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Optimization of Medium of Milk Thistle Meal by Solid-State Fermentation
Using Response Surface Methodology

LI Feng', ZHANG Min*, ZOU Yan-min', LI Fang’,
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(1. School of Pharmacy,Jiangsu University ,Zhenjiang 212013, China; 2. School of Chemistry and Chemical
Engineering , Jiangsu University , Zhenjiang 212013, China; 3. School of Environment, Jiangsu University , Zhenjiang
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Abstract: Based on the index of crude protein content,the optimum medium of protein feed of milk
thistle meal by solid-state fermentation was determined by using single factor experiment and the
Box—Behnken response surface analysis. The optimized compositions of medium were as follows (w/
w) :mass ratio of milk thistle meal ,wheat bran and corn flour in the basic materials was 8:1.5:0.5;
glucose ,urea and phosphate monobasic potassium were accounted for 1.11% ,1.40% and 0.56% ,
respectively. Under these conditions,crude protein content of fermented sample was reached
38.43%. In vitro digestibility of the fermented product was measured under the optimum conditions.
The result showed that in vitro digestibility of crude protein of fermented product was 88.92% ,
which was decreased by 18.80% compared to that of unfermented milk thistle meal (70.12%). from
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the 3.47 mg/kg to 1.45 mg/kg. These results demonstrated that the hygiene quality and preservation

period of the Skipjack Tuna product have been improved.

Keywords: milk thistle meal,solid —state fermentation,response surface methodology,in vitro

digestibility

(Sliybum maruianum (L.) Gaerin.)

[1-2]
o

3]
]

22%~25%

40 )s
1254

,28

250 mL
48 h,

4l ,
[510
ANENRENCRTICTS e
1.1
: ( .
40226 (Aspergillus niger)
(Candida tropicalis ) ;
1.2:
1.2.1 BAAEAR
C 72 h, 4 °C
122 GRARART IR
50 mL
,120 t/min 28 C
123 B5A®
10%
60% ,28 C

72 h,45 C

1.3 1o
131 HAARARE B S K830

5:3:2.6:3:1.,7:2:1 .8:1.5:0.5 .9:

( )
0.5:0.5 5
132 #HBRALRMENEELBEG YA

0% .0.5% 1% 2% 3%

133 AWMABREERI M EXNEH S LBEN W
0% 1% 1.5% 2% .
2.5%,
134 AMHERLFmE s B SR G R
s 0.1% .0.2% .
0.4% .0.6% .0.8%
14
Box-Behnken
3
3 3
3
L,
1
Table 1 Coded levels and factors of response surface
analysis
==
1 1.5 2.0 0.4
0 1.0 1.5 0.6
-1 0.5 1.0 0.8

2013 32 1 (05)



LI Feng,et al: Optimization of Medium of Milk Thistle Meal by Solid-State Research Article
Fermentation Using Response Surface Methodology

1.5 )
: 1.5%
s GB/T 6432-94 o s
8] . , R
391
21 a8 | —=— A
211 A4k 1 , § ——F
80% & 7T
@ 36
’ K ]
b b QE{
, 90% M
s , 33 6 dS liO 1..5 2.0 2.5 3..0
RIS N =%
b b b 2
° Fig. 2 Effects of different carbon resources on crude
( protein content
) 8:1.5:0.5,
39
s ot
< 381
gz [ A=5:32 = —— JRFE
< S ——
= = 36 - —— BiREL
R =t
ﬂﬂﬂj % 351
= N
E 3|
= v . . . . .
0 0.5 1.0 1.5 2.0 2.5
FIRAS I/ %
IR B L 3
1 Fig. 3 Effects of different nitrogen resources on crude
Fig. 1 Effects of different ratio of raw and auxiliary protein content
materials on crude protein content 214 FWHEE KL KT B ARG 6
212 BRR B R E 3B ALY ’
° ° 4 ,3
2 ,3 ,
s > , 0.6%
1% ° o
o 2.2
213 RAERA LR e AT B A A B W YR 33 :
3 ,3 17 , 12 )5
b ’ b o 20

@ Journal of Food Science and Biotechnology Vol.32 No.l 2013



F M S R kAR A K T B A B A R B 3 SRR 09 AT
S : R?,,=0.963 6,
W e — A ~
g % | —e— AL 96.36% N
;\E —— iR EE ) ’
=
EE: 35 L o , 3
Eﬂ{ P s , XX,
=34
- ’ ’ XlZ \XZZ 5X32
33 X X X X X X X X X ’ Xl XZ )
0 01 02 03 04 05 06 07 08 09
TEHLER AN /% ’
4 o
Fig. 4 Effects of different inorganic salt resources on 3

crude protein content
2
Table 2 Experimental design and results of response

surface analysis

--
0

1 38.57
2 0 1 -1 34.19
3 =l 0 0 36.34
4 -1 -1 -1 33.67
5 1 0 =il 36.52
6 0 0 0 38.49
7 0 -1 -1 37.12
8 0 1 1 35.47
9 0 0 0 37.89
10 0 0 0 38.65
11 1 0 1 37.35
12 0 0 0 38.98
13 1 =l 0 36.37
14 0 -1 1 35.28
15 1 1 0 33.98
16 =l 0 1 34.99
17 -1 1 0 32.65

, Design Expert 7.0
¢ 2) ,

Y=38.52+0.82X,-0.77X,-0.13X~0.34X X +0.55X X+
0.78X,X - 1.78X *~2.57X 043X}
, 3, 3
: P<0.000 1, ,
(P=0.595 6>0.05), ,
R=0.984 1,

Table 3 Analysis of variance for the response surface

quadratic model

Model ~ 59.55 48.12 <0.000 1™
Xy 5.40 1 5.40 39.24  0.000 4™
X, 4.73 1 4.73 3438 0.000 6
X; 0.15 1 0.15 1.06 03374

XX, 0.47 1 0.47 341 0.107 2

XX; 1.19 1 1,19 8.64 0.021 7

XoX; 243 1 243 17.70  0.004 0™
X2 13.37 1 13.37 97.21 <0.000 1™
X2 27.74 1 27.74 201.73 <0.000 1™
X7 0.79 1 0.79 577 0.047 3°

0.96 7 0.14
0.33 3 0.11 071 05956
57.25 4 0.16
5893.18 16
R=0.984 1 R*,;=0.963 6
P 0.05,%%P 0. 01
Design Expert7.0
3D , 5. 5
(X1)> (X5)> (X3),
°
: : : ( ) 8:1.5:
0.5, 1.11% .1.40%
0.56% °
38.70%.

2013 32 1 (07)



LI Feng,et al: Optimization of Medium of Milk Thistle Meal by Solid-State

Fermentation Using Response Surface Methodology

Research Article

Fig. 5

[1]

FHER FUTTR 42 50 % WU LR KA E0%

HLE FTUTUR 2> 50 %

SN
RO
%0e% 0. .’" XX ‘\ X% ‘\\ RN

i saro SIS
oSNNS SN
RS
il 0, 0,0.0.0‘0 ¢ ‘\Q &
KRR

4 77
Y
ST
1
s
I At o seostas
AL
y ! ”llllzz’lz;lz;"'
e g et ver g

”ll
T
iy
7

0
1%
] iyt
Iy
i Il//,,, Ill,,’l
I/I/III,,Z;Il,
),

7
7
i

(X1)« (X2) (X5)

Response surface plot for the effects of glucose

(Xi1),urea  (X;)

and potassium dihydrogen

phosphate (X;) on crude protein content

s

. [J1.

2.3
38.43%,
24
88.92%,
(70.12%) ,
ol PES
13.11%,

( )
1.4%

8:1.5:0.5,
0.56%

38.43%  88.92%,

,2010,32(7) : 1225-1228.

0.27%,

1.11%

DONG yan,KONG Chun —yan. Study on extraction of active ingredients of milk thistle [J]. Chinese Traditional Patent
Medicine,2010,32(7) :1225-1228.(in Chinese)

[2 ] M Angeles Sanchez—Sampedro,Rafael Pelaez, Purificacion Corchete. An arabinogalactan protein isolated from medium of cell

suspension cultures of Silybum marianum (L.)Gaernt[]J]. Carbohydrate Polymers,2008,71(4) :634-639.

[3]

-

,2008,23-25.

LIU Hong -ling. Progress of chemical composition and pharmacological effects of Silymarin [J]. Chinese Journal of
Ethnomedicine and Ethnopharmacy,2008,23-25.(in Chinese )

@

Journal of Food Science and Biotechnology Vol.32 No.l 2013



[4] . 0l ,2008(1):75-77.
SUN Yan —hui,DONG Ying. Extraction process optimization of total flavonoids of milk thistle meal [J]. Cereals and Oils
Processing ,2008 (1) :75-77.(in Chinese )

[5] L . 1. ,2007(4) : 58-60.
SUN Yan —hui,DONG Ying,QI Li-li. Ultrasonic assisted extraction of protein of milk thistle meal [J]. Cereals and Oils
Processing ,2007 (4 ) : 58-60. (in Chinese )

[6] , , . 1. ,2000(11) : 16-19.
WANG Wei-guo,DENG Jin—ming, LIAO Zai—sheng. A trial study on the relationship between particle size of feed ingredients
and digestibility of protein in vitro method[J]. Cereal & Feed Industry,2000(11):16-19.(in Chinese)

[7] , , . PES [J]. ,2003,18(1):70-73.
GU Sai-hong,SUN Jian—yi,LI Wei—fang. The nutritional value of cottonseed meal fermented by A niger [J]. Journal of the
Chinese Cereals and Oils Association,2003,18(1):70-73.(in Chinese)

( ): 57
( ): Biophysical Society 57th Annual Meeting
: 2013-02-02 : 2013-02-06
: : Pennsylvania Convention Center
: Biophysical Society
: Biophysical Society : 240-290-5600
: http://www.biophysics.org/Meetings/AnnualMeeting/tabid/85/Default.aspx
The Annual Meeting is held each year in February or March. With over 6,000 attendees, the
meeting is the largest gathering of biophysicists around the world. More than 3,500 abstracts are submitted each year,
which are programmed into poster and platform sessions.
The meeting includes Symposia, Workshops, Minisymposia, Subgroup programs, and the National Lecture, as well as

Educational Exhibits, Exhibitor Presentations, and Committee Events.
( ): 2013

: 2013-01-18 : 2013-01-20

: 010-62816076 13810190305 : 010-62819432
E-MAIL: sklan2011@163.com
:  http://www.caas.net.cn/caasnew/ggfw/kyxx/6743 1 .shtml

2013 1 18-~20 « 2013
(SKLAN 2013)”,

2013 32 1 @



