. SSF provides a more economic alternative for

enzyme production and application as compared with Smf.

There is no defined medium for optimum production of

phytase from different microbial sources especially fungi

because each fungus has its own special conditions and

specific substrates for maximum enzyme production espe-

cially in SSF. Krishna and Nokes studied the effect of

culture conditions, particularly inoculum age, media com-

position (wheat bran and full-fat soybean flour), and

duration of SSF, on the phytase production by A. niger

[15]. Bogar et al. reported phytase production by A. ficcium

NRRL 3135, M. racemosus NRRL 1994, and R. oligos-

porous NRRL 5905 using various substrates such as canola

meal, cracked corn, soybean meal, and wheat bran [2]. But

such reports are nevertheless few because of the low pro-

ductivities and difficulties associated with operating and

up-scaling SSF conditions [3].

There is need for intensive research on SSF to develop a

commercial process for phytase production with techno-

economic feasibility. The intricacies in SSF technology can

be understood through modeling, kinetics of growth of

microbes, control of parameters, optimization, scale-up and

commercialization of the process for application. Before

carrying out these studies it is, however, necessary to

increase the phytase production and this can become sig-

nificant by employing statistical optimization techniques

rather than the conventional one variable at a time

approach. This is because statistical optimization gives the

optimum media formulation with minimum number of

experiments in a short time while also considering the

interaction between selected components [30].

Earlier, we reported phytase production by A. niger

NCIM 563 under SSF using wheat bran with no additional

nutrients [19]. The same fungus produces two dissimilar

phytases under Smf [31]. In this paper, our objective is to

evaluate the application of statistical methods to increase

the phytase activity under SSF, partial characterization, and

up-scaling to tray fermenters.

Materials and methods

Chemicals

Phytic acid sodium salt was purchased from Sigma

Chemical Company (St Louis, MO, USA). All other

chemicals used were of analytical grade. Various agricul-

ture residues were purchased from a local market.

Fungi and inoculum preparation

Aspergillus niger NCIM 563 used in the present study was

from NCIM Resource Center, Pune, India. The stock cul-

tures were maintained on potato dextrose agar (PDA) slants

and stored at 4�C. Spores from 7-day-old PDA slants were

harvested by using sterile distilled water containing 0.01%

Tween 80 to obtain 5 9 107 spores/ml and used as inoc-

ulum for SSF.

SSF in Erlenmeyer flasks

The unoptimized medium contained 10 g of agricultural

residue moistened with 10 ml distilled water in a 250-ml

Erlenmeyer flask sterilized at 121�C for 30 min (Table 1).

On cooling fermentation medium was inoculated with 1%

spore suspension and incubated for 7 days at 30�C. The

optimized fermentation medium for SSF contained 10 g of

wheat bran in a 250-ml Erlenmeyer flask plus glucose 3 g,

dextrin 1.25 g, sodium nitrate 0.2 g, magnesium sulfate

0.3 g moistened with 20 ml distilled water and sterilized by

autoclaving at 121�C for 30 min. On cooling fermentation

medium was inoculated with 1% spore suspension and

incubated for 4 days at 30�C. Enzyme production was

expressed as enzyme activity IU/g DMB. All experiments

were carried out in triplicates.

SSF in trays

Wheat bran (50, 100, 200, and 1,000 g) was moistened

with the optimized medium mentioned in ‘‘SSF in Erlen-

meyer flasks’’ in enamel-coated metallic trays having

dimensions 28 9 24 9 4 cm, 45 9 30 9 4 cm, and

80 9 40 9 4 cm. The trays were covered with aluminum

foil and sterilized at 121�C for 20 min. The cooled sub-

strate was inoculated with 1% spore suspension of A. niger

and incubated for 5 days at 30�C. Samples were withdrawn
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aseptically each day from different parts of the tray to

obtain representative composite samples.

Analytical methods

Phytase activity was measured at 50�C as described earlier

[19]. One unit of phytase activity (IU) was expressed as the

amount of enzyme that liberates 1 lmol phosphorus per

min under standard assay conditions.

Filter paper cellulase and xylanase activities were

determined as reported earlier [11]. a-Amylase activity was

determined by McCleary and Sheehan’s method [21]. The

reducing sugars were determined by using dinitrosalicylic

acid (DNS) [20]. One unit of enzyme activity was defined

as the amount of enzyme that produces 1 lmol of xylose,

glucose, or galacturonic acid/min under the assay condi-

tions. Protein concentration in the culture filtrate was

determined by the method of Lowry et al. using bovine

serum albumin as a standard [18]. Biomass determination

was carried out by measuring the glucosamine content

resulting from acid hydrolysis of the fermented substrate

[32]. Glucosamine was determined by the method of

Reissig and the dry mycelial weight was calculated by

assuming a mycelia glucosamine content of 139 mg of

glucosamine/g of dry mycelium [29].

Each experiment was carried out in triplicate and the

values reported are the mean of three such experiments.

Partial purification of phytase

The enzyme extraction from Koji was done as mentioned

by Mandviwala [19]. The filtrate obtained was subjected to

ammonium sulfate precipitation (95% saturation) with

constant stirring. The precipitate was collected by centri-

fugation (15,0009g, 20 min) and dissolved in minimum

volume of acetate buffer (100 mM, pH 6.0). The enzyme

was desalted by passing it through a Sephadex G-25 col-

umn and fractions were estimated for phytase activity.

Table 1 Properties of crude

and partially purified phytase

from A. niger NCIM 563

Enzyme Property Value

Crude Production using agriculture residues (IU/g DMB)

Ground nut cake 36.21

Coconut cake 18.28

Cotton cake 38.56

Wheat bran 50.0

Rice bran 6.8

Production in statistically optimized media

Phytase 154.8

Xylanase 133.2

Cellulase 41.58

Amylase 310.34

Up-scaling using optimized media

10 g WB in 250 ml flask 154

50 g WB in 28 9 24 9 4 cm tray 150

100 g WB in 28 9 24 9 4 cm tray 149

200 g WB in 45 9 30 9 4 cm tray 151

1,000 g WB in 80 9 40 9 4 cm tray 148

Partially purified pH

Optimum 6.0

Stability 2.0–9.5

Temperature

Optimum 55�C

Stability 20% residual activity at 60�C after 1 h

Molecular mass

Gel filtration 87 kDa

Effect of metal ions

Stimulated (5 mM) Ca2?, Fe2?, Fe3?, Ba2?, Pb2

Inhibited (1 mM) Hg2?, Ni2?, Zn2?, Cu2?, Ag2?

Km 0.156 mM

Vmax 220 lm/min/mg
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Electrophoresis

Native polyacrylamide gel electrophoresis (PAGE) (8%)

was performed at room temperature and 200 V for 2–3 h

[6]. Protein bands were visualized by silver staining [7].

Molecular weight determination by gel filtration

The molecular weight of native enzyme was estimated by

gel filtration on a Sephacryl S-200 (1 9 100 cm) column

equilibrated with 20 mM acetate buffer, pH 5.5 using

cytochrome C (12.4 kDa), carbonic anhydrase (29 kDa),

bovine serum albumin (66 KDa), alcohol dehydrogenase

(150 kDa), and b-amylase(200 kDa) as standard proteins

by the method of Andrews [1].

Characterization of phytase

The enzyme precipitated by ammonium sulfate and

desalted by Sephadex G-25 was used for characterization

of partially purified phytase. The optimum pH was deter-

mined by measuring the activity between pH 2.0 and 10.0

using 200 mM buffers: glycine–HCl (pH 2.0–3.0), sodium

acetate (pH 4.0–6.0), Tris–HCl (pH 7.0–8.0), and glycine–

NaOH (pH 9.0–10.0) at 50�C. Stability assay was per-

formed by incubating the partially purified enzyme at 30�C

for 24 h in 50 mM buffers of different pH values: glycine–

HCl (pH 2.0–3.0), sodium acetate (pH 4.0–6.0), Tris–HCl

(pH 7.0–8.0), and glycine–NaOH (pH 9.0–10.0). The

residual activity was then assayed under standard assay

conditions considering enzyme activity at zero time as

100%. The optimum temperature was determined over the

temperature range 45–60�C. The thermal stability was

studied up to 60�C and the residual enzyme activity was

determined by using standard assay conditions and com-

pared with the control without incubation.

To check the effect of metal ions, the enzyme was

incubated in the presence of 1 mM and 5 mM of various

metals ions for 30 min at 50�C under standard assay con-

ditions along with control which is phytase reaction with-

out metal ion.

The kinetic constants Vmax and Km were determined

with sodium phytate as substrate using a Lineweaver–Burk

plot [16].

Hydrolysis of soybean meal phytate in simulated gastric

fluid

One gram soybean meal was dissolved in 9 ml simulated

gastric fluid (SGF) [0.25 M glycine–HCl containing

2.0 mg/ml NaCl and 3.2 mg/ml pepsin] and pH was

adjusted with HCl or NaOH to a final pH of 1.5, 2.0, 2.5,

3.5, 5.5, or 6.5. The solutions were incubated with agitation

at 37�C for 30 min, and pH was adjusted to the corre-

sponding values again. Then 1 ml partially purified enzyme

was added to the solutions and incubated by agitation at

37�C for 60 min. The amount of released phosphorus was

determined by a modified ammonium molybdate method as

described in ‘‘Analytical methods’’.

Optimization using response surface methodology

The PBD was employed to identify the key ingredients and

the conditions for the best yield of enzyme production [26].

Phytase production is influenced by media components,

especially carbon and nitrogen sources, metal ions, and

physical variables such as pH, temperature, inoculum den-

sity, and incubation time. The choice of variables was made

on the basis of studies employing Smf [31]. In the present

study PBD was used to screen various variables, viz., glu-

cose (A), dextrin (B), NaNO3 (C), distilled water (D),

MgSO4�7H2O (E), FeSO4�7H2O (F), KCl (G), incubation

period (H), inoculum level (J), Triton X (K), and MnSO4 (L).

The total number of trials to be carried out was n ? 1 where

n is the number of variables. Each independent variable was

tested at two levels, a high (1) level and a low (2) level.

Table 2 shows the variables and their levels used in the

experimental design constructed by using Design-Expert

software (DES) version 7.1.2 (Stat-Ease, Minneapolis, MN,

USA). The variables with more percent contribution were

considered to influence phytase activity. Percentage values

were calculated by adding the total sum of squares and then

taking each term’s sum of squares and dividing by the total.

On the basis of analysis of PBD results, five variables,

viz., glucose (A), dextrin (B), NaNO3 (C), distilled water (D),

and MgSO4.7H2O (E), were chosen for further optimization

by response surface methodology (RSM) using BBD. BBD is

a good design for RSM studies because it permits estimation

of the best fit parameters of the quadratic model, building of

Table 2 PBD for selected factors and their assigned levels for phy-

tase production with A. niger NCIM 563 in SSF

Sr no Variable with designate Level 1 Level 2

1 A Glucose (w/w %) 10 50

2 B Dextrin (w/w %) 5 20

3 C NaNO3 (w/w %) 2 8

4 D Distilled water (ml) 100 200

5 E MgSO4.7H2O (w/w %) 1 5

6 F FeSO4.7H2O (w/w %) 1 5

7 G KCl (w/w %) 1 5

8 H Incubation period (days) 4 8

9 J Inoculum level (spores/ml) 0.01 100

10 K Triton X (v/v %) 0.5 1.0

11 L MnSO4 (w/w %) 1 5
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sequential designs, and detection of lack of fit of the model

[4]. The number of experiments (N) required for the devel-

opment of BBD is defined as N = 2k (k - 1) ? Co (where

k is number of variables and Co is the number of central

points). This was used to develop a mathematical correlation

between five variables on production of phytase. Each var-

iable was studied at three levels (1, 2, and 3). The values for

each component at three levels studied in the BBD are shown

in Table 3. The design matrix was constructed by using DES

to generate the response surface plot and optimum values for

media formulation. The optimum values of the variables and

the behavior of the system were studied by using the qua-

dratic equation model in DES. All experiments were carried

out in triplicates and their mean values are presented.

Results and discussion

Phytase production using agricultural residues

Wheat bran gave the highest phytase production of 50 IU/g

DMB on the 7th day of fermentation as compared with

groundnut cake, coconut cake, cotton cake, and rice bran

(Table 1). As wheat bran is a cheaper substrate, economi-

cal, and supported maximum phytase production, it was

selected for optimization experiments.

Optimization of phytase production by RSM

The 11 chosen variables (Table 2) likely to be influencing

phytase production were optimized by using PBD. The

PBD design matrix for experimental design of the 11

selected variables is shown in Table 4 along with their

responses on phytase production. Maximum phytase pro-

duction of 110 IU/g DMB was observed in trial number 11.

The variables showing high percent contribution were

considered as significant variables, influencing phytase

production, by fitting to a linear model assuming the

absence of interactions. Thus it was found that phytase

production was influenced by glucose (A), dextrin (B),

NaNO3 (C), distilled water (D), and MgSO4�7H2O (E) as

seen from the analysis of half normal plot and the total sum

of squares and percent contribution respectively (Table 5).

The remaining variables were observed to have small

percent contribution and they were therefore considered

insignificant. Vohra and Satyanarayana [34] also identified

magnesium sulfate as an important variable for phytase

production by the thermophilic mold Sporotrichum ther-

mophile by using PBD. Moisture content of the medium in

SSF is very important for the growth of microorganisms,

production of enzyme, and for enzyme activity [27]. It was

found that distilled water (DW) contributed the most to

phytase production as observed from the analysis of PBD

results. The best fit linear regression model used for

Table 3 Selected factors and their assigned levels by BBD for

phytase production with A. niger NCIM 563 in SSF

Sr no Variable with designate Level 1 Level 2 Level 3

1 A Glucose (w/w %) 10 30 50

2 B Dextrin (w/w %) 5 12.5 20

3 C NaNO3 (w/w %) 2 5 8

4 D Distilled water (ml) 100 150 200

5 E MgSO4�7H2O (w/w %) 1 3 5

Table 4 Experimental designs used in PBD studies for 11 selected independent factors and also experimental values of phytase production

Trial

number

Factor level

A
Glucose

B
Dextrin

C
NaNO3

D
DW

E
MgSO4

F
FeSO4

G
KCl

H
Incubation period

J
Inoculum level

K

Triton X

L

MnSO4

Phytase production

(IU/g DMB)

1 1 1 2 1 2 2 1 2 2 2 1 6.93

2 2 2 2 1 1 1 2 1 2 2 1 3.73

3 2 2 1 2 2 2 1 1 1 2 1 36.44

4 2 1 2 2 1 2 2 2 1 1 1 57.68

5 1 1 1 1 1 1 1 1 1 1 1 33.41

6 2 1 1 1 2 1 2 2 1 2 2 22.54

7 2 2 1 1 1 2 1 2 1 1 2 8.53

8 2 1 2 2 2 1 1 1 2 1 2 21.61

9 1 2 2 1 2 2 2 1 1 1 2 11.07

10 1 2 1 2 2 1 2 2 2 1 1 31.74

11 1 1 1 2 1 2 2 1 2 2 2 110.40

12 1 2 2 2 2 1 1 2 1 2 2 53.49

The culture was grown under solid state fermentation conditions at 30�C as described in ‘‘Material and methods’’. The values given are the

average of three independent experiments
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modeling gave a model F value of 5.75. This implies that

there is only 0.01% chance that this ‘‘model F value’’ could

occur due to noise. The coefficient of determination was

obtained as R2 = 0.873 and shows that the model used for

analyzing the data is significant.

The five medium components (Table 3), identified

above as significant variables for phytase production by

PBD, were further optimized by RSM using BBD. Table 6

represents the design matrix of the five significant variables

in coded levels, and reports the experimentally obtained

phytase activity. It may be seen that trial number 20

showed the highest phytase activity. The experimental

results obtained for phytase production were fed into the

DES and analysis was carried out using backward elimi-

nation regression. The calculated regression equation for

the optimization of medium components showed the phy-

tase activity (Y) as a function of these variables. By

applying multiple regression analysis on the experimental

data, the following quadratic model was found to explain

phytase production:

Y ¼31:04� 10:66Aþ 3:42B� 3:45C þ 46:99Dþ 3:50E

þ 20:54AC � 6:75ADþ 15:10AE � 16:48BC

þ 16:35CE � 11:15DE � 9:30B2 þ 9:10C2

þ 32:56D2 þ 7:80E2 ð1Þ

where Y is the predicted response and A–E are variables.

The results were analyzed by using ANOVA as appro-

priate to the experimental design used. The quality of the

model was checked by using various criteria. The coeffi-

cient of determination (R2) is 0.9499 for phytase produc-

tion, suggesting that 94.99% of the variability is explained

in the model. The value of correlation coefficient (pre-

dicted R2) for phytase production was 0.8685, which sug-

gests a strong agreement between the experimental and

Table 5 Analysis of PBD for percent contribution of each variable

and its effect on phytase production by A.niger NCIM 563

Variable code Variable Sum of squares % Contribution

A Glucose 776.23 7.85

B Dextrin 964.15 9.75

C NaNO3 653.70 6.61

D DW 4224.32 42.72

E MgSO4�7H2O 1562.06 15.80

F FeSO4�7H2O 347.06 3.51

G KCl 490.85 4.96

H Incubation period 106.46 1.08

J Inoculum level 83.66 0.85

K Triton X 402.44 4.07

L MnSO4 277.38 2.81

Table 6 BBD for optimization of selected variables and obtained

experimental values of phytase production using A. niger NCIM 563

in SSF

Trial

number

Factor level Phytase

production

(IU/g DMB)A
Glucose

B
Dextrin

C
NaNO3

D
DW

E
MgSO4

1 2 3 2 2 3 43.22

2 2 2 2 2 2 34.23

3 2 2 2 2 2 33.62

4 2 2 2 1 1 5.01

5 2 2 3 3 2 125.39

6 1 2 1 2 2 90.83

7 3 2 1 2 2 9.08

8 3 2 2 2 3 44.02

9 3 2 2 3 2 90.86

10 2 2 1 1 2 22.81

11 3 2 3 2 2 32.47

12 2 2 3 2 1 22.90

13 3 2 2 1 2 39.12

14 2 2 3 1 2 12.30

15 3 1 2 2 2 6.06

16 2 2 2 2 2 32.72

17 2 1 1 2 2 14.33

18 2 2 1 2 3 34.68

19 1 2 2 2 1 59.98

20 2 2 1 3 2 139.53

21 3 2 2 2 1 4.85

22 2 2 2 3 3 108.85

23 2 1 2 2 3 36.28

24 2 2 2 1 3 32.01

25 2 1 2 3 2 77.5

26 2 3 1 2 2 42.2

27 2 3 2 3 2 105.20

28 1 2 2 1 2 7.36

29 1 2 2 2 3 38.68

30 2 2 2 3 1 126.46

31 1 1 2 2 2 18.70

32 2 2 3 2 3 65.63

33 3 3 2 2 2 6.62

34 2 1 2 1 2 5.84

35 2 3 2 1 2 23.61

36 2 3 3 2 2 13.42

37 2 1 2 2 1 35.21

38 1 2 2 3 2 126.10

39 2 2 2 2 2 31.22

40 1 2 3 2 2 32.01

41 2 2 1 2 1 57.36

42 2 1 3 2 2 51.49

43 2 3 2 2 1 35.75

44 2 2 2 2 2 31.21
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predicted values of phytase production. The model F value

of 37.94 and values of P [ F (\0.0001) indicated that the

model terms are significant. For phytase production, A, D,

AC, AD, AE, BC, CE, DE, B2, C2, D2, and E2 are significant

model terms. The results of the ANOVA study are pre-

sented in Table 7.

The results show a strong agreement between the pre-

dicted and the experimental response. The optimum values

of the tested variables are obtained as glucose 3 g, dextrin

1.25 g, NaNO3 0.2 g, MgSO4�7H2O 0.3 g moistened with

20 ml distilled water per 10 g of wheat bran with the rest of

the variables kept at mean value of the corresponding

ranges in PBD. The enzyme production behavior was then

studied under optimized fermentation conditions by

monitoring in time for 6 days. An unoptimized medium

showed a phytase production of 50 IU/g DMB on the 7th

day, whereas optimization studies gave phytase production

of 154 IU/g DMB on the 4th day. The rapid growth of

fungus is corroborated by the corresponding increase in the

mycelial weight (Fig. 1). Thus the phytase activity is

increased by 3.08 times with a simultaneous reduction of

fermentation from 7 to 4 days. The three-dimensional (3D)

plots showing the optimal levels and nonlinear interactions

among the variables for enzyme production are presented

in Fig. 2a, b. The maximum predicted value for phytase

production was 123.14 IU/g DMB, while the experimental

response was 139.53 IU/g DMB (run number 20 in

Table 6). It may also be noted that optimization using PBD

and central composite design in the case of A. ficcium gave

phytase activity of only 15 IU/g using wheat bran [2].

The optimized results show a productivity of 38,500

IU/kg/day which is the highest as compared with other

reported SSF using spore inoculum. Our experiments for

phytase production using vegetative inocula did not give

significant increase in production (data not included) but

our productivity of 38,500 IU/kg/day is 8.3-fold more as

compared with 4,667 IU/kg/day reported for A. niger by

Krishna and Nokes (Table 8). Moisture content in SSF

plays a crucial role as can be seen from the above response

surface analysis. But increasing the moisture content

leading to semi-solid conditions did not enhance the

activity any further. Thus the above optimized variables

using response surface analysis gave the best conditions for

maximum phytase production.

A recommended 400 IU/kg feed supplementation would

require only 2.59 kg crude SSF enzyme of A. niger

NCIM 563 to be added to each metric ton (MT) of feed

Table 7 ANOVA for response surface reduced quadratic model of

BBD

Source Sum of squares Mean square F value P value

Prob [ F

Model 57,056.16 3,803.74 37.94 \0.0001

A 1,819.43 1,819.43 18.15 0.0002

B 187.26 187.26 1.87 0.1819

C 190.26 190.26 1.9 0.1785

D 35,328.37 35,328.37 352.39 \0.0001

E 195.54 195.54 1.95 0.1728

AC 1,687.96 1,687.96 16.84 0.0003

AD 1,122.38 1,122.38 11.2 0.0022

AE 911.44 911.44 9.09 0.0052

BC 1,086.75 1,086.75 10.84 0.0025

CE 1,069.64 1,069.64 10.67 0.0027

DE 497.44 497.44 4.96 0.0336

B2 816.23 816.23 8.14 0.0078

C2 780.18 780.18 7.78 0.0091

D2 9,995.29 9,995.29 99.70 \0.0001

E2 573.38 573.38 5.72 0.0233

Lack of fit 2,999.40 119.98 73.45 \0.0001

Pure error 8.17 1.63

Residual 3,007.57 100.25

Cor total 60,063.73

R2 = 0.9499
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Fig. 1 Kinetics of phytase production in SSF by A. niger NCIM 563

under optimized conditions. Phytase production (IU/g DMB) (filled
squares). Mycelial weight (mg/g WB) (filled triangles)

Table 6 continued

Trial

number

Factor level Phytase

production

(IU/g DMB)A
Glucose

B
Dextrin

C
NaNO3

D
DW

E
MgSO4

45 1 3 2 2 2 30.14

46 2 2 2 2 2 33.45

The culture was grown under solid state fermentation conditions at

30�C as described in ‘‘Material and methods’’. The values given are

the average of three independent experiments
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which presently requires 16 kg crude SSF enzyme of

A. ficcium NRRL 3135. At present all available commercial

phytase preparations are produced by recombinant strains

using Smf. But they are costly as it requires concentration

of diluted enzyme, extensive downstream procedures, and

treatment of generated effluents that do not make the pro-

cess eco-friendly. All this restricts the use of Smf phytase

in animal feed [25]. In contrast, as compared with Smf, the

SSF enzyme as shown here is produced in large quantity

along with hydrolytic enzymes and its application involves

minimum downstream processing because the product can

now be easily mixed with other ingredients in a feed ration

[24]. So the process economy of the SSF enzyme appears

to be favorable and eco-friendly. In this case a high pro-

ductivity is achieved with a natural wild strain, and thus the

possibility for genetic improvisation is also very good.

Up-scaling and SSF in trays

SSF was performed in stationary trays analogous to con-

ditions in a traditional Koji reactor as mentioned in ‘‘SSF in

trays’’. The procedure was scaled up from 10 g wheat bran

in 250-ml Erlenmeyer flasks to 1,000 g wheat bran in

80 9 40 9 4-cm trays (Table 1). By scaling up from flasks

to stationary trays, activities of 154 IU/g DMB were

reproducibly obtained. These results are therefore encour-

aging for optimization under pilot scale conditions.

Production of accessory enzymes

The culture extract in addition to phytase consists of 133.2,

41.58, and 310.34 IU/g DMB of xylanase, cellulase, and

amylase, respectively (Table 1). The supplementation of

these enzymes along with phytase decreases viscosity,

amount of loose droppings, and increases mass gain, feed

conversion, and egg production [36]. The starch and non-

starch fractions of feed are efficiently hydrolyzed by

hydrolytic enzymes improving prebiotic functional prop-

erties [23].

Partial purification and characterization of phytase

The ammonium sulfate precipitation and desalting by

Sephadex G-25 procedure resulted in 69% enzyme recov-

ery with purification of 2.5 fold and specific activity of

49.83 IU/mg of protein. The highest phytase activity was

observed at pH 6.0. The enzyme retained ca. 75% activity

over a wide pH range, 2.0–9.5 (Table 1). The pH optima

and pH stability profile of phytase determines its ability to

act efficiently in the crop and stomach of the digestive tract

of poultry [9]. Fungal phytase acts efficiently in stomach

(pH 2–5) and needs reactivation to maintain activity in the

crop (pH 4–5) of poultry and bacterial phytases act vice

versa [17]. The catalytic efficiency of A. niger NCIM 563

phytase will be more in both the crop and stomach of

poultry because it retains activity over a wide pH range

(2–9.5) and will not require reactivation.
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Fig. 2 3D surface plots reflecting the effect of glucose and distilled

water (a) and dextrin and sodium nitrate (b) on phytase production by

A. niger NCIM 563 in SSF

Table 8 Comparison of phytase production by A. niger NCIM 563

with other fungal strains grown under SSF

Phytase source Phytase

activity

(IU/g DMB)

Phytase

productivity

(IU/kg/day)

Reference

number

Rhizopus pusilis 9.18 76 [5]

Rhizopus thailiandenism 3 38 [34]

Rhizopus oligosporous 5 75 [34]

Rhizopus microsporous 1 18 [34]

Mucor racemosus 26 361 [3]

Mucor hiemalis 12 160 [3]

Aspergillus niger 1,008a 4,667a [15]

Aspergillus ficcium 15 159 [2]

Aspergillus niger CFR 335 70 14,000 [12]

Aspergillus niger NCIM 563 154 38,500 Present work

a Production using vegetative inoculum
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The maximum phytase activity was at 55�C and

declined thereafter (Table 1). Phytases from various

Aspergilli show optimum temperature in the range

40–65�C [32]. Thermostability studies are performed to

predict the stability of phytase during the dry pelleting

process employed presently for commercial phytase pro-

duced under submerged conditions. At 45�C the phytase

enzyme exhibited 90% of its original activity after 60 min.

At 60�C the enzyme exhibited 80% activity after 5 min and

20% activity after 60 min (Table 1). Phytase from E. coli

(which is considered a candidate for commercial phytase)

has also been reported to retain only 24% activity at 60�C

for 1 h [10]. This solid state product is therefore more

efficient and cost effective than E. coli phytase. Because it

does not require downstreaming such as pelleting at high

temperature and product formulation, the entire fermented

product can be dried and ground and this also does not

require high temperature. Therefore the step of pelleting at

high temperature can be avoided and the dried product

from food grade fungus can be sold as animal feed enzyme.

Phytase activity was moderately stimulated in the

presence of 5 mM Ca2?, Fe2?, Fe3?, Ba2?, and Pb2? and

inhibited in the presence of 1 mM Hg2?, Ni2?, Zn2?,

Cu2?, and Ag2? (Table 1). The enzyme retained 63 and

43% activity in the presence of Zn2? and Cu2? in contrast

to most phytate-degrading enzymes that are greatly inhib-

ited by Cu2? and Zn2? [14]. Actually the influence of zinc,

iron, copper, and calcium is potentially significant from an

applied perspective with respect to phytase in animal feed.

Retention of phytase activity in the presence of Pb2?

(125% for 5 mM) and Ag2? (50% for 1 mM) provides an

opportunity for phytate hydrolysis in soils contaminated

with heavy metals. The partially purified phytase when

subjected to gel filtration chromatography on Sephacryl

S-200 along with standard markers showed its native

molecular weight 87 kDa (Table 1). The Km and Vmax

were 0.156 mM and 220 lm/min/mg using a Linewe-

aver–Burk plot. These values fall well within the range

previously reported for microbial phytases [35]. The

partially purified phytase exhibited single band on non-

denaturing PAGE and is detected by activity staining

(Fig. 3).

Phytase exhibited high efficacy in phytate hydrolysis at

different pH releasing 50, 562.8, 797.8, 470,776, and

733 mg inorganic phosphorus/kg soybean meal at pH 1.5,

2.0, 2.5, 3.5, 5.5, and 6.5, respectively, under emulated

gastric conditions (Fig. 4). Phytase from Yersinia rhodei

hydrolyzes phytate phosphorus only up to pH 5.5 [13]. But

phytase from A. niger NCIM 563 was more resistant to

pepsin and released more inorganic phosphorus from soy-

bean meal under emulated gastric conditions over a much

broader pH range. This determines the efficacy of A. niger

NCIM 563 phytase and is exceptional.

Conclusion

The present work demonstrates that using response surface

optimization employing PBD and BBD gave a high level of

phytase production of 154 IU/g DMB along with accessory

enzymes in SSF. Among the 11 chosen variables for

optimization by PBD glucose, dextrin, NaNO3, distilled

water, and MgSO4�7H2O were found to influence phytase

production more significantly. Some fungi are known to

produce phytase and accessory enzymes by SSF but their

low productivities are not comparable with the highest

phytase productivity of 38,500 IU/kg/day by A. niger

Lane 1

Phytase 

Lane 2 Lane 3

Fig. 3 Native gel electrophoresis (8%) of partially purified phytase

from A. niger NCIM 563. Lane 1 crude; Lane 2 G25; Lane 3 partially

purified
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Fig. 4 Hydrolysis efficacy of phytate phosphorus in simulated gastric

fluid at different pHs. Released inorganic phosphorus (mg/kg

soybean) (filled squares). The degradation of phytate was measured

after digestion at pH 1.5, 2.0, 2.5, 3.5, 5.5, and 6.5. Hydrolysis

efficacy was calculated as the quantity of released inorganic

phosphorus from soybean meal. All experiments are carried out in

triplicates and their mean values are presented
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NCIM 563 as shown by studies here. Tray fermentation

studies for up-scaling also gave promising results from an

industrial point of view. The process can be improved by

using advanced bioreactors that provide accurate moisture

and temperature control, as well as optimized O2 mass

transfer [8]. The partial characterization of phytase enzyme

as studied here reveals some exclusive biochemical prop-

erties that bring out its potential for use as an animal feed

additive. Among them are stability over broad pH range,

high efficacy in hydrolyzing phytate phosphorus under

emulated gastric conditions, and phytate hydrolysis of

heavy metal contaminated soils. Instead of low yield, high

cost Smf, SSF by A. niger NCIM 563 for phytase pro-

duction emerges as a more efficient, less costly, and a more

directly applicable process. All these factors corroborate

the commercial potential and industrial application of

phytase produced by A. niger NCIM 563 as a solid state

culture product.

Acknowledgments One of the authors, Ms Kavita Bhavsar, thanks

Council of Scientific and Industrial Research, Government of India

for the financial assistance. We also gratefully acknowledge support

and facilities provided by the Center of Excellence in Scientific

Computing, National Chemical Laboratory, India.

References

1. Andrews P (1964) Estimation of molecular weight of proteins by

Sephadex gel filtration. Biochem J 92:222–223

2. Bogar B, Szakacs G, Tengerdy RP, Linden JC, Pandey A (2003)

Optimization of phytase production by solid substrate fermenta-

tion. J Ind Microbiol Biotech 30:183–189

3. Bogar B, Szakacs G, Pandey A, Abdulhameed S, Linden J,

Tengerdy R (2003) Production of phytase by Mucor racemosus in

solid state fermentation. Biotechnol Prog 19:312–319

4. Box GEP, Hunter JS (1957) Multifactor experimental design for

exploring response surfaces. Ann Math Stat 28:95–241

5. Chadha BS, Gulati H, Mandeep M, Saini SH, Singh N (2004)

Phytase production by the thermophilic fungus Rhizomucor
pusillus. World J Microbiol Biotechnol 20:105–109

6. Davis BJ (1964) Disc electrophoresis II. Method and application

to human serum proteins. Ann N Y Acad Sci 121:404–427

7. Deutscher MP (1990) Guide to protein purification, methods

enzymology, vol 182. Academic, Toronto, p 430

8. Durand D, Broise D, Blachere H (1988) Laboratory scale biore-

actor for solid state process. J Biotechnol 8:59–66

9. Garrett JB, Kretz KA, O’Donoghue E, Kerovuo J, Kim W, Barton

NR, Hazlewood GP, Short JM, Robertson DE, Gray KA (2004)

Enhancing the thermal tolerance and gastric performance of a

microbial phytase for use as a phosphate-mobilizing monogastric-

feed supplement. Appl Environ Microbiol 70:3041–3046

10. Gilati HK, Chadha BS, Saini HS (2007) Production of feed

enzymes (phytase and plant cell wall hydrolyzing enzymes) by

Mucor indicus MTCC 6333: purification and characterization of

phytase. Folia Microbiol 52:491–497

11. Gokhale DV, Puntambekar US, Deobagkar DN, Peberdy JF

(1988) Production of cellulolytic enzymes by mutants of Asper-
gillus niger NCIM 1207. Enzy Microbiol Technol 10:442–445

12. Gunashree BS, Venkateswaran G (2008) Effect of different cul-

tural conditions for phytase production by Aspergillus niger CFR

335 in submerged and solid-state fermentations. J Ind Microbiol

Biotechnol 35:1587–1596

13. Huoqing H, Huiying L, Wang Y, Fu D, Shao N, Wang G, Yang P,

Yao B (2008) A novel phytase from Yersinia rohdei with high

phytate hydrolysis activity under low pH and strong pepsin

conditions. Appl Microbiol Biotechnol 80:417–426

14. Konietzny U, Greiner R (2002) Molecular and catalytic proper-

ties of phytate-degrading enzymes (phytases). Int J Food Sci

Technol 37:791–812

15. Krishna C, Nokes SE (2001) Predicting vegetative inoculum

performance to maximize phytase production in solid-state fer-

mentation using response surface methodology. J Ind Microbiol

Biotechnol 26:161–170

16. Lineweaver H, Burk D (1934) Determination of enzyme disso-

ciation constants. J Am Chem Soc 56:658–666

17. Lei X, Stahl CH (2001) Biotechnological development of effec-

tive phytases for mineral nutrition and environmental protection.

Appl Microbiol Biotechnol 57:474–481

18. Lowry OH, Rosebrough NJ, Farr AL, Randall RL (1951) Protein

measurement with the Folin phenol reagent. J Biol Chem

193:265–275

19. Mandviwala TN, Khire JM (2000) Production of high activity

thermostable phytase from thermotolerant Aspergillus niger in

solid-state fermentation. J Ind Micrbiol Biotechnol 24:237–243

20. Miller GL, Lorenz G (1959) Use of dinitrosalicylic acid reagent

for determination of reducing sugar. Anal Chem 31:426–428

21. McCleary BV, Sheehan H (1987) Measurement of cereal alpha

amylase: a new assay procedure. J Cereal Sci 6:237–251

22. Ole K, Torben VB, Claus CF (2002) Industrial enzyme applica-

tions. Curr Opinion Biotechnol 13:345–351

23. Omogbenigun FO, Nyachoti CM, Slominski BA (2004) Dietary

supplementation with multienzyme preparations improves nutri-

ent utilization and growth performance in weaned pigs. J Anim

Sci 82:1053–1061

24. Pandey A, Selvakumar P, Soccol CR, Nigam P (1999) Solid state

fermentation. Proc Biochem 35:397–402

25. Pandey A, Szakacs G, Soccol CR, Rodriguez-Leon JA, Soccol

VT (2001) Production, purification and properties of microbial

phytases. Bioresour Technol 77:203–214

26. Plackett RL, Burman JP (1946) The design of optimum multi-

factor experiments. Biometrika 33:305–325

27. Prabhakar A, Krishnaiah K, Janaun J, Bono A (2005) An over-

view of engineering aspects of solid state fermentation. Malay-

sian J Microbiol 1:10–16

28. Raboy V (2001) Seeds for a better future: ‘‘low phytate’’ grains

help to overcome malnutrition and pollution. Trend Plant Sci

6:458–462

29. Reissig JL, Stromiger JL, Leloir LF (1955) A modified colori-

metric method for the estimation of N-acetylamino sugars. J Biol

Chem 217:959–966

30. Singh B, Satyanarayan T (2006) A marked enhancement in

phytase production by a thermophilic mould Sporotricum ther-
mophile using statistical designs in a cost effective cane molasses

medium. J Appl Microbiol 101:344–352

31. Soni SK, Khire JM (2007) Production and partial characterization

of two types of phytase from Aspergillus niger NCIM 563 under

SF conditions. World J Microbiol Biotechnol 23:1585–1593

32. Terebiznik MR, Pilosof AMR (1999) Biomass estimation in solid

state fermentation by modeling dry matter weight loss. Biotech

Tech 13:215–221

33. Vats P, Banerjee UC (2004) Production studies and catalytic

properties of phytases (myoinositolhexakisphosphate phospho-
hydrolases): an overview. Enzy. Microbiol Technol 35:3–14

1416 J Ind Microbiol Biotechnol (2011) 38:1407–1417

123



34. Vohra A, Satyanarayana T (2003) Phytases: microbial sources,

production, purification and potential biotechnological applica-

tions. Crit Rev in Biotech 23:29–60

35. Wodzinski RJ, Ullah AHJ (1996) Phytase. Adv Appl Microbiol

42:263–302

36. Wu YB, Ravindran V, Thomas DG, Birtles MJ, Hendricks WH

(2004) Influence of phytase and xylanase, individually or in

combination, on performance, apparent metabolizable energy,

digestive tract measurements and gut morphology in broilers fed

wheat-based diets containing adequate level of phosphorus. Brit

Poultry Sci 45:76–84

J Ind Microbiol Biotechnol (2011) 38:1407–1417 1417

123


	High level phytase production by Aspergillus niger NCIM 563 in solid state culture: response surface optimization, up-scaling, and its partial characterization
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Fungi and inoculum preparation
	SSF in Erlenmeyer flasks
	SSF in trays
	Analytical methods
	Partial purification of phytase
	Electrophoresis
	Molecular weight determination by gel filtration
	Characterization of phytase
	Hydrolysis of soybean meal phytate in simulated gastric fluid
	Optimization using response surface methodology

	Results and discussion
	Phytase production using agricultural residues
	Optimization of phytase production by RSM
	Up-scaling and SSF in trays
	Production of accessory enzymes
	Partial purification and characterization of phytase

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


