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W EANTRESWA %% (Bacterial Cellulose, BC) #9=%, K Mm@ AL T KRBHEEAFH (Gluconaceto-
bacter xylinus) WK E¥EHRLE, ATRNUERRAT HERM (SA) . ZFALF4Z4 (CMC-Na) . #F A4
# (CMC) =5 R4 H* BCAmIAEY BC F2. EAEH#A, L. AIARFOHn, ERE7, RHLEL
KR AR A 4% B2 1% &8 0.8%. MgSO, 1.9%. Na,HPO, 0.2%. L& 0.4%. L& 1.6%, BC /*
=R 519¢g/L. shRFHMm SA. CMC-Na. CMC B, EHMGHALAZHSARE T 29.9%. 22.82% #= 15.73%, BC %4~
5 AR 672, 6.01 #2 5.1 g/L, ABE T4, SA A= CMC-Na 4R BRBL & & 693 18 5 A A 29.02% A= 16.52%,
123t T REABRARE SRR, 85T BCHAREE, CMC AMMLEMREERSG AN 427gL, X5BC 8T
A —wXF,
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Optimization of Fermentation Medium of Bacterial Cellulose
Production by Gluconacetobacter and Effects of Exogenous
Substances on Its Metabolism

WANG Kai, ZHAO Ping", FENG Peiyao, JIN Dan, GAO Jie, WANG Rui, LI Jiaying, LIU Bing

(School of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: In order to improve the yield of bacterial cellulose (BC), the fermentation medium of the Gluconacetobacter
xylinus was optimized by response surface methodology. Based on the optimization results, the effects of sodium alginate
(SA), sodium carboxymethyl cellulose (CMC-Na) and carboxymethyl cellulose (CMC) on the yield of BC, total sugar
consumption, acetic acid and pyruvic acid were investigated. The results showed that when the amounts of addition of
glucose was 4%, yeast extract powder was 1%, peptone was 0.8%, MgSO, was 1.9%, Na,HPO, was 0.2%, acetic acid was
0.4%, ethanol was 1.6%, the actual yield of BC could reach 5.19 g/L. After adding SA, CMC-Na and CMC, the total sugar
consumption increased by 29.9%, 22.82% and 15.73%, and the yield of BC was 6.72, 6.01 and 5.1 g/L, respectively. The
content of pyruvic acid in SA group and CMC-Na group was increased by 29.02% and 16.52% compared with the control
group. SA and CMC-Na promoted the accumulation and utilization of pyruvate acid, the yield of BC accumulation was
increased. The highest acetic acid accumulation (4.27 g/L) was observed in the CMC addition group, which had a certain
relationship to the lower yield of BC than the control group.
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TR £F 4 25 (BC) F 2202 HH S R AT P & (Aceto-
bacter) . & 5L 18 )& ( Pseudomonas) . M8 W )&
(Rhizobium) . /\ZEIREJE (Sarcina)" 8547 0 G ik
AT T BLAE 220, B 0y BLAE Z IR L2 A TR, I
o385, HRiTir s £ Haetg & Al BC
A A 77 TR R R AR BE B AT T ( Gluconacetobacter xyli-
num) , Ji. 24 RS FF B (Acetobacter xylinum)®, BC
S LT AE R AR ZAHE T BC A& R . LT4E
RS R, HHA & EZFL =445, Kk BC
HERBAE ., W45 ME . TS | 800949
MM EP, BHAT BC 2R T Tl
A AREEREL . A MORH Sk, (H T
Hop= I, AR = . eIk SEE A AR 7=, TR b,
HAT BC i Tl ik N AHY . Hir, BRI
= BC 7P HE MBS R T REM TAE, WA LS .
A O s AR B2 A LB T 45, LA
HWHREAIL BC A=A . IR R BC A A& 4% . #ive BC
YA E F(ENE S

AR YE R I RE SR R h R R = Y 3%
JLER, UnkiE . AR . AR TAE, Rt & B SR
Hh BT FH 2 A 35 35 3L Sy RE S B SE I 2l BC A
AP AE, FEARTEREEE AT U R LR T, RSN
P OIESE X R AR K s G A 4 R B — 2 4R
BEVE, QoK EEPEZ BN | R BT IR ER . & Jm e
E R

ASHIFFT R FH 32 06 = 40 85 TR R A T TR AR, R
Plackett-Burman i 56 15 11 ¥ 1 Box-Behnken i 5%
BT A5 25 a BC R IR 30 U7, 342
= BC 73 FE UL AL Al b, JE S %S SA. CMC-Na,
CMC 857K M Z B4 FAE A& R 2 5NEY)
JIE, X R B AR P RS AR TNEAR &
R AT, DR E A 7=, BRIEANF]
P BTRTM IR LT AEZR A s A LI, DU S gt —2 00
FEAMEP BT BC A RS2 LRSI SRR, S
i BC 1y Tl Ak FHER 2 e 5 Se kLA
1 #RERFE
1.1 MRIEEE

RAETHEEEFT B ( Gluconacetobacter xylinus )K8-5

FH 22 MBR T R A Rl as 5 TR B PR TR
ZH G RGO Eom AhaA A R
NE AN BEEN REE R K,HPO,.
Na,HPO,. MgSO, KEdbRIyERGH) 5 Hilg
REER A2 EAG) s L2, OB REETTE TS
b T A BRA &5 A4 1 5% 557 256 . 48 4500 3%, B
0.5%, MgSO, 1.5%, K,HPO, 0.15%, 55§ 2%, pH [
PR FERh B FE L W AVE 3%, IELEE 0.5%, MgSO,
1.5%, K,HPO, 0.15%, Z.I% 2%, pH 5k,

DHP-9082 HLAVE I IRAN i E—F2{Y
A A FRATF]; YX280B JEIZERKER Bl ==
T A A FRA Al Cary50 24656381 SEEF

HZ20\F]; SHA-82 fHiRIRG &% I BAES A TR
NI

1.2 KWHE

1.2.1 BEEAIER IR ARGk PREGE B AIRAETE
4 °C 44T AR BEBEAT oA 422 A T R R 3R B,
29 C #EEEFE 7 do PSR TR R IR B
i 2~3 FEHEFRT, 29 °C, 150 r/min fHIEIRTZ 24 h.
KRG FE: 10% (v/v) B A LRSS 37 3E, 29 C
FE ISR 7 dUYY,

1.2.2  AFRIPHEEFT IR & W RE Rl

1.2.2.1 PARIZELE  SEERHUIZSR 1.1 PIRmEEG R
Fepc Ty, iR ARk, TLRRE H B R
W, I L EUIE S BERRIE By . 3 AR, SR ICHLER
Na,HPO,. MgSO,, &AM N 1R, LI BC J7 k&t
SAFERR, B 25 R B AR IS Bl . W iR
D (2% 3%. 4%. 5%. 6%. 7%. 8%). MEEHEKYER,
A (0.2%. 0.4%. 0.6%. 0.8%. 1.0%. 1.2%.
1.4%) A3 FLfith B 75 FL b W BE . MgSO, 8 il &
(0.5%. 1.0%. 1.5%. 2.0%. 2.5%. 3.0%. 3.5%) .
Na,HPO,( 0.1%. 0.2%. 0.3%. 0.4%. 0.5%. 0.6%.
0.7%) fL & K,HPO,. & MR %S i1 (0.1%. 0.2%.
0.3%. 0.4%. 0.5%. 0.6%. 0.7%) . ZEEE N (1%,
1.2%. 1.4%. 1.6%. 1.8%. 2.0%. 2.2%) X BC y= &
MISENE . BRI 2B, HA R 2 454 Al a s
n&E 3%. MEHE R IDE 0.5%, MgSO, % il &
1.5%, K,HPO, sl 0.15%, ZEEA NI 2% .
1.2.2.2 Plackett-Burman i3 MR JE B K R ge 45
B F] F Plackett-Burman iR %6 X} 52 i) BC 7= & 11
7 AEFE Sy B4R R, BC P EE N NAE, it 7
= 2 DAKEREE, KPR E N 105,

# 1 Plackett-Burman i385 11K & 57K

Table 1 Factors and levels of Plackett-Burman
experiments design
A B C D E F G

KT WA RS ECE MgSO, NaHPO, L L
) ) %) %) %) (%) (%)

{Eﬁijﬁ 2 0.2 02 05 01 01 1

S 1.4 14 35 07 07 22

1.2.2.3 Box-Behnken M %1% R4 Box-
Behnken i 56 % i1 JR 1, 45 & A [N 2 & Plackett-
Burman {56 45 S, B MgSO,,. BEEHRA) . #i4
¥E 3 3 18 % o~ Box-Behnken I % 2% [ 28 &,
BC FrAE R AE, Bt — P2 = KP4 i 3 T
5, RIZ KO K gmtidh 3¢ 2,

1.2.2.4 BC/ EmMNIE FHAEBRTRIRSHFAE
AL BC JIEECH, FHZRIR/K Z R op ik, FERLF
0.1 mol/L 1) NaOH ¥ ¥ H, 2.3k 30 min, ¥ X )5 1
JH 0.5% [ 221270 5 min, Z87508 7K Z2 W vhisk 2 j5
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%2 Box-Behnken {5 [F Z 7K K dth

Table 2  Factors and levels of Box-Behnken experiments

iz i K-
-1 0 +1
B (%) A 3 4 5
T BHZ R (%) B 0.8 1 12
MgSO,(%) C 1.5 2 2.5

EFAENEN, KA S 4EER 75 C =
B, FkE BC EHEI,

1.2.3  @OAMNEY) RSP E R. ODgyo. pH. LR
Tt PN B RS2

1.2.3.1 AMNEYRERNBAE IR It
Sy g 2 KSR 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7%w/v)HJ SA,CMC-Na FICMC,£: 120 °C . 121kPa
KB 30 min fEFe FELBHZERF 10% (v/v) BIFRFE, 29 °C
AT E RS 7 4, WHL BC, B2 BC r==, fHRiE
BC e R i e PR LU it .

1.2.3.2 KREFERHIE g3t h o515
&R B (SA. CMC-Na Il CMC), LAZS NI
X BELH, KR IR 10% (v/v) IR e Fh T 15 5%
Jerh, 29 °C EEIESE 7 d, BRI UL K R A TRE
L 3 WRFATHURE, SR 7 d, a2 Ho A S A (BC 7~
Ko, ODy. Bl EL, pH. LBR & . TIEREZ S 5D o
1.2.3.3 BEARA KGO F 1% 25 4k K i
(10000 U/g) B & TATE R 2 vh s uk (pHS) T, %
KR S 4E R L, 1:1 1R4E, 50 °C KIS 2 h,
SR O e O L N O = N SR 5 o T o 3|
0.22 pm MTAFLUE R DB BR TR E Sy %o REZH U, i FH 48
A3 SEIEEE TN RE B A 600 nm Ak B G, LA
ODy TH S BREAAE R R B IE DU

1.2.3.4 2HERME B B UE 4000 r/min 2500
10 min JFE Y5 5 mL, ILA 5 mL 6 mol/L HC1 %
WA 30 mL ZEME K, 70 °C /K 15 min, ¥ &1 5 4
pH ZE 7~8, B4 ZE 100 mL, 1ENIBR-G WA . WHL
YRA W 1 mL, DNS X7 2 mL, 3 /K% 2 min 7 {3,
K GH S HG EARZE 25 mL, 78 540 nm ZbI5ERE
A RS GAE, AR AR £ Bkl & 10
1.2.3.5 MM pH WxE A S A Hll—E R
BEEREVR, 45 8000 r/mn 5.0 J5 B WU, Fi e 10 175,
JFH 0.22 pm MYBERESTIE S SRR T . iS5 SB-
AQ (O BEHE, JshAH: pH2.5 HUBENR  SUAA W, Tk
0.5 mL/min, KU #5 % 4 210 nm, #7E 30 °C, FEFE
HE: 10 pLo pH MMEZ% GB 5009. 237-2016 £
LA E R E B pH BRI EP,

1.2.3.6 NERMRAME S5k gkl 19 07 ik 7E
320 nm AbIM R S84 MR ISR AR PR UEIN S o LAPS BRIFR
B X Bh, WOGIE Y Y B, 2 TN BRI bR v Al 42,
FRUEIZE R y=0.2583%x+0.0248(R>=0.9975) ., Kk

£& 8000 r/min &5.0> 10 min, B FIEW A NaOH 15K
V& pH A 11.0, 7£ 320 nm bW FLWZ S8, AR P8 br
MR T DI ERR 5 i o
1.3 HIEAIE

{8 FH Design Expert 8.0.6. SPSS Statistics 21 %X
PRI B G DA T AR R LA R 2 53 (P<0.05), fili
JH Origin 2021 X EE, BC 7= & A 5 P03 HL
5 YOPAT LS -, A ROBER I 3 P4 T
FLEG P HIE
2 GBR5SH
2.1 AEEEATEEFEMUER
2.1.1 PRPEZRIEGLER AFEPEAEINEXT BC
PRI SENAAEAE— B 25 5% . TNV A ME— iR,
SHEEARA KR BC A R HERE &L, WniEl 1 R, 247
ZIETRINE N 4% N 5% F BC P& I AN EA B3
PE2ERF (P>0.05), (H Y45 2 g s I B s, BC 7=
AT R R A, D] Ik 3k 46 T A B 1) S A S Ay
4% FE AR A U T T B U SRSy, Al
BT 4R 1Y 8%~14%, >4 R AN LRI 0 43
SR IEA B IR 3 b R AT, X BC PR R A T E,
5 PG Y B U AN R R I 53531 R 0.8%
1 1% BF, BC 7 i fx s JoHLER v LIE S g S 2L
H A2 S, 24 MgSO, BIEl 2%
i, BC 7 ey 2.89 g/L, H. Na,HPO, @&y
0.2% B, BC j~ &% ; Liu 2 W93, 75 BC &
AR, 2R O PRERAE R FEAR TR, BT =R IR
PEFR = ATP, AT IR S BC =&, 24 LB
N 1.6% B, BC AR, M LRUE IR T 0.4%
B, BC & g i, 22 Bl i 19 £ R vk B 25 X 448 i
A K& AN HIEF, T 250 2R A B ARSI 5353
M 1.6% 1 0.4%. HEE LIRS AN E AT
s
2.1.2 Plackett-Burman &5 AR5 5L ZF S8 0E4T
Plackett-Burman 3256, 41158 3. H3& 4 7] A1 Plackett-
Burman i 5 EI A P {EHA 0.013<0.05, Xf BC F=&:
S W25 B =R MgSO,. BEEHE K 4

%% 3 Plackett-Burman iR 5% i1 545581

Table 3 Design and results of Plackett-Burman experiments

BC/"H(g/L)
2.3140.11
3.75£0.27
0.29+0.05
2.51+0.18
0.12+0.05
0.780.09
4.180.16
3.4440.15
2.35+0.17
4.44+0.37
0.360.11
2.42+0.08

T A B C D E F G
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3040 . . 3040 30
—
% 25 b b S 25 =y, B 2s
i 20] ¢ ¢ s H 20 . b E
N N c N
$ 10 £ 10 § 10
oy oy oy
E 05 E 05 ® 05
g S F

2 3 4 5 6 7 8 02 04 06 08 1.0 12 14 02 04 06 0.8 1.0 12 1.4

AR (%) R RNR EE (%) HAWRKEE (%)

_30q(d) 4 — ~ 3040
—
i 20 od 4 i o20] ¥ ¢
) i ) d
e 1.5 s e 1.5 e
$ 10 & § 10
50 50 Ny
E 05 E 05 ® 05
g g, g,

0.1 02 0.3 0.4 0.5 0.6 0.7 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.1 02 0.3 04 0.5 0.6 0.7

Na,HPO, k¥ (%) MgSO, L (%) LPRUREE (%)
3.0 1(2)

2.5
2.0

1.0
0.5

R UER 5t (g/L)
[=N

1.0 1.2 1.4 1.6 1.8 2.0 2.2

LFERIE (%)

K1 RS EEX BC 7 & 5200
Fig.1 Effects of different additive concentrations on yield of bacterial cellulose

BN E/ING FRER R 22 57 B 3 (P<0.05); & 3 [,

i, & e HAMR 2R, T HE(0.8%) . Z12(0.4%) . LB
(1.6%) . Na,HPO,(0.2%) i@ N ANZE, #6147 F —
£ Box-Behnken 5,

24  Plackett-Burman X565 [ 7 22 4¥7

Table 4 Analysis of variance of Plackett-Burman experiments

H#E SEH FfH PlH B
F5E 253 12.99 0.0130 *
AR 221 7.95 0.0479 *
BREREZ K} 4.6 16.54 0.0153 *
CEMM 0.037 0.13 0.7324
D MgSO, 17.0.6 61.36 0.0014 ok
E Na,HPO, 1.37 491 0.0909
FZI# 1.008E-003  3.625E-003  0.9549
GL B 0.015 0.055 0.8255

TE: *FIR 2 57 1 % P<0.05, **FIR 25 5% . #P<0.01; K6l
2.1.3 Box-Behnken M AL 45 2 5 53 Br
TE Plackett-Burman X 38 FL 4l - DL MgSO,. BEHEE
A9 F0ART 250 08 0 S N Ry i 8 (B, 35T Box-Behnken
158, N 5. A Design-Expert 8.0.6 44X 5256
B T ZoaREIARIG, 2453 BC r= = imKim
TAT [ )AL T R Sy
Y=5.20—0.11A—5.000E—003B—0.24C+0.11AB—
0.33AC—0.28BC—0.46A>—0.71B*—0.48C?
2 6 NI, A2, B2, C? % BC r=i A B 355

%5 Box-Behnken M g5 5 45 5%

Table 5 Design and results of Box-Behnken response surface

experiment
SEE S A [Easstar) MgSO, BC™ 1 (g/L)

1 0 0 0 5.29+0.12
2 0 1 1 3.5+£0.19

3 0 1 -1 4.32+0.18
4 1 1 0 4.08+0.31
5 0 0 0 5.24+0.08
6 0 0 0 5.19+0.04
7 -1 1 0 4.19+0.09
8 1 0 1 3.54+0.12
9 0 -1 4.89+0.19
10 -1 ! 4.21+0.03
11 0 -1 -1 3.98+0.15
12 1 ! 0 3.67+0.26
13 0 0 0 5.31+0.09
14 0 -1 1 4.27+0.15
15 0 0 0 4.99+0.18
16 -1 0 1 4.31+0.15
17 -1 0 -1 4.32+0.14

M (P<0.01), C., AC. BC Xt BC F=iA 3 52 (P<
0.05), A. B. AB WA (P>0.05) . A P {H
>k 0.0006, & B [B] AR A F2 g A% fd 35 (P<0.01), FR 41
I A1 0.1087(P>0.05) A ik 35, YLiE REL R>=0.9565,
BEFREL R?,4=0.9005, UL IZ ISR HAT R AT 1Y
LA BE I EE S o
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% 6 Box-Behnken Wi o RIS 45 5 7 22 /04
Table 6 Analysis of variance of Box-Behnken response surface
experiment results

T5 2R Nl H ¥y Prob>F  WEM
i 5.74 9 0.64 0.0006 **
A 0.09 1 0.09 0.1639
B 2.000E-004 1 5.356E-003  0.9437
C 0.45 1 0.45 0.0106 *
AB 0.046 1 0.046 0.3026
AC 0.45 1 0.45 0.0104 *
BC 0.31 1 0.31 0.0239 *
A? 0.89 1 0.89 0.0018 ok
B’ 2.10 1 2.10 0.0001 ok
C? 0.97 1 0.97 0.0014 ok
52 0.26 7 0.037
AL 0.20 3 0.065 0.1087
alifR 2 0.11 4 0.022
syl 6.58 16
R*=0.9565, R’ ,;=0.9005
2.1.4 NI AFEZRWAE E/ERSSHT HE 2 07

S, FAPBE IR R (AB) 145 s 28 o X I 5L 5
T, AN I BRI Z 18138 BAE AN i,
ZEPHEFT MgSO,(AC) | BEEHZ M1 MgSO,(BC) IYAE
H AR 2 0 X IR A BT, mi 15 i T3
FEHEEIY, 2] AC. BC WY I AE FH B 2., X7
BC j7 i SENAER K, Wa) 57 18] S AT 4h 5 0 2850 r a5 21
—&
2.1.5 BOUESCES  ARPEIES TS BC PRI
TMME R 5.23 /L, S A5 2 [ T 35 35 JLf6d 77 A -
TN 3.98% . BERHEHY 1.01% . 2RI 0.8% . MgSO,,
1.87%. Na,HPO, 0.2%. 1% 0.4%. L% 1.6%, K
T EEFRERG AT, BB AL S R IR I Ty R R A
4%, BEREIR B 1%. 85 H I 0.8%. MgSO, 1.9%.
Na,HPO, 0.2%. Z & 0.4%. LBE 1.6%, FZILEE 7
FLHL T AT R %, PR3 8] BC PP 519 g/L, 5
T & Az, PRk, AT LAE B SR v P v
AT T S PR S FE T O o

SCRRFRIE AN VS AR Sl a0 AR 3Rk
J&, 2% BC P2 E N 5.0240.14 g/L; SCE250RS Fi| FH#
B Y P RS B PE i ek B 9R3E, BC PR ite
T 53.2%, 7= h R 2.42 g/L; SKRINEAERY YEILAT R
FEILP IO BE R A YIRS, A= T BC /=&,
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