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1 SAS8.1 95.25% AdjR® =
23 95.25% P 0.05
Y = 414.49 + 4.72X, - 11.825X, + 3
1.635X; - 10.03X, - 13.45X, - 6.43X, P
0.040423 0.05
1 N=16
Table 1  Experimental results for FFD as N = 16

Run Xy X X3 X4 Xs Xe Y/ AU/mL
1 1 5% -12% -12h -15% -15h -1 1/20 215.6
2 1 -1 -1 -1 1 66h -1 210.7
3 -13% 1 3.25% -1 -1 1 1 1/15 195.56
4 1 1 -1 -1 -1 1 199.7
5 -1 -1 1 4h -1 1 1 220.68
6 1 -1 1 -1 -1 1 227.56
7 -1 1 1 -1 -1 -1 215.22
8 1 1 1 -1 1 -1 213.06
9 -1 -1 -1 1 10% -1 1 216.64
10 1 -1 -1 1 1 1 199.1
11 -1 1 -1 1 1 -1 195.22
12 1 1 -1 1 -1 -1 218.9
13 -1 -1 1 1 1 -1 188.5
14 1 -1 1 1 -1 -1 226.48
15 -1 1 1 1 -1 1 191.66
16 1 1 1 1 1 1 181.34

X, the concentration of CaCl, X,

of entrapped cells Y bacteriocin activity.

the concentration of sodium alginate Xj

2
Table 2 Variance analysis of regression equation
Source DF SS MS F Prob> F
Model 13 3016.978  232.0752  24.15814  0.040423
Error 2 19.213 9.6065
Total 15 3036.191
R*=99.37% AdjR* =95.25%
3
Table 3 Regression coefficients and their significance of the squadratic model
Term Estimate Std Err T Prob> Itl
X, 4.72 1.549718 3.045716 0.093006
Xy -11.825 1.549718 -7.63042  0.016745
X 1.635 1.549718 1.055031 0.402044
Xy -10.03 1.549718 -6.47215  0.023051
Xs —-13.45 1.549718 -8.679 0.013017
X -6.43 1.549718 -4.14914  0.053471
2.2
3
CaCl, 5% 4 h

immibilization time X4

inoculation volume Xs

culture time  Xg

the density

1720
4 2
4 2.75%
62 h 8%
4
Table 4 Experimental designs and the results of steepest ascent
N Sodium Culture time  Inoculation Bacteriocin
° alginate/ % /h volume/ % /AU/mL
1 3.25 66 10 207.48
2 3 64 9 215.60
3 2.75 62 8 258.26
4 2.5 60 7 235.93
5 2.25 58 6 227.89
6 2 56 5 235.66
2.3 Box-Behnken
5 SASS. 1
Box-Behnken
15

12
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7
6
5 Box-Behnken
Table 5 Levels and codes of variables for Box-Behnken Y, = 290.13 + 21. 1475X1 + 12 93375X2 +
. ‘ Lovels 39.30125X, - 30. 11125X> — 2.645X, X, + 26.285X, X,
actors Encode ] 0 ]
—— - 38.68375X; + 10.9325X, X, — 50.42875X; 1
Sodium alginate/ % X 2.5 2.75 3
Inoculation volume/ % X, 7 8 9
Culture time/h X; 60 62 64 Y, =12.46667 + 0.475X, — 0.1875X, — 0.0625X,
—0.433333X; —0.325X, X, —0.125X, X, —0.208333X;
6 Box-Behnken )
+0.3X,X, - 0.658333X2 2
Table 6 Box-Behnken experimental design and measured and
predicted values of bacteriocin and the number of cell cycle Y, Y,
Y, bacteriocin AU/mL. Y, the number of cell cycle
Run Xi X2 X3 Measured  Predicted  Measured  Predicted 1 7
value value value value P =0.000218
1 0 -1 -1 159.4 159.72 12.3 12.15 P=0.6764 X, X, X,
2 -1 -120 190.53 184.61 11.3 11.21 P <0.01
3 1 -1 0 231.71 232.19 12.7 12.81 P<0.0l X, X, X, X,
4 0O 0 0 301.93 290.13 12.6 12.47
P >0.05
5 0 1 -1 168.84 163.72 11.3 11.18 5 p
6 0O 0 0 283.41 290.13 12.4 12.47 -
7 -1 0 1 200.66 201.46 11 10.96 0.008216 P =0.1503
8 0 -1 1 21133  216.45 1.3 11.43 X P <
9 0 1 1 2645 264.19 11.5 11.65 0.01 X X X, X, X, P<
10 -1 0 -1 169.82 175.43 10.6 10.84 0.05 X%
11 -1 1 0 216.25 215.77 11.6 11.49 P =0.00259 1 R® = 0.9892
12 1 -1 165.9 165.1 12 12.
0 > e * 2 R® =0.9523
13 1 0 1 301.93 296.32 11.9 11.66
4 0 0 O 285.05 290.13 12.4 12.47 6
15 1 1 0 246.85 252.77 11.7 11.79
Box-Behnken 15

. : 5
0.9 173 3 09

X2 -9 Xy 09 X3
Fixed levels Fixed lovels Fixed levels
Az X1 507809 R: X,—0,227271 C: X —0.589003

1
Fig.1 Response surface methodology of bacteriocin activity. A sodium alginate X; vs. inoculation volume X, with constant
levels of culture time X; B sodium alginate vs. culture time with constant levels of inoculation volume X,  C inoculation

volume vs. culture time with constant levels of sodium alginate X
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1 2 3
310.601 AU/mL. 13 307.78 AU/
12 mL  12.1 311.12 AU/mL. 12 310.32 AU/
308.97 ml.  12.1
AU/mL  12.2 2.9%
8.2% 63 h
7 Box-Behnken
Table 7 Results of the regression coefficients of factors and their statistical analysis based on Box-Behnken design
Response  Sourse DF SS MS F Pr> It Estimate StdErr
Y, Xi 1 3577.734 3577.734 44.99052 0.001115 21.1475 3.152815
X, 1 1338.255 1338.255 16.82875 0.009334 12.93375 3.152815
X5 1 12356.71 12356.71 155.3874 0.0001 39.30125 3.152815
X3 1 3347.769 3347.769 42.09867 0.001297 -30.11125 4.640818
X; X, 1 27.9841 27.9841 0.351904 0.578851 -2.645 4.458754
Xy X5 1 2763.605 2763.605 34.75273 0.001997 26.285 4.458754
X3 1 5525.289 5525.289 69.48131 0.000406 - 38.68375 4.640818
X5 X3 1 478.0782 478.0782 6.011902 0.0578 10.9325 4.458754
X3 1 9389.756 9389.756 118.0775 0.000115 - 50.42875 4.640818
Lack of Fit 3 187.40 62.47 0.59 0.6764
Error 5 397.6098 79.52196
Total 14 36934.21
Model 9 36536.6 4059.622 51.05033 0.000218
Y, Xi 1 1.805 1.805 34.82315 0.001988 0.475 0.080493
X, 1 0.28125 0.28125 5.426045 0.067263 -0.1875 0.080493
X5 1 0.03125 0.03125 0.602894 0.472589 -0.0625 0.080493
X3 1 0.693333 0.693333 13.37621 0.014635 —-0.433333 0.118483
X; X, 1 0.4225 0.4225 8.151125 0.035614 -0.325 0.113835
Xy X5 1 0.0625 0.0625 1.205788 0.322211 -0.125 0.113835
X3 1 0.160256 0.160256 3.091764 0.13902 -0.208333 0.118483
X5 X3 1 0.36 0.36 6.945338 0.046231 0.3 0.113835
X3 1 1.600256 1.600256 30.87311 0.002596 —-0.658333 0.118483
Lack of Fit 3 0.23 0.078 5.81 0.1503
Error 5 0.259167 0.051833
Total 14 5.429333
Model 9 5.170167 0.574463 11.08289 0.008216
2.4 24 h
63 h 172 308 AU/mL
2~12 0~264 h 70%
3 2~8 0~ 168 h
48 h 438 AU/mL ODygy < 0.09
12.2 268 h
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2 09 X3 - 0.9
Fixed levels Fixed levels Fixed lovels
A X;=-241763 B Xo=-4.08306 X =2.42867
2
Fig.2 Response surface methodology of the number of cell cycle. A sodium alginate X; vs. inoculation volume X, with constant
levels of culture time X; B sodium alginate vs. culture time with constant levels of inoculation volume C inoculation volume vs.
culture time with constant levels of sodium alginate
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Fig.3  Bacteriocin production by immobilized beads in repeated batch
fermentation .
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Statistical methods to optimize immobilization and bacteriocin production by
Lactobacillus paracasei HD1 .7

Jianwei Chen Xiuliang Li Bo Yin Guoming Liu Kun Wang Wenxiang Ping”
Education Department Key Microbiology Lab College of Life Science Heilongjiang University Harbin 150080 China

Abstract Objective To enhance bacteriocin production by Lactobacillus paracasei HD1.7 immobilized with calcium alginate
gel by statistical methods. Methods A 2°~? two-level fractional factorial design was employed first where 6 variables were
studied for their influence on bacteriocin production. The concentration of sodium alginate inoculation volume and culture time
were the most significant variables to improve bacteriocin production. The greatest response area was estimated by the design of
steepest ascent approach. A three-level Box-Behnken factorial design was employed for maximizing the bacteriocin production and
the number of cell cycle. The repeated batch fermentation using immobilized cells was done. Results The optimal condition for
bacteriocin production and the number of cell cycle was with sodium alginate 2.8% CaCl, 5% immobilization time 4 h the
density of entrapped cells 1/20  culture time 63 h and inoculation volume 8.2% . The period of fermentation was 24 h of a batch
fermentation after 63 h and bacteriocin production was 70% of free-cell fermentation. Conclusion After optimizing the total
production of bacteriocin was increased by 19% using the batch fermentation during 327 hours the beads were intact with little
cell leakage and repeatedly used which laid foundation for the high study of bacteriocin and finally extracted.

Keywords the method of mathematic statistics Lactobacillus paracasei HD1.7 immobilization bacteriocin optimization

Supported by the Programs for Science and Technology Development of Heilongjiang Province 2005G4192-00 and the Important Items of Heilongjiang
Development and Reform Commission 2002 1199

* Corresponding author. Tel/Fax + 86-451-86608046 E-mail wenxiangping @ yahoo. cn

Received 19 November 2008/Revised 7 February 2009

AP AR AR AN A N AR A A A A A A N A A e N A A e N A A A A A A A N e N A N e N e A A N e A N A A A N A A N A N A A A N A A A A N e N A

2009 - 04

&~ ux

HRKM REAL

978-7-03-023185-7 ¥ 38.00 2009 2

010-64031535

hitp //www. lifescience. com. cn





