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Optimization of Bacterial Cellulose Fermentation Medium
and Observation of Bacterial Cellulose Ultra-micro-structure
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Abstract: In order to improve the yield of bacterial cellulose (BC), the fermentation medium of BC-producing strain J,
(Gluconobacter) was optimized, and BC ultra-micro-structure was observed. Initially, Plackett-Burman design was employed to
evaluate eight variables which were relevant to BC production. Three statistically significant parameters including yeast extract,
ZnSQ,, ethanol were selected and other 5 variables were not significant (P>0.05). The optimized levels of three variables were
defined by Box-Behnken design and response surface methodology (RSM). BC ultra-micro-structure was observed by scanning
electron microscope (SEM) with cotton cellulose as comparison. The results indicated that the BC yield under the optimum
fermentation medium was 11.52 g/100 mL, which was as 1.35 times as that under the original fermentation medium. The SEM
photos manifested that bacterial cellulose ribbon, with a diameter less than 0.1 um, was less than cotton cellulose ribbon. The bacteria
inside the cellulose net were eliminated after the NaOH treatment.
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12 BEFEREFENH

121 Rz

A OBE 2%, B BEE 0.5%, K,HPO,0.1%,
MgS0,1.5%, ZF 1.5%, Biflg 1.7%, pH A& .

1.2.2 Fhrigard

A ORE 7%, B REE 0.5%,
MgS0,41.5%, £ 2%, pH H A,
1.2.3  HufLBELFFRHE

M A OBE 2%, T BEE 0.5%,
MgS0,41.5%, & 1.5%, pH H %K.
1.2.4  (LIHELPESGFRAE

fe U5 3% (i 7 W RE M =1:2), BEREE 0.3%,
FeSO, 0.4%, ZnSO, 0.1%, K,HPO, 0.1%, MgSO,1%,
AR 0.3%, £ 0.5%, pH H 4K
1.25  LFE7E ik

Fl 35 95 PRI — 2RI AL G i R H DA RD BB
100 mL AP35 3 5609 250 mL =¥+, 30°C, 150
r/min ¥£3% 5555 24 h,

RWESETR: R TR L, K Fh 35 57 4%
A% 100 mL & PeRs #5609 250 mL T R, 8 2
oA B I, 30°C B 55 5 d,

13 HREALEZREFHFNIESE

TERFER SR 5 d J5, fERFRRERm A2
JE R A £ 4L R A, A REECH S, FK 2k ik,
K B2 3 F 0.1 mol/L B9 NaOH ¥%5 i ', 80°C fH it
2 h, EFEEILAGEEIR, K5 0.5%LMRIER
R, PR eh R LT 4E KK, = pH R4UI &
TR ey, PR mK Sy, BIRLF4ERIBAE, 476
U RFoR N g F4ERIBE/00mL B35,
14 HEAHRRABIENE

W A FR AT P A0 TR 2T AE R B, ERSE T 3% (IR FHY
) 86 VA TR — 1, #RJ5 1 0.1 mol/L pH 7.0
AR 2 MR VE 3 1K, IR 5 min, FEIRFR 5L
I3 15% ., 30%. 50% . 70%[K) 2 BEMK K 4% 1= 1
15 min, AR 5053 5120 80% . 90% . 95%H) £
FE 7K 20 min, K5 HTEK O EEBIK 3 K, &Ik
30 min, #5 5 FHBAER S R B4 2 YK, Bk 20 min,
I S s T4 5 4 - S AR A TSR
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K;HPO,40.1%,

Journals.im.ac.cn



1070 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

June 25, 2008 Vol.24 No.6

1.5 Wit
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HR B 5l A= W A A 7 20 T 21 4 25 A0 — R )
RICEF TS, A 5Tk U A NE R .
BE . FeSO,. ZnSO,. K,HPO,. MgSO,. R .
ToK SR R 3R, =K K dihd W% 1,
DL B £F e 2 1R E AT e bn, B o0 A S ise il
7 i Design Expert #0458 B -
% 1 N=12 #Y Plackett-Burman (PB)it 38 i& i+ E =7k

K 4wty

Table 1 Level and code of variables chosen for Plackett-
Burman design

Variable Symbol Coded levels
-1 1
Glucose/sucrose X 1:3 1:1
Yeast extract X 0.2 0.4
FeSO, X; 0.3 0.5
ZnSO, Xy 0.05 0.15
K;HPO, Xs 0.05 0.15
MgSO, X; 05 1.5
malic acid X7 0.2 0.4
ethanol Xs 0.3 0.7

1.5.2 W)y A RSM) id 32 i 71

ik R AR A g E R RS, R
F Box-Behnken %31, X i 3 5 M [N 2 AE HF— 2 0F
58, DUARAG AR A 2T 4 = e s e i .
Plackett-Burman 5645 50 € Il REE . ZnS0,. G
K CBE RS A A 4 R R R R R B R
DR o X = AR AR Box-Behnken #1425 4%
F AR, REAE R IE 2, KB £ 0E 4,
4 R EE R R 3 YK M.

F 2 Box-Behnken iX 38 H &K F R4

Table 2 Level and code of variables chosen for
Box-Behnken design

Symbol Coded levels
Variable
Coded level  Uncoded level -1 0 1
Yeast extract X; X; 02 03 04
ZnS0, X2 X, 005 01 015
Ethanol X3 X; 03 05 07

the relation between coded level and uncoded level satisfied
following equations:
X1=(X1—0.3)/O.1; .X2=(X2—01)/005, XJ=(X3—0.5)/O.2
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21 HMMERALZRAREFREFZEFRRIFIL

DL % R I RERE . BEBEE . FeSO4. ZnSOy .
KoHPO4. MgSO,. SRR | oK L FE R H 5N E, %
M Plackett-Burman % it i1 1 12 41080, XL
SERIEAT TN (3R 3), M BIRR Jp K EEA: 7 20
a4 4 2 M F K R BB E (P=0.0051),
ZnS0,4(P=0.0228), Ji/K Z [ (P=0.0017). [A 1% £1X
3 AR I, B P AR L 4E R 1)K
HERER, LW T B AR & A R
He 5 MHEREEWARRD R EAKFE, T LM
RPATHIE,

% 3 Plackett-Burman it 3& £ 3 5 9 #7
Table 3 analysis of the main effects for the
Plackett-Burman design

Variable Coe]_‘ficient Tvalue Pvalue  Significance
estimate

Intercept 9.67 - -

Glucose/sucrose 0.11 0.81 0.4795

Yeast extract 1.04 7.39 0.0051 -

FeSO, 0.046 0.33 0.7622

ZnS0O, -0.61 -4.32 0.0228 *

K;HPO, 0.18 1.25 0.3000

MgSO, 0.45 322 0.0504

Malic acid —-0.052 -0.37 0.7349

Ethanol 1.50 10.69 0.0017 -

“P=0.01, "P=0.05
22 KREEFEMMKL
221 JFFREGEFH IR T FEHTE T
1£ Plackett-Burman {56 i3 AE F, X 52 ) A kR
Jo AU A2 77 40 T AT 4 R A OC B I R 4% R Box-
Behnken ¥ iTiE4T T 17 415, HLERWE 4. A
F Design-Expert F 44X} 2% 4 81T ik 2 40
G, ARAS AN P 27 4 27 ()X B AR R (x),
ZnSO04(xz), Jo/K LEE(xa)Z T Y=
9.38+0.78x;+1.36x3-0.97x,%-0.60x,2-0.44x5°-0.42xx;
MAZ T R 5 22 53T AT H1 (3R B), IR 3%
(P=0.0001), 413K i % (P=0.1968), {5 &
S 22 1] HLAT TR FE A AR G (R?=0.9724), LA 6.3%
(4725 53 AN i A5 R £ B (RagP=0.9370), 156 B 1Z A%
RSS2 PR LA RAT, AT LA F 4058 £F 4 R & T 43
BEFNFIN o DA TRT U 7 i 2R 50 2 M A 36 mT (R 6),
TERERIZE, xg W BT 4R 3R 7 5 1 52 A S 3,
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X X XD xR R R, o, Ml x, RS BEAREAMERESTORAETEMIEK

oo e e s y e Table 5 ANOVA for the regression equation of cultivation
S 14 Yan/ %EF;:\ EL hh B !
ZIEJ E/J)QE EF}XT/H};F«,E/\ EE@E’Q“@E%‘I X2, for bacterial cellulose

1 Pl s, ey o 2 10 9 50 T AR PR 40 R 47 48 35 7 ek p— o
- . Source DF Fvalue  Pvalue
ATV NTE N squares square
Model 27.85 9 3.09 27.44 0.0001
&4 Box-Behnken BRIt RMAEAHR~EHLNES ] Lack of Fit 052 3 017 2.52 0.1968
WA Pure Error 0.27 4 0.068
Table 4 Box-Behnken design and experimental and Total 28.64 16
predicted value of bacterial cellulose
il Yenst Yield of BC (g/100 mL) SYBIRE LA UL G 2o )RR, 7531
No. extract ZnS0O, Ethanol Experlimental Prec:icted *&{E)ﬂ—iﬂﬂ %,=0.310, x,=-0.151, X3=1, 7FH %,I:J:[I%&%’
values values
. 4 4 . B 08 0.33%, ZnS0,0.09%, JG/K Z. M 0.7%. £t 451
s 1 a4 600 622 T, BN LF 4 3 Bk 10.42 9/100 mL
s 4 1 o o e S S AR O R R R 6 S 0 2 1
e 11 607 . HE LT R IR, 15 B 5 B AW R LT 20 6 7 B
5 . 0 ., 5.7 5 68 11.52 g/100 mL, i — 20k BH 1200 78 R 1 UL 52 B & T
i 9 T £F 4 = B AV B
6 . 0 ., _ 254 i 0, Al G727 2k 28 ik 2 Ak i 9 (8.52 g/100mL)
1.35 %,
7 -1 0 1 8.79 8.70 ) (. N
. . . . 1028 007 2.2.2 2T HE K BEL T 0 oy T X 27 (ST B
LGt
9 0 -1 -1 6.69 6.38 . J o
0 . . . s S R A ABE AR 5 5 e A9 1 o T ] R 55 e 4 1] D
" . . . 056 0.05 B 1~3. a2 20 2l 25 B AT 3P AN 150 PR 3% 40 1 2F
e RIS BAE T, AR E 4% I R 1 I
12 0 1 1 9.16 9.47 .
FEAKFEH
13 0 0 0 9.01 9.38 . o .
y o . . o o K1 BoR TR AL T LK, ZnSO, TG
s . . . ) 058 IK CWERY SE HAE T A0 20 45 2R 7 B 50 . L
16 o . S 001 0.3 S e R VR AT DL UL M O R R 52 B
o . ) . oo . %o BERAAOTRARTT LA e HH 58 T8N B3R 55 A,
' L R W52 HAE AR B3, IR LR W42 BAE
6 AEAEREMEFECASTERBBE DR
Table 6 Regression coefficients and their significance of the cultivation for bacterial cellulose
Variable Coefficient estimate Standard error T value P value Significance
Intercept 9.38 0.15 - -
x;-yeast extract (%) 0.78 0.12 6.52 0.0001 -
Xx-ZnS0O4 (%) 0.18 0.12 1.53 0.1604
x;-ethanol (%) 1.36 0.12 11.39 <0.0001 -
x/’ -0.97 0.16 -5.90 0.0002 ”
x’ -0.6 0.16 -3.62 0.0056 ”
x5 -0.44 0.16 —2.66 0.0262
X1X5 0.19 0.17 1.16 0.2844
X1X3 -0.15 0.17 -0.89 0.4052
X2X3 -0.42 0.17 -2.51 0.0335

“P=0.01, "P=0.05
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MWL WE 1 Al IE W, % ZnSO, e riR
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24 ZnSO, W N 0.19%HF, 411 £F 4k 2 7= B ik B A K
RIS A KM B K S 4R =, ATs
SFYER MR RN, Y LRk R
0.7%H, 4 P 21 4k 28 7™ o 38 21 A Yl 38 rp i) fie K
(B o T H Y TooK & Bk B A = BF, ZnSO, W 241 1 £ 4
R R AR, oK B B AR AT, ZnSO, X}
Y P 2T 4 R 7 S RZ /N o 24 ZnSO, MR JE 2 0.1%,
TR CFEHE Sy 0.7%HF, ANEH £F 4k 2 /7= B n] LAGA
FIA YGRS A Fe R AE LA L

K 2 BIRT ZnSO, ;T H b /KB, BEREE Al
TeK ZBER A8 BAE RO 20 TR £F 4 287 s 52 . A
HAE 2k T AT LU HY I DR 2R 4 B A1 4 R P i
AN E, BEEREREE R TR, AN LR 4R R
) 7 o S B I R D i . T8 K O RERIR
By, BEREE X A AR R R R, Y
TCAK TR A AR, T B8 b 40 A 2 4 R 7™ 1Y
RN TR N RACEEEZ N, dEe4ER™
Rl A oK SRR EE B T R . i 2 WAL 2
TR TR EAE 0.7%, BEEFFWELE 0.3% ~ 0.35%
TIPS, 20T 1 4 28 7 i 18 BA R I ) dpe K AEL
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Fig. 1 Response surface polt and contour plot for the interaction effects of ZnSO, and ethanol on the yield of BC
Yield of BC(g/100 mL)
1.00-# : .
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S 9s0s3| g 030
S 8147097 < 8 10.0064
5, 698888 5 5 9.72758
o 5.83066 £ 0.00 .
9.38811
o >~ 8.18934
S 8.88826
Z
2 05
- 040 - 050
033 030 0.60
S - 095 \ 050 -1.00-¢ S
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Fig. 2 Response surface polt and contour plot for the interaction effects of yeast extract and ethanol on the yield of BC
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Fig. 3 Response surface polt and contour plot for the interaction effects of yeast and ZnSO, on the yield of BC
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2 4 22 7 0 5 ) St B A 1 RS b s B Bl
R U IR, AR 4T 4 R T RS KR
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23 HEAAEERUEN

DA ZF 4> %o B, R R 451 7 S8 B 0 o ik
Jo DIMEAR S5 B & e 85 3% 5 A 7= O AN T 2T 4 35 1 7k
MZEF TS, 255 A 4~6:
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Fig. 4 Microcosmic picture of cotton cellulose(5000 X)
MK R DL WA B, 20 2 4 R 2 4
2B HAR AR LT A SR 22, 7 LR Tl 2T 4 A B i
28, ML T — & MMM e, KR LS T

R LT YR B —LEAE JLA R, e AR A 2%
KRN RAF A B K PERE, OSBRI TR B T e
Wt K 5 FIEL 6 AT LATHT 2518 4 3 27 2 3R
RSN TR ATE R R, P 1.3 mJr ik
VRN T £T AE R B, R DABR 25 BB A A TR AR, 5
I B Al e 1 A0 B 4T 4R R, DA T RE— 2 T
MH-

B 5 NaOHAMBEHAEALERIREBR

Fig. 5 Microcosmic picture of bacterial cellulose treated by
NaOH (5000 )
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.
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Fig. 6 Microcosmic picture of bacterial cellulose not
treated by NaOH (5000X)
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