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1
Table 1 Experimental design and results of the FFD
Run . . . . s . ODg 4 Nisin  [U mL .
Observed Predicted Observed Predicted

1 -1 -1 -1 -1 -1 -1 2.192 2.16 811 831

2 +1 -1 -1 -1 +1 +1 2.344 2.54 922 895

3 -1 +1 -1 -1 +1 -1 2.688 2.52 692 650

4 +1 +1 -1 -1 -1 +1 2.632 2.82 692 699

5 -1 -1 +1 -1 +1 +1 2.952 2.76 909 867

6 +1 -1 +1 -1 -1 -1 2.704 2.94 896 993

7 -1 +1 +1 -1 -1 +1 3.16 3.08 922 671

8 +1 +1 +1 -1 +1 -1 3.04 3.30 871 858

9 -1 -1 -1 +1 -1 +1 3.296 3.50 1337 1254
10 +1 -1 -1 +1 +1 -1 3.72 3.76 1875 1621
11 -1 +1 -1 +1 +1 +1 3.56 3.86 1253 1299
12 +1 +1 -1 +1 -1 -1 4.392 4.04 1464 1425
13 -1 -1 +1 +1 +1 -1 3.936 3.98 1583 1593
14 +1 -1 +1 +1 -1 +1 4.44 4.28 1583 1566
15 -1 +1 +1 +1 -1 -1 3.912 4.26 1427 1397
16 +1 +1 +1 +1 +1 +1 4.736 4.64 1390 1461
17 0 0 0 0 0 0 3.536 3.40 1120 1146
18 0 0 0 0 0 0 3.6 3.40 1154 1146
19 0 0 0 0 0 0 3.48 3.40 982 1146
20 0 0 0 0 0 0 3.64 3.40 1040 1146

;= X;—10 5 i=1234 25=X5-2 2= X5—0.2 0.1.X; X, X3 X; X5and X stand for natural variables of sucrose soybean pep-

tone yeast extract KH,PO,; NaCl and MgSO; 7H,O g L respectively.

2

Table 2  Results of the FFD regression analysis for nisin and OD g,

Regression analysis for nisin

Regression analysis for ODgq

T
em Coefficient t-value Significant level Coefficient t-value Significant level
Intercept 1146.15 41.89 0.0001" "~ 3.40 60.74 0.0001" "~
x 47.44 1.55 0.1450 0.14 2.31 0.0379" "
X, -75.31 —2.46 0.0286" " 0.16 2.53 0.0249" "
x3 33.44 1.09 0.2942 0.25 4.05 0.0014" "~
Xy 324.81 10.62 0.0001" "~ 0.64 10.27 0.0001" "~
xs 22.69 0.74 0.4715 0.02 0.25 0.8082
X —-38.19 —-1.25 0.2339 0.03 0.54 0.6013
R2=0.9055 F=20.752>F¢ 130.01=4.62 R2=0.9116 F=22.341>F4 130.01=4.62
>F6 130‘01:4.62 (X:0.0l
99%  95% 0.9055 91 %
90 % 2.3 CM
11454
OD()()O
Yon =1146.15 + 47. 442 — 75.31x, + 33. 4425 99 %
+324.81x4 +22.69x5 — 38. 1924 2 95 %
ANOVA F=20.752 o mEssmmspmamaninb e

http://journals. im. ac. cn



190 17
4
0 able xperimental design and results of the 2° fu
90 % Table 4 Experimental design and results of the 22 full
CM factorial central composite design
« _ actor value Nisin concentration m
De Vuyst  Van R F Y value N IU mlL
un
damme 1992 3 R T4 Observed Predicted
1 -1 -1 1527 1510
2 1 -1 2058 1964
2.4
3 -1 1 1527 1522
2 4 1 1 1727 1645
Zq 5 —-1.414 0 1567 1562
x3 x5 X 90 % 6 1.414 0 1866 1970
7 0 —1.414 1604 1662
8 0 1.414 1404 1445
X4 xo 99 %
95% 9 0 0 1866 1993
0 x2 T4 10 0 0 1972 1993
11 0 0 2103 1993
12 0 0 1998 1993
3 13 0 0 2028 1993
0.5% 2= X,-5.36  —1.16 4= X,-30 5
0.116% 4
Y 1972 1U
ml 4 F =MSg MS.=14.202>F5 5.0 =7.46
F = MS;r MS,. = 10664. 33 7479. 75 =
3 1.426<F3491=4.19
Table 3 Experimental design of steepest ascent and a=0.01 a=
corresponding response 0.1
Run X, Xy ODgyp Nisin concentration IU mL R2 =0.9103
1 8.84 15 4.250 1285 919% 3
2 7.68 20 4.976 1647
3 6.52 25 4.944 1847 2
4 5.36 30 4.624 1972
5 4.20 35 4.496 1758
6 3.04 40 3.968 1701 .
7 1.88 45 3.752 1673 g
2 SRS
8  0.72 50 3.560 1566 = Y e
Q
g
=i #
2.5 § ,;,’1’;
,‘ZE
oyl Vo)
4

Y =1993.39 + 144.252, — 76. 742, — 82. 752,24
- 113.57x3% — 219.86x3 3
b11 b22

Fig.2 Surface response plot of the central

composite design experiment

4.49g L 28.42¢ L
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Culture Medium Optimization and Primary Kinetics Analysis for Nisin Production

LI Chan' 2* BAI Jing-Hua®> CAI Zhao-Ling! OUYANG Fan'
U State Key Laboratory of Biochemical Engineering Institute of Chemical Metallurgy Chinese Academy of Sciences Beijing 100080 China
2 College of Life Science Hubei University Wuhan 430062 China

Abstract Response surface methodology was used to optimize a medium for nisin production of Lactococcus lactis . In the
first optimization step the influence of sucrose soybean peptone yeast extract potassium dihydrogen phosphate sodium
chloride and magnesium sulfur on nisin production was evaluated using a fractional factorial design. Potassium dihydrogen
phosphate influenced nisin production positively while soybean peptone affected nisin production negatively. The other
components had no significant effect on nisin production. The path of steepest ascent was used to approach the optimal re-
gion of the medium composition. In the third step the optimal concentrations of KH,PO, and soybean peptone were deter-
mined by a central composite design and response surface analysis. The optimized medium allowed nisin production to be
increased from 1074 TU mL to 2150 IU mlL. The kinetic analysis showed that nisin production fasion at optimized and
non-optimized media was not changed and maintained partially growth-associated. But the specific growth rates and the
specific nisin production rates for the strain at the optimized medium were bigger than the ones at the non-optimized medi-

um after the cells entered the middle of exponential phase.

Key words nisin response surface methodology kinetics optimization
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