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Sequential Design Optimization of Bacterial Cellulose Production by Acetobacter xylinus Using Chayote
(Sechium edule) Juice as the Basal Fermentation Medium

LI Jia-zhou, XIAO Yu-ping, HUANG Rong-lin, ZHAO Xin
(Department of Food and Bioengineering, Guangdong Industry Technical College, Guangzhou 510300, China)
Abstract: Chayote (Sechium edule) Juice was used as the basal fermentation medium to prepare bacterial cellulose through the
fermentation of Acetobacter xylinus. Plackett-Burman factorial design was used to determine the effects of sugar concentration and
pH on productivity of bacterial cellulose. Steepest ascent method was used to determine the central point of both factors. Central
composite design was used to build the experimental model and the optimal processing conditions were fermentation temperature
of 28 “C, (NH4)2SOa concentration of 0.3 g/100 mL, Schehium edule juice concentration of 100 %, sugar concentration of 6.54 g/100 mL
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and pH 4.19. Under the optimal processing conditions, the yield of bacterial cellulose was up to 4.18 g/L (dry weight).

Key words: Schehium edule juice; bacterial cellulose; sequential design
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Table 1 Factors and levels in fractional factorial design (FFD)

g K% — 1KF + 1 KF
X W IC 28 32
X TR 5 B Y /(g/100mL) 3 6
Xs T R i+ K & /(g/100mL) 0.3 0.5
Xa KH:2PO, Jii 2  J&F /(g/100mL) 0.05 0.2
Xs pH 4.0 6.0
Xs R = 1% 70 100

3 RO ARG B I 2 R M B, 6 /DA
TEMRIIHOY 64. 4 T IRI KA, 1% Plackett-
Burman ¥, I VCRE 12, R0 L AR
3, BCRERHEM LS A RK . IR SLR LR 2.
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Table 2 Protocol and results of Plackett-Burman design

o T Y%
lﬁ% E] Xi X Xs Xa Xs X :F%}A”_Ji /(g/L)

1 1 1 -1 1 1 -1 3.31

2 0 0 0 0 0 0 4.05

3 0 0 0 0 0 0 3.93

4 -1 -1 1 1 1 -1 2.82

5 -1 1 1 -1 1 -1 3.71

6 1 -1 -1 -1 1 1 3.39

7 -1 -1 -1 1 1 1 3.21

8 1 1 1 -1 1 1 4.03

9 0 0 0 0 0 0 4.24

10 1 -1 1 -1 -1 —1 3.18

11 1 -1 1 1 -1 1 3.11

12 -1 -1 -1 -1 -1 -1 3.72

13 -1 1 -1 -1 -1 1 4.12

14 -1 1 1 1 -1 1 4.38

15 1 1 —1 1 —1 —1 4.49

[ BT 4 R L2 3

% 3 Plackett-Burman R 45 5 ¢ [E] 5 43 #7

Table 3 Regression analysis of Plackett-Burman design experimental

results

It B EY FEhRUER T P
3.6167 0.09150 39.52 0.000

X — 0.0667 —0.0333 0.09150 —036  0.726
Xz 0.7667 0.3833 0.09150 4.19 0.004
Xa —0.1667 —0.0833 0.09150 —091  0.393
Xa —0.1333 — 0.0667 0.09150 —0.73  0.490
Xs —0.4333 —0.2167 0.09150 —237  0.048
Xs 0.1667 0.0833 0.09150 0.91 0.393
il 2 2.04 0.081
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Fig.1 Main effects plot of each regression factor in Plackett-Burman
design
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Table 4 Protocol and results of steepest ascent design

WIS Xe R /(g/100mL) Xs pH Y M E AT Y (gIL)
1 3.0 6.0 353
2 3.4 5.8 3.64
3 3.8 5.6 3.82
4 4.2 5.4 4.06
5 46 5.2 4.27
6 5.0 5.0 4.43
7 5.4 4.8 463
8 5.8 4.6 472
9 6.2 4.4 4.76
10 6.6 4.2 481
1 7.0 4.0 477
12 7.4 3.8 470
13 7.8 3.6 458
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Table 5 Protocol and results of central composite design

WIS Xe K /(9/100mL) Xs pH Y A0 TR AT 4 5 (g/L)

1 6.60 4.20 4.81
2 6.60 3.92 4.67
3 6.60 4.20 4.82
4 6.00 4.40 4.67
5 7.20 4.40 4.66
6 6.60 4.20 4.82
7 5.75 4.20 4.72
8 6.00 4.00 4.73
9 6.60 4.20 4.79
10 6.60 4.20 4.83
11 7.20 4.00 471
12 7.45 4.20 4.68
13 6.60 4.48 4.69

my R i 2 AR W, il P=0.001 < 0.05, [H,
LE AR B0 2% 1) 9 A AR A e N AT, S L 2.

ANV LR 1 (gIL)
s
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Fig.2 Response surface plot indicating the effects of sugar concentra-
tion and pH on bacterial cellulose production
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