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( ) :0.30 %KH2PO4 ,0.60 % Na. HPOs - 7H.0 ,0.01 % NaCl ,0. 80 % ,1.33%
, , pH 6.0, 28
210r- min ', 68 h, 75 mL , 5%, 0.054 mm.
119.36p kat - L, 32
TQ 920.6; Q 814.9 A

(EC3.1.1.73,Ferulic Acid Esterases,FAE) , )

[12]

[3]

, (Aspergillusniger) 2 AnFae A AnFae B
a1 [57] 8]
’ e ’
1
1.1
1.2
(1) : 1 pH . (2) : 1 , ,
pH , 28 ,200r- min*' 4 d. (3) o1 ( ):0.1%
KH2PO4 ,0.4 % Na HPOs - 12H.0,0.02 % NaCl ,0.02 % MgSOs - 7H20,0. 005 % CaCl. ,0.6 %
,6.0% . (4) ;250 mL 100 mL , 1%
PH , 28 ,200r- min* 80 h.
1.3
(101 . 250ML 2500 L
,50 15 min, 500 L 10 % . (10000 r - min %)
15 min, 4 . )
50 ,pH 6.0 , , 1M mol
1.4
(1) ) DPS - 7 7 us (77)
2008-11-19
(1957-) , , . Email :fangbs @hqu. edu. cn.

(973) (2007CB707804)
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( ) 1 Xa , X2 , X3 KH2POs ,Xa Na&HPOs - 7H.0,Xs  NaCl, Xs
MgSOs - 7H.0,X;  CaClz - H20. (2) . , ,
: (V1) pH €)
(v) (V) (0 (d)
2
2.1
, 1 . 1 ,Z
KH2PO4(X1) ,Na2 HPOs - 7H.0 ( X2) ,NaCl ( Xs) ,MgSO;s - 7H20( Xa) ,CaClz - H20( Xs) ,
(Xe) , (X7) , .
R ) )
Y = 26.762 - 1713.678X4 - 2 622.615Xs + 41 831.527 X4° + 47 299. 663 X3 Xs.
1
Tab.1 Resultsof uniform-design for optimization of medium formulations
Xu! % Xal % Xal % Xal % Xs! % Xel % Xzl % Zpukat- Lt
N1 0.30 0 0.015 0.025 0.004 0.45 10.0 0.433
N2 0 0.1 0.005 0.010 0.002 0.15 7.0 1.734
N3 0.25 0.3 0.025 0 0 0.30 4.0 4.434
Na 0.05 0.2 0.030 0.015 0. 005 0.60 1.0 0.733
Ns 0.15 0.6 0.010 0.030 0.003 0 2.5 1.134
Ns 0.20 0.4 0 0. 005 0. 006 0.75 5.5 0.500
N+ 0.10 0.5 0.020 0.020 0.001 0.90 8.5 1.067
R 0.99,F 58. 852, p 0.017, S 1.331,Durbin-
Watson d 1.299. , . ,
2 . 2 , Cr(y, Xs) > r(y, Xa) > r(y, X?) >
r(y, Xs Xs) . ) 2
, ( ) :0. 30 % Tab.2 Sgnificant test results
KH2PO,4 ,0.60 % Na: HPO, - 7H.0 ,0.01 % NaCl ,0.80 % t p
1.33% _ , r(y, Xa) - 0.985 7.968 0. 004
4.818ukat - L', DPS 4468 " xsz) -0.989  9.266 0.003
1 r(y, Xs°) 0.976 6.298 0. 008
Wkat - L 7.84%. ' r(y.XsXs)  0.932  3.637__ 0.036
3.734pkat - L1,
29%, .Mg** ,ca* ,
[10]. , Mgz+ ,Ca2+ ’
Mg ,ca"
2.2
2.2.1 «C . (V1) ( z
: ) : 1 1 : ,
B mL ,
2.2.2 pH pH , 2 2 ,
pH pH 5.0 8.0 ;
;o pH 6.0 , ,

2.2.3 (v) : 3 : 3 ,
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( ) 2010
: , . 210r- min*t
2677 2.00 3331
2.00 |
- 133 _
P e E
_\§ 133} % g
0.67 i
0.67
0 L L . . . ) 0 . . . . )
20 40 60 80 100 120 140 0 50 100 150 200 250
¥i/mL n/r-min”!
1 2 pH 3
Fig.1 Hfectsof volumeson FAE Fg.2 Hfectsof pHon FAE Fg 3 Hfectsof shaker speed on FAE
2.2.4 ©) , 4 . 28 32 )
28 32 , 1 )
2. 2. 5 (VZ) y 5 5 ) )
. 4 mL ,
2.2.6 (1) , 6 6 , 68 h ,
125.0
100.0
E I 3
2 g R
500}
N L 25.0 . ‘ s . ‘
2 4 6 8 10 40 50 60 70 80 90
75/mL t/h
4 5 6
Fg.4 Hfectsof temperature Fig.5 Hfectsof bacteria Fig.6 Hfectsof culture
on FAE concentration on FAE timeon FAE
2.2.7 (d) , 7 . 7 ,
117.7
! ’ 108.4 F
28 210 r - min"*, T
68 h, 75mL, 5%, pH 6.0, Z 00l
0.054 mm. )
, 119.36p kat - L™ ", 917}
3.734p kat - L ! 32 ,
834 I ! L ! |
0 0.1 0.2 0.3 0.4 0.5
d/mm
7

Fg.7 HEfectsof grain diameter on FAE



4 , 429

[1] MARKL J,SUN R ,BANKS W B. Fractional characterization of a kaliHabile lignin and al kali-insoluble lignin from
wheat straw[J]. Industria Crops and Products,1996 ,5(4) :291-300.

[2] RALET M C,FAULDSCB ,WILLIAMSON G, et al. Degradation of feruloylated oligosaccharides from sugarbeet
pulp and wheat bran by ferulic acid esterase from Aspergillus niger[J]. Carbohyd Res,1994 ,263(2) :257-269.

[3] CARVALHEIRO F,ESTEVES M P,PARAJO J C. Production of oligosaccharides by autohydrolyss if brewery’ s
spent grain[J].Bioresource Tech,2004,91 (1) :93-100.

[4] SINDHU M ,ABRAHAM T. Ferulic acid: An antioxidant found naturally in plant cell walls and feruloyl esterases
involved in its release and their applications[J]. Critical Reviews in Biotechnology ,2004 ,24(2/ 3) :59-83.

[5] BREZILLON C,KROON P A ,FAULDSCB, et a. Nove ferulic acid esterases are induced by growth of Aspergil-
I us ni ger on sugar-beet pulp[J]. Appl Microbiol Biotechnol ,1996 ,45(3) :371-376.

[6] MICARD V ,THIBAUL TJ F. Oxidative gelation of sugar-beet pectins: Use of laccases and hydration propertries of
the crossdinked pectins[J]. Carbohyd Polym ,1999 ,39(1) :265-273.

[7] BARTOLOMEB ,SANTOSM JIMENEZJ J, et a. Pentoses and hydroxycinnamic acids in brewer’ s spent grain
[J]. Cerea <ci,2002,36(1) :51-58.

[8] FAULDSCB ,WILLIAMSON G. Efect of hydroxycinnamates and benzoates on the production of feruloyl esterases
by Aspergillus niger[J]. Sci Food agric ,1999 ,79(3) :450-452.

[9] CRAWFORD D L. Lignocellulose decomposition by selected Streptomyces strains[J]. Appl Environ Microbiol ,
1978 ,35(6) :104-105.

[10] , , . [M]. : ,2003 :104-106.

[11] , ) DPS [M]. : ,2002:311-313.

[12] . [M]. : ,1994:75,

[13] , : .o [J1. ,2005,31(8) :104-
106.

Optimization of Fermentation Conditions of
Ferulic Acid Esterase Producers

FAN Yun-min, LI Xiadan, FAN G Bai—-shan

(Key Laboratory of Industrial Biotechnology of Fujian Province, Huagiao University , Quanzhou 362021, China)

Abgtract :  The optimal parameters of fermentation conditions of ferulic acid esterase from brewer’ s spent grain were ob-
tained through uniform-design and quadratic polynomia regresson techniques. The optimal culture medium were as fol-
lows( %) : KH2PO4 0.30 ,Na: HPO, - 7H20 0.60, NaCl 0.01, yeast powder 0.80, brewer’ s spent grain 1. 33. Based on
the results above, the influence of fermentation conditions on enzymes were a0 studied by single factor method and the
optimal conditions were confirmed as follows: the optimizationinitial pH 6.0, cultural temperature 28 | the strain was
cultivated with 75 mL medium in a 250 mL flask for 68 hon 210 r - min™* shaker , inoculum concentration 5 % and grain
diameter 0.054 mm. Ferulic acid esterase reached 119. 361 kat - L ~* under optimal conditions, increased 32 times than
that before optimization.

Keywords: ferulic acid esterase; brewer’ s spent grain; optimization; uniform-design



