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Statistical Optimization of Fermentation Medium for Pullulan by
Aureobasidium pullulans

ZHANG Yibo', ZHAO Yi’, CHAI Yuwshuang', HAN Wei', XUE Xue,
WANG Fei', WANG Arming', LU Jiwhui', TENG Lirong '
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Abstract: In order to obtain the optimal medium composition for Pullulan production, statistical
method was used to investigate the medium components for pullulan concentration by
Aureobasidium pullulans in this study First, the Plackett-Burman design was used to evaluate the
effects of six variables including glucose, yeast extract, KH2PO4, MgSO+ 7TH2 0, (NH4)2 SO0+
and NaCl. Subsequently, a threelevel three factor Box-Benhnken design was employed to
determine the maximum Pullulan production at optimum concentration of glucose, yeast extract
and NaCl. T he optimal values of the three parameters determined by RSM were glucose 5. 675% ,
yeast extract 0. 405% and NaCl Q 0815% . T he Pullulan production was 32 1g/L, and the actual

experimental result was 32 16g/ L. They were in well agreement and it is 5 0 folds of the
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Pullulan production before optimization.

Key words: Aureobasidium pullulans, plackettburman design, response surface analysis

methodology (RSM)

(Awureobasidium p ullulans)

R ( Pullulan t
axl,6
[2.4]
2
[5]
Plackett- Burman

[6]

(Response Surface Methodology, RSM)

B

’
[7- 10]

Plackett- Burman
(Response Surface Methodology, RSM )

1 MHHEME

11
AT CC16623,
ATCC
12
13
:PDA
(g/dL): 5,

Q 6, a3, Q 06, 0 02,

0 05,pH6 0,120 C 30 min
14
SHB-1II
, PX-150-Z :
,SANYO : ,
101 A-2E : )
(d=0.001 g):
, 7152
2 KRk
21
;4 C, 80% , ,
[11] 7
22
221 5 ¢l

dL, KH2PO0s 0. 6 ¢/ dL, 0.3 g/dL, (NH4)2
S04 0 06 g/ dL, MgSOs * 7H20 O 2 g/ dL, NaCl
0 05 g/dL

2
(e

4% , 28 C,
120 r/ min, 96 h
222 AL FZAEIRHAANAR
Plackett- Burm an 6

, 6 6

N= 12 Plackett Burman
2 [13]

223 PomAsth s A AR Box-

Benhnken

[15]

?

) )

Y= b+ Zbixi+ Zby'xixj+ Z[)ﬁxzxi(l)
2 Y ) ., b



% 3 KBRS Rt o ik EL &L REEIER AR PR 405

2 xi 2
Xi : KH2PO4 (NH4)2S0s MgS0O4+ 7TH20  NaCl
xi= (Xi+ Xi)/AX: (2) ) 3
: Xio ; o
AXi Tr T
)
3 4Rbiti 5°
5
3l i
N TR 2= 0~ sz ~ ﬂ]m 4 B
311 HRARAEGESF #
3 -
8 r 2 1 1 1 1 1 1
— 4.0 4.5 5.0 5.5 6.0 6.5
7t /. — BRI R B/ (g/dL)
06 8
ﬂﬂﬂ \I
L5
el r —

3 N
T
N

/(g/L)

2 1 1 1 1 1 1 Rl 5k
40 45 50 55 60 65 &1
BRIR R R B/ (g/dL) Hn
(a) 4+
37020 025 030 035 040 045
IR R B WK B/ (g/dL)
(b)
8 -
/-\7'
a —
20
@ 6 /
by
A1
@ ol
i
4_
(a)  (b) 37050 055 060 065 070 075
KH,PO, i & K fF/(g/dL)
1 . (c)

Fig.1 Effects of carbon and nitrogen sources on Pullu-

lan production 8r _/-\
1( a) %\D r \
) ]]j?ﬁﬂ 6 \.\.
o
’ A s
, :
im
1(h) : i
3 -

0.04 0.05 006 0.07 0.08 0.09
(NH,),SO, i & ¥ F/(g/dL)
(d)

312 BAAKEERTHILGLE



406 £ % 5 4 4 #H K F H#K %30 %
9 -
oL /\ 55 ¢/dL
g /_/ 7 47 ¢/ L 5.5¢/dL
& 2(b) :
‘|;L -
36 L ’
ﬁﬁ 040g/dL 7.97 g/ L
T st 040 g/dl.  2(c)
KH:PO4 ,
0.03 004 005 006 007 008 ,  KH2PO« 065%
MgSO - 7H20}%‘i;)5m§/(g/dL) 8 1 g/l KHo»
PO« 0. 65 g/ dL 2(d)
Hr (NH4)2804 ,
1or _/\ . (NH4)2804 005
L _——
~ 9 n
% _/ g/ dL 8 36 ¢/L
8 (NH4)2S04 0 05¢/dL  2(e)
;ﬁ 7r MgS04* 7TH20 ,
gﬁ 6 , MgSO4* 7TH>
T st 0 0.07 ¢/ dL.
4t 8 712¢/ L. MgSOs ¢« 7TH20
0.04 0.05 006 0.07 o008 0.09 Q07 g/dL 2(f) NaCl
NaCl/(g/dL)
(f) s )
(a) (b NaCl 0 08 g/dL.
;(C)KH2P04 10 5 g/L NaCl
; (d)(NHg) 280, i(e)Mg Q 08 g/dL
SO4° 7H,0 ; () NaCl 32 (Plack
ett — Burman Design)
2 SAS 8 12
Fig. 2  Effects of medium concentration on Pullulan
. Plackett- Burman 1,
production
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Tab.1 Results of Plackett Burman design experiments
/(g dL)
(NH,) S0, KH,PO, M SO, * 7H,0 NaCl /
A B c D E F G H (g/L)
1 8.25 0.4 0.75 0.65 0.07 0. 08 - - 21. 41
2 8.25 0.6 0.5 0.975 0.07 0. 08 - - 22. 87
3 5.5 0.6 0.75 0.65 0. 105 0. 08 - - 10. 49
4 8.25 0.4 0.75 0.975 0.07 0. 12 - - 18.76
5 8.25 0.6 0.5 0.975 0. 105 0. 08 - - 21. 69
6 8.25 0.6 0.75 0.65 0. 105 0. 12 - - 19. 83
7 5.5 0.6 0.75 0.975 0.07 0. 12 - - 6.350
8 5.5 0.4 0.75 0.975 0. 105 0. 08 - - 6.980
9 5.5 0.4 0.5 0.975 0. 105 0. 12 - - 2.330
10 8.25 0.4 0.5 0.65 0. 105 0. 12 - - 17. 89
11 5.5 0.6 0.5 0.65 0.07 0. 12 - - 11. 65
12 5.5 0.4 0.5 0.65 0.07 0. 08 - - 10. 88
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1 Plackett — Burman 1
12 / / NaCl/
’ (g dL) (g dL) (g/dL)
, X, X, X; Y/(g/ L)
,  Plackett-Burman 5 5.5 0.36 0. 076 27.18
6 .5 0.36 0. 084 27.13
Y= 14. 26+ 6 1484 + 1. 219B - 0. 2908C - 7 5.5 0.44 0. 076 26.88
1. 098D—- 1. 059E- 1. 459F + 0. 0675G—- 0. 0825H 8 5.5 0.44 0. 084 30.16
R*= 98 26%, 9 5.1 0.40 0. 076 25.64
Plackett- Burman 10 5.9 0.40 0. 076 28.11
Plackett — Bur 11 5.1 0.40 0. 084 25.88
man a 2 12 5.9 0.40 0. 084 31.57
2 Plackett = Burman d 13 5.5 0.40 0. 080 31.54
Tab. 2 Regression analysis and t test of the Plackett — Bur 14 33 0.40 0. 080 31.59
man design experiments 15 5.5 0.40 0. 080 31.47
/ol dL) - Pr> | SASV9. 0
A 1.2295 12.096 9 0.001 22 ’
B 0.2438 239905 0.09596  © ’
(NH,)2S0, € —-0.05817 - 0.5723 0.607 19 ’ Matlab7. 5
KH,PO, D -0.2195 -2.15964 0.11962
MgSO4+ 7H,0 E - 0.21183 —2.084 21 0.128 49 SASVA 0 ’
NaCl F -0.29183 - 2.87132 0.06398 :
Y= 31533+ 1.5325X1+ Q65375X2+
6 - : 0 86625X3— 1. 925 42X1X1- 1. 06X 1 X2+
(P=0. 001 216), 0 805X 1 X3— 1. 887 92X2 X2+ Q 832 5X2X35-
NaCl( P= 0. 063 981) (P= 1 807 9X3Xs
Q 095 956) , ;Y X1 X2 Xs
t , NaCl
3 , 4
4 Box Behnken
33 Tab.4 Regression analysis of the Box Behnken design experi
331 TR E S A3 5T T ments
Plackett — Burman / / / Fo Pr> F
DF SS MS F
3 ’ X 1 0.187 884 0. 187 884 44.693 1 0.001 13
3 X, 1 0034191 0034191 8.13322 0.035 75
Tab.3  Results of the Box Behnken design experiments X; 1 0.060031 0.060 031 14.279 9 0.012 91
( dL)/ (g/dL)/ (1;7% XX, 1 0136882 0.136 882 32.561 0.002 31
Xy X X3 Y/(g/'L) XX, 1 0.044 944 0.044 944 10.691 1 0.022 21
1 5.1 0.36 0.080 25.01 X Xs 1 0025921 0025921 6.16597 0.055 63
2 5.1 0.44 0.080 28.38 X,X, 1 0131 602 0.131 602 31.304 9 0.002 52
3 5.9 0.36 0.080 29.18 XoXs 1 0.027 722 0.027 722 6.594 44 0.0501 6
4 5.9 0.44 0.080 28.31 X;X5 1 0.120 685 0.120 685 28.708 1 0.003 04
9  0.718 032 0.079 781 18.978 0 0.002 37
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