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1. Central composite design


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

\Y"\T” J.’:’.lf. 4\\ 6,92 gff AJLQ..:

Olgpe o Sl g3 Gl Jasein ¥ Jgdr 5l &S kil
s 5 (C) S s (B ol S (A) 5,08
Sl 5 508 Ll 2l 5 5 (D) St 5 0k
(AD) (¢ i8Sl 3 ol cus ;,.&(AB)(,H,J
e 5 pgsel Sl g (BC) S s 5 5 g0l iy
A’ a3 a3 Sl s e 55 5 (BD) (Ll b S 0l
e 1l el s Aoy 48 Jlazsl e 55D 5 B?
g 3(CD) Sl 0las Sds 5 p S s

AL e Sl pae L33 40 Jlez|

Jos L_wj Y8 W u"ﬁ"d':'ﬁ oo J.l:u.a -y-v

b piie gl p o5 4,3

Design Expert ji5sle 5 Jaw 5 odd o iy g polis
oS s (B sl Sl or (A) S8 (gl ine 5l 2
Vv s 0,0 5 (D) oSl S oly e 5 (C)
st Ve 5 e ST I Ve 5o e S V0 ) e
YUY 5 5k Ol Il ) 53 L e sl VAT
Ll 53 a3l e ol (sl el 2l ke BT A1
Ol s S plasil Josle pa gl ol i i aigy p3lis
N W e PR DA -V PSS SN RN FE
Ol s oS s o i e b OF amlis &5 02
¥l e edal s 4 Olges ol oD S o AL 1 ol
YeoA Jlo s BLLUEL 57 G b a5 53l
-ab & Lame jsSporotrichum thermophile -6 L. 5
b anslie 55 JA] ol 008 oo Ao ¥ 5l esliad b5 (55
A Sl e TSl e Ol ol L s
Loy e ds sles .0 5 Rhizomucor pusillus
Ol s o ol )Y 50 0] ~.lPichia anomala
Ll g el sl oS 4 sk Sl Ol 45 e
Sl S A5

el S 5 S S Joline S ¥

36 sl a5

3. Singh

04

o by Sl pme b Slag 5 B e S ban s Lo
adsles dhool 4z 5 Ldal Covsay 3l 5 ,sSFORWARD
IS bl dslea)iisl eis S 1 5 55 aS Asb W Y IS
(ol ba i
2) dsles

Y=+ v/vfa4/f8 A - f/AM B -y ive Co/vy+ D - /04
AB + Y/ \V AD - Y/0ABC — /1Y BD \/f¥- CD+ \/vY

A—\/sv BY/ v+ D

S T el Ol Y
i s Fotest alvy ¥ (e sl (ls ime mla
Jsdr 53 4SSl (YJsd) A3 oy (ANOVA) bl
Fooe 5o olg das corul st onls Lad uilsly a0 52s
e b praman b o VL b (golapme mhaes (D1
SRE=UMS s s Ol P Gl s s
eman il o Ad] RPZATYY ot o3 s
5 O 5 e w0 by e slaasls o (Stan ) S
(Y adsles) olgh s a3 glakaxr dir Js oS o ol Sy
S Ol ks iso Caldy Hab w36 5 03 a8
ok 5 e ot S J e 03 s bl e S Sl A s

5,8 5 eslizal 3590 (g3l

Predicted vs. Actual

71.00 —

57.75 —|

44.50 —|

Predicted

31.25 —|

18.00 —

18.37 31.45 4454 57.62 70.70

Actual

Lo i ol o hm el il 55 ot slaesls Slasad ) S

Jde

2.Lack of fit


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

SO U5 JOUH (5 S5V PSPV PV-RNUES ST LI REU I WO OO

Q\)K.QA 9 Lgr.ﬂ‘}b L...@.»

Phytase
(U/mL)

B: Ammonium sulphate?®

1.00 2.00

(g/100mL)

3.50

5.00

A: Glucose

(g/100mL)

W5 psisel SWsw 5 SIS Blite S sy s Jlosal ¥ IS
—abe S 0bey Sde 5 S g ol g oS ) 5 55l wﬂ
Kok amdp § Ja3 s Coli s (58 e ahais 43 (g1 08

R I e S LT AN
Olay S 3 A0S g Jalss S il o s el
Uledd a8 i 55 oo (558 e ahai 55 (g MS e S
Y o3 dmmn 3 oy sal Sl g (211 L o 0 o3l 0L
Slad IS5 O ALY e sdme 5o SIS AIBIL 5 Y L
p52 a0l as das e OLiS e ¥ SE L e 2158
Sloosls sy gl JS3 oo Sl e 5518
Sy 5 5518 Ll 3 A e 0Ly o el ¥ S

Wl Sl pme (P00 V)p g ol

Gl i ool s bl s ¥ Jgar

P F = oSSl EEBRESS Slag o ¢ sores s
<o/vend YY/¥q Y4 /00 )Y O £¥/5) Ju
<e/vany Y5/54 FY4/¥F \ FY4/¥F A
<e/van) VAV \VY0/+4 \ VVYO/+4 B
<e/vany YANO TF4/4Y \ AREYANY C
<e/veny qv/0¥ 10£4/Y4 | 10£9/Y4 D

ey \\vird YV¥/A8 | YV¥/AS AB
ey /¥ 10+/00 | 0+ /00 AD
/ey YY/YE YAY/Y \ YAY/ Y BC
<o/veny 14/ AV - \ AV BD
/A YAF f/0f £¥/49 | £¥/44 CD
Caays VI Y0+ /4) | Y04/ A?
o/rep¥ Yo/er 1¥1/44 | 1¥1/44 B?
/ey Vo /¥ Y1V/AY \ YH/AY D
10/9 A FAY/PS oLl 3L
EYNY AV \Y/AY VY \£8/40 Gl pe
V&IV ¥\ OVV/04 oAl gl
00 OVYE/YO I Kasen
V6o


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

Phytase

D: Incubation period

\T““ﬂ j‘.‘.‘.’.L.'. c\\ 692 «Yf a)l.a.:'

S gl 5 p ke aellad

&

75

RRKBIRISLLRIR
SRS
SRREEIRIAIKLXRKL,
SERRIREXRRIEIRS
‘:“‘::“‘::“":““.‘:“““‘A“‘.‘ N

S
“““Q“O‘t X

(SREIAEKK

53

42

31

336.00 8.00

192.00

D: Incubation period *2*®

(h) (2/100mL)

336.00

264.00

192.00

120.00

A: Glucose (g/100mL)
Ols e 5 5558 Llate 1 (G (dmy 4 Sl 5ad ¥ JKS
S g Jalse oS il 5 5 5l 3T A5 oIS wbe S
Lles w)fjhr)b C,\JU)? LSJSJAAJQ;UJJ Qw},w f}f-?"T-’

e85l D 5 puS o g Joliss I -0-Y

S P g p
a8 s clsy s 658 e b s (g I8 Wb S 0L
J;LEJ.A JJ‘ .LSL;a UL:.» il ¢ Ji..zc,...A ol 03ls QL.Z.J \) Ll
RS )‘}Lf."*" (P<./..\)f}-2"}J ij_w_j rJ_.f ISl redl

A: Glucose

k4

o=l 5 Aol e SRl 5l Olse 18T Rl L el by
FRCEVPEIE PREVETS Ju UL S SU PR RCHIF PPt
oS s Jhe 2ol slacd ke iy md 5 6 bl
A5 L 0558l ol e o35 b asiies L3
0355 g il ol SIS e 58 e o e LT
Eely S48 b esles (glaid oS ol (55058 55 8 e e
Sl o b 53 b sl e e 5 A5 15
i 53 Y 5V ] 55 el Sl s 5 (sy5abse
el 23S alnil OLes 5 LAl L s &S
o35l @b L Sld A5 sl 055,50 mie (Sl
aS A 0ls DL 5 A (B yme oS S (gl e S5 2
313 s pls b5 5ld 5 e 6 (M 550
[VY]

~aslbe 5 Oy Sde p SIS blane S -f-v
S sl W @

3 SIS Joale g3 any bay e 5558 5 (Gday aw Jls 50V S s
5 S g Jalse 8 Jal il 0 65180k S 0l ke
Lo a8 a5 )5 b sy (55 e alall )3 p s sl s
Y sl laesls y sidol Gl ISl st asls 0L
masbie S Ole) Cde 5 5SS Llane 3 S e Ol &S ol
¥ s 4 (g shilan ol ls ae(P<e/0 0 1) 5,108
NS le T 0lay e 5 SIS 2158 b ol i
e by e b e Gl e s LB sk 4 sl
A5 53 el s o 3T 5 6 5 Ay e e s el
i T Slie a5,V Sl A o sl el ) Sl
ALY) S 5I8 eis asdlas o3 sdms 53 [VO] Ay o 2SI~
534S I s S edalie SWG51a50 S (s ys
Sl 3l el e a5 3l 0 5T 5 0S5 UL

DFTas sdalie Salssh i do s\ 5l iy S8


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

w}lﬂjﬂibjdjj&j&ﬂ'@JJJUchj}Sé)b% Q\)K»Ajﬁu‘:l{w

9 )T b F ol S Jlaxe J1—p-¥ Ll o ol ol il oo 2l 5l A Ol psd gol Sl e
5558 3 e 5 230 oS e b SAIsL I SH a0

1 a5 A g S el W . /
Ty S n S a O3, mlbos oy IHLSen 5 58 5 gl s bl

Do Josle g3 by e 558 5 ey 4 Jla5e0 S 50 e gl (D55 s pal oyl ¢ josien o5las (M ys s o)
Jeelse a8 ol i 53 p s gl Sl 5 (55108 e S 0 3 G G A [W] Al e b Ol s
S k5o Sl (S e a2 S 5 pdS s ¥) p S g b e Dlid Eilr oS sl Ol BLLLLL
Slaosls 1 Gyl IO USE Ll ot eals 0L 1, ook e O oS ol&in Ly S o 5 1 5l A5 (Ao s
(P<e/v01) Las 5 0oy blize 31 S o Ol o ol ¥ s Sl w0 gk e DI ) (6 B b o Rl 0 S
Ll s agis 00 ISa 534S (555 Oladcnl s e DAT & o5t s
53 e LS 5 (IS 3 0lay e 5 Sl

o e b e Rl 5l A g5 (Sl g 5 g01)
S sl el el o Bl 5 Y sladles
33 2l sk el Ja g T A 5 Oy 2L s
53000 Sl e 5l A5 i s COb Ll g sab o e .
e i 03 iy L g ke 5 T A1 Y % '
Slad S dled 355 e ol Jams SO Lame 53 el JSCES "

il
'\

D: Incubation period **®° ~~___— 2“B: Ammonium sulphate
(h) 4800 1.00 (9/100mI.)

C: Wheat bran
(o/100mT )

20°8: Ammonium sulphate
(o/100mI )

71

0.5

17

336.00

192.00

C: Wheat bran (U/m

Sl s 5 18 ae S 0l3 s Jiline I (0) 528 0 IS
S 5 paS s Jolse oS Jail b sy 515k A5 s s el
Lo ap § L5 13 Cols 545 (655 o ahais 5

B: Ammoniumsulphate (g/100mL)

W5 psssel OWsw 5 okS g Bl 1 (0) 525 ¥ S8
BYRTSIRLYHER SR vy o#;;ﬁdﬂ\fﬁ‘sd\gﬁl;m@ﬁﬁ
Clleds 4 S L ps ol s (658 e alais

\&Y


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

\T“W’ J:v'l..v_ c\\ 6,92 «Yf G)LQ...:

S mlo 5 psle allad

35 o3l b pie g 4 S s 51 S oK
tﬁd;ﬂjlduju;%y@)xg,@dom;\j
OS5 Sl o3le e Sl oS il 5l e (S5 550
Al ey A8 oy L 0T 038 (S0l il a3
e LU 5l GV b sladly Sde oSl e 4yl
L sdal Gl 6355 A Sle Sde LB 0l ol

@L’..o -0

[1] Kumar, V., Sinha, K. A., Makkar, P. S. H.
and Becker, K. (2010). Dietary roles of phytate
and phytase in human nutrition: A review. Food
Chemistry, 120: 945-959.

[2]Sabu, A., Pandey, A., Daud, M.J. and
Szakacs, G. (2005). Tamarind seedpowder and
Palm kernel cake: two novel agro residues for
theproduction of tannase under solid-state
fermentation by Aspergillusniger ATCC 16620.
Bioresource Technology, 96:1223—-1228.

[3] Hellstrom, M. A., Vazques-Juarez R.,
Svanberg, U. and Andlid, A. T. (2010).
Biodiversity and phytase capacity of yeasts
isolated from Tanzanian togwa. International
Journal of Food Microbiology, 136: 352—-358.
[4] Greiner, R., Konietzny, U., (2006). Phytase
for food application. Food Technology and
Biotechnology, 44: 125-140.

[5] Singh, B. and Satyanarayana, T. (2007).
Phytase production by a thermophilic mould
Sporotrichum  thermophile in solid state
fermentation and its potential applications.
Bioresource Technology, 99: 2824-2830.

[6] Polaina, J.andMacCabe, P.A. (2007).

Industrial Enzymes: Structure, Function and
Applications. Dordrecht: Published by Springer,
The Netherlands. pp. 505-507.

[7] Nampoothiri, K. M., Tomes G. J., Roopesh,
K., Szakac, E., Nagy, V., Soccol, C. R. and
Pandy, A. (2004). Thermostable phytase
production by Thermoascus aurantiacus in
submerged fermentation. Applied Biochemistry
and Biotechnology, 118: 112-123.

[8] Singh, B. and Satyanarayana, T. (2008).
Improved phytase production by a thermophilic
mould Sporotrichum thermophile in submerged

\2Y

D: Incubation period (h)

4

Phytase umL)

336.00

192.00

120.00

B: Ammonium sulphate (g/100mL)

Sl 5 (5,18 E e S Oley e ilie () 528 0 S
S 5 pAS s Jolse oS Jal b ey 515 A5y p sl
Lo 4 § L5 3 Coli 55 (55 0 akaih 55

S S ot ¥
el S W5 e w sl 0L (g3de (S5l aug S
53 SV o el Sl il eV oe 03 S0 L SIS
Olas e 5 s Vew 5o 0 SRS s 2 s Ve
i i e St ) o Sl Cel VAAY s
A S e w3 A TR Sk cls Je b
ol i i g ol Ll i s iolesT (Je Al ol
Lol o el edled Ol e S planil ks a2
L 0f stmslie a5 a3 2 hn 5l Py b
3,8 e Al 1 el Sl Jde S el o i s
G ald) oS s Sl eslinl Ly s 5 5 Ol
=35 5 =S Bl sl sislis Dluls ST
=01 ) oslizal 5 ol ozl B Waoyl g5l sy Ja 5 45 s
23 Ol GB35 O35 e s 55 e w05 e eSS 0 L
Ll Gl e mla 03D AS g il a5 U

o})’&-&g.éj_.i';;a )L::s (”JT .J\:J}S &:{Jﬁ wy&f@‘&:i:}


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

SO U5 JOUH (5 S5V PSPV PV-RNUES ST LI REU I WO OO

Q\)K.a.a 9 ﬁ‘"b L...@,a

production of phytase by Rhizopus spp. using
oilcakes as substrates. Process Biochemistry,
40: 1749-1754.

[15] Mandviwala, T. N. and Khire, J. M. (2000).
Production of high activity thermostable phytase
from thermotolerant Aspergillus niger. Journal
of Industrial Microbiology and Biotechnology.
24: 237-243,

[16] El-Batal, A.l. and Abdel Karem, H. (2001).
Phytase production and phytic acid reduction in
rapeseed meal by Aspergillus niger during
submerged fermentation. Food Research
International, 34: 715-720.

[17] Bogar, B., Szakacs, G., Linden, J. C.,
Pandey, A. and Tengerdy, R. P. (2003).
Optimization of phytase production. Industrial
Microbiology and Biotechnology. 30: 183—189.
[18] Ramachandran, S., Roopesh, K.,
Nampoothiri, K., Szakacs, G. and Pandey, A.
(2005). Mixed substrate fermentation for the
production of phytase by Rhizopus spp. using
oilcakes as substrates. Process Biochemistry,
40: 1749-1754.

[19] Soni, S. K. and Khire, J. M. (2007).
Production and partial characterization of two
types of phytase from Aspergillus niger NCIM
563 under submerged fermentation conditions.
World  Journal of  Microbiology and
Biotechnology, 23:1585-1593.

15

fermentation due to statistical optimization.
Bioresource Technology, 99: 824-830.

[9] Heinonen, J. K and Lahti, R. J. (1981). A
new and convenient colorimetricdetermination
of inorganic orthophosphate and its application
tothe assay of inorganic pyrophosphatase. Anal
Biochemistry, 113:313-317.

[10] Chadha, B. S., Harmeet, G., Mandeep, M.,
Saini, H. S. and Singh, N. (2004). Phytase
production by  thethermophilic ~ fungus
Rhizomucos pusillus.  World Journal of
Microbiology and Biotechnology, 20: 105-109.
[11] Vohra, A. and Satyanarayana, T. (2002).
Statistical ~optimization of the medium
components by response surface methodology
to enhance phytase production by Pichia
anomala. Process Biochemistry, 37: 999-1004.
[12] Vats, P. and Banerjee, U. C. (2002). Studies
on the production of phytase by a newly isolated
strain of Aspergillus niger var teigham obtained
from rotten wood-logs. Process Biochemistry.
38:211-217.

[13] Vats, P. and Banerjee, U.C.

(2004).Production  studies and catalytic
properties of phytases (myo-
inositolhexakisphosphate  phosphohydrolases).

Enzyme and Microbial Technology. 35: 3—14.

[14] Ramachandran, S., Roopesh, K.,
Nampoothiri, K., Szakacs, G. and Pandey, A.
(2005). Mixed substrate fermentation for the


https://fsct.modares.ac.ir/article-7-8930-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-15 ]

JEST No. 44, Vol. 11, Fall 2014 ABSTRACT

Optimization of phytase production by Aspergillus ficuum in
submer ged fer mentationusingResponse sur face methodology

Badamchi, M.}, Hamidi-Esfahani, Z.Z, Abbasi, S.

1- M.Sc. student of Faculty of Agriculture, Food Science and Technology Department, Tarbiat Modares University,
Tehran, Iran
2,3- Associat Professor, Faculty of Agriculture, Food Science and Technology Department, Tarbiat Modares
University, Tehran, Iran
(Received: 89/5/10 Accepted: 90/7/22)

In this research, the culture condition improvement on phytase productionby Aspergillus ficuum PTCC
5288 was investigated using submergedfermentation method in 250 ml shake flask. Four factors which
influencing phytase production, including carbon source (glucose) in five level (2, 3.5, 5, 6.5 and 8 g/100
mL), nitrogen source (ammonium sulphate) five levels (1, 2, 3, 4 and 5 g/100 mL), phosphor source
(wheat bran) five levels (1, 2, 3, 4 and 5 g/100 mL),and fermentation time five levels (48, 120, 192, 264
and 336 hour) were studied. The optimum levels of these significant factors were determined via response
surface methodological approach as: 5.23g/100 mL glucose, 1.6 g/100 mL ammonium sulphate, 3.28
g/100 mL glucose wheat branand198.30 hours.The maximum predicted amount of phytase was 39.61
U/mL and the produced amount of phytase under these conditions was 40.21 U/mL, which indicates the
efficacy of the model for prediction of phytase production content under different conditions of the
medium.

Keywords: Optimization, Phytase, Phytic acid, Submerged fermentation, Aspergillus ficuum, Response
surface methodology.
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