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Effect of Magnetic Fe;O, Particles on Enzymatic Hydrolysis
of Sunflower Seed Hull
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(College of Environmental Science and Engineering, Hunan University, Changsha, Hunan 410082, China)

Abstract: The effect of magnetic Fe;0, particles on cellulase in the enzymatic hydrolysis of sunflower seed
hull was studied in different adding ways and additive amount. In the process of enzymatic hydrolysis of
sunflower seed hull, the variations of cellulase activity, reducing sugar concentration and cellulose conver-
sion were evaluated. After the reaction, the analysis of pH and surface tension of hydrolysate were also used
to determine the mechanisms of cellulase by the magnetic effect. The results indicated that after adding
magnetic Fe;0,, the cellulase activity, reducing sugar concentration and conversion of cellulose had an in-
creased between the 0.5 g/L and 2.0 g/L cases after 48 h. When the additive amount of magnetic Fe;O4 was
2 g/L, the cellulase activity at 60 h was improved significantly by 25.9%. It was found that the concentration
of reducing sugar was increased from 6.950 mg/mL to 8.775 mg/mL with magnetic Fe;0,4 1.5 g/L. Simulta-
neously, compared with the blank, which the conversion of cellulose was 47.932%, the maximum cellulose
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conversion of samples with adding

magnetic Fe;0,was 60.531%. Besides, the stability of cellulase activity

adding in times was better than in one time. After the reaction, the final surface tension of hydrolysate with
1.5 g/L magnetic Fe;O4 was the lowest in comparison with the blank. However, no significant differences
were observed in the final pH of the hydrolysate.

Keywords: Magnetic Fe;0,, Cellulase, Enzymatic hydrolysis, Sunflower seed hull, Magnetic field
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4000 r/min, 10 min s
FPA 96h , 15%
pH 25%, 50%  10%,
, 1 3 8% 70% ,
.1 : ,
13% 30%  47%
24 h 48 h 2 3
, 4000 r/min, 10 min ,
FPA
1.5 MEFHE 2.2 HEMRINE X AU REKER I
FOSS ) )
(DNS) [
(IUPAC) pH
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1.0 pmol ( ) FPA(Filter
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Table 1

222 HMAMEMERERENEZE: 2
3g/L
6.950 mg/mL,
48 h

96 h
, 20.85% :

=1

LT FLERL
Composition of sunflower seed hull

(%)
Celllulose content

(%)
Hemicellulose content
before zymolysis (%)

(%)
Xylogen content
before zymolysis (%)

(%)
Celllulose content
after zymolysis (%)

WiETEL before zymolysis (%)
34.791
Hull sample
. . 40.010
Dilute acid pretreatment
43.489

Mildbase pretreatment

14.227 10.410 30.268
7.114 9.577 28.077
12.804 3.123 22.644
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Fig. 4 Final surface tension of the enzymatic hydrolysis
with magnetic powder amount

2.25 iR EXN pH ERIEE:

s pH 4.80
, 96 h pH s
pH 4.55 5 ,
,96 h pH
, pH 4.4~5.2
pH , pH

[17]

pH

pH

0.0 0.5 1.0 1.5 2.0 3.0 5.0
Magnetic powder amount (g/L)

5 AR E TSR pH
Fig. 5 Final pH of the enzymatic hydrolysis with magnetic
powder amount

http://journals.im.ac.cn/wswxtbcn

,48h

4

Relative FPA (%)

5 1 —&— Adding in one time
—— Adding in several
times
0 1 1 1 1 1
0 20 40 60 80 100

t(h)
6 HEMARMARX I T Y EEEEETENEZN

Fig. 6 Effect of adding ways on cellulase activity with
magnetic powder

10

5.: of *-—___-—:_-T‘ﬂ

E sl A~

E

= Tr

8 [ o—o—=©

E ey /

g —d

o 5+

Ve

= 4 +

=] -

g

P 5{/’/ —o— No addition

= &« - .

R —®— Adding in one time

E 1k —a— Adding in several times
0 : - .

0 50 100 150

¢ (h)

7 HERYER AT R 3T R HE R B R 20
Fig. 7 Effect of adding ways on reducing sugar concentra-
tion with magnetic powder

© HERFEMEDFRAETIEESHRIEET http://journals. im. ac.cn



Fe3O4 1493

) , ) 60 h

[23]

3 Wig

3.1 A[EFALIE JG 3k X 2 L AT S i R AU =2 ’
McMillan!®! , )
, , 1 2
, . 0.5g/L~2.0gL |,
, 3g/L
[19]
[20]
3.2 HAMMER TEE/KBRBYREIN 2 4 ,
(CD), R
(CBD) , , (] , 3 g/L
, (21 S5g/L
, 48 h
’ 1 6 , [24]
[22]
(el 48 h , ,

http://journals.im.ac.cn/wswxtbcn

© HERFEMEDFRAETIEESHRIEET http://journals. im. ac.cn



1494 R L X R

2009, Vol.36, No.10

[25]
1 2 3,
2 g/l ,FPA
, 1.5¢g/L
, FPA s
[26-28]
; ,» PH
[29.30] 4
1.5¢g/L
1.5g/L
2 g/L ,
4 i
1) Fe;04 0.5 g/L~2.0 g/L ,
48 h
Fe304
2) FC304

http://journals.im.ac.cn/wswxtbcn

O

—

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

© PERFRMEIF RS %IEET http://journals. im. ac. cn

3) FC304 5
pH

% 3 Wk

Nurdan Eken-saracoglu, Mutlu SF, Gines Dilmac, et al. A
comparative kinetic study of acidic hemicellulose hy-
drolysis in corn cob and sunflower seed hull. Bioresource
Technology, 1998, 65(1): 29-33.

Hasan Ferdi Gercel. Production and characterization of
pyrolysis liquids from sunflower-pressed bagasse. Biore-
source Technology, 2002, 85(2): 113-117.

Sanjeev KS, Krishan LK, Gurvinder SK. Fermentation of
enzymatic hydrolysate of sunflower hulls for ethanol
production and its scale-up. Biomass and Bioenergy, 2004,
27(4): 399-402.

Miijjgan TO, Nurdan ES. Fermentation of sunflower seed
hull hydrolysate to ethanol by pichia stipitis. Bioresource
Technology, 2008, 99(7): 2162-2169.

Gordula Griittner, Sandra Rudershausen, Joachim Teller.
Improved properties of materials as particle matrix. Magn
Magn Mater, 2001, 225(1): 1-7.

Li Guiyin, Jiang Yuren, Huang Kelong, et al. Preparation
and properties of magnetic Fe;04—chitosan nanoparticles.
Journal of Alloys and Compounds, 2008, 466(1-2):
451-456.

Saiyed ZM, Sharma S, Godawat R, et al. Activity and sta-
bility of alkaline phosphatase (ALP) immobilized onto
magnetic nanoparticles (Fe;O,). Journal of Biotechnology,
2007, 131(3): 240-244.

Lei Zhongli, Bi Shuxian, Hu Bing, et al. Combined mag-
netic and chemical covalent immobilization of pectinase
on composites membranes improves stability and activity.
Food Chemistry, 2007, 105(3): 889—-896.

Horst F, Rueda EH, Ferreira ML, et al. Activity of mag-
netite-immobilized catalase in hydrogen peroxide de-
composition. Enzyme and Microbial Technology, 2006,
38(7): 1005-1012.

s s E

, 2006, 27(12): 335-338.

( ), 1998, 19(1):
41-46.

, 2006, 6(10): 111114

, 2003, 9(17): 66—68.



Fe3O4

1495

[14]

[15]

[16]

[17]

[18]

(19]

(20]

(21]

[22]

, 2002.
pp-1-3.
Ghose TK. Measurement of cellulase activities. Pure Appl
Chem, 1987, 59(2): 257-268.

, 2007, 28(9): 2129-2133.

Gregg DJ, Saddler JN. Factors affecting cellulose hy-
drolysis and the potentialof enzyme recycle to enhance the
efficiency of an integrated wood to ethanol process. Bio-
technol Bioeng , 1996, 51(3): 75-83.
McMillan JD. Pretreatment of lignocellulosic biomass
//Himmel ME, Baker JO, Overend RP. Enzymatic Con-
version of Biomass for Fuels Production. USA: ACS
Symposium Series, 1994, pp.292-324.
Solange IM, Marcela Fernandes, Adriane MFM, et al. Ef-
fect of hemicellulose and lignin on enzymatic hydrolysis
of cellulose from brewer’s spent grain. Enzyme and Mi-
crobial Technology, 2008, 43(2): 124—129.

, 2007, 46(6): 1006—1008.

2004, pp.46-48.
, . Tween 80

5 s

(23]

[24]

(25]

[26]

(27]

(28]

[29]

[30]

, 2008, 29(7): 2998-3004.

, 2004, pp.27-36.
( ), 1999, 26(5):
18-23.

, 2000, 8(4): 7-13.
Sugiyama. Combined infrared and electron diffraction
study of the polymorphism of native cellulose. Macro-
molecules, 1991, 24: 2461-2466.
Barbara Hinterstoisser, Lennart Salmén. Application of
dynamic 2D FTIR to cellulose. Vibrational Spectroscopy,
2000, 22(1-2): 111-118.

, 2003, 13(1): 21-29.

Tomme P, Warren RAJ, Gilkes NR, et al. Cellulose hy-
drolysis by bacteria and fungi. Adv Microb PHysiol, 1995,
37: 1-81.

Gong Liangfa, KU Ruxiong, Xu Xin, et al. Surface ten-
sion of aqueous solutions of inorganic salts and those
surfactant. Journal of Beijing Institute of Petro-chemical
Technology, 2000, 8(1-2): 42—-46.

AR Ry HRY Ry R Y RY SR Y HRY Y Y oY Y oY Y HRY Y RY oY Y HRY Y ARY oY R oY) Y HRY Y AR Y oK) oY Y AR Y Y oY Y HRY Y ARY Y R oY Y ARY Y AR oY) R oY Ry RY Ry R Y

EiT RS

2010 FP MR LT IATIBLS RBBBLSIEIT2®m 230 |

( 4 ), 55.00 , 660 ISSN 0001-6209; CODEN
WSHPAS 2-504; BM67
( 25 ), 65.00 780 ISSN 1000-3061; CODEN
SGXUED 82-13; BM5608
( 20 ), 48.00 576 ISSN 0253-2654; CODEN
WSWPDI 2-817; BM413
( 15 ), 80 480 ISSN 1672-6472; CODEN
JXUUAE 2-499; Q723
(100101) 1 3 B401
; (010)64807521; E-mail bjb@im.ac.cn

http://journals.im.ac.cn/wswxtbcn

© PERFRMEDHRAETIFESMwIES http://journals. im. ac. cn



