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Abstract

Gluconacetobacter xylinus is an important bacterial cellulose (BC) producing bacterium. Effects of
five strains of G. xylinus on cellulose production and properties were investigated by using D-glu-
cose as carbon source. The initial concentration of glucose was 40 g/L. X-ray diffraction analysis,
scanning electron microscopy and universal material testing machine were used to characterize
the bacterial cellulose. The volume yield of bacterial cellulose by the five strains of G. xylinus was
as follows: DHU-ZCY-1 (3.9 g/L) > DHU-ATCC-1 (2.62 g/L) > DHU-ZGD-1 (2.34 g/L) > DHU-YQ-1
(1.72 g/L) > ATCC23770 (0.61 g/L). The highest volume yield was around 7 times higher than the
lowest one. Tensile strength of bacterial cellulose of the five strains was as follows: DHU-ZGD-1 >
DHU-ZCY-1 > DHU-YQ-1 > DHU-ATCC-1 > ATCC23770. The results showed that unremarkable
morphological difference of bacterial cellulose was found among the five strains. And there was no
obvious difference in water content and crystallinity of BC obtained by the five strains. The fiber
diameters were in the range between 65 nm and 91 nm.
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AERRET AR EENAETERETE. ZREL40 g/LEETNRIE, AT HSEFRNSHKRE
FNARETERESHAENEH. FHEHEEE. XSRATHAG RN 2 25 HE R
AT T TEMER . 45 G ERAE DA R 15 e Re it . B S E RR A - A 4T 4R 1= B H AKX ADHU-ZCY-1
(3.9 g/L) > DHU-ATCC-1 (2.6 g/L) > DHU-ZGD-1 (2.3 g/L) > DHU-YQ-1 (1.7 g/L) > ATCC23770 (0.6
g/L); HRETHEA LRI EKENGE BEIEATMN; A F ERS 4 BE 4RI MR R
K/AMKRIF: DHU-ZGD-1 (350 KPa) > DHU-ZCY-1 (150 KPa) > DHU-YQ-1 (68 KPa) > DHU-ATCC-1
(56 KPa) > ATCC23770 (35 KPa); BRI LT AR MM S HEM, FEERREIME65~91
nmX. 8.
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1. 3]

R HE R 15 #F # (Gluconacetobacter xylinus) & H AT 241 A A AT 4E 2 e 77 f o R 4 480 20 5 % ER R P 41
B, W N ) AW 9% B 22 () 4 T 2T 4 25 (bacterial cellulose, BC)A: /= Ri[1]. @, AHFERRES A 5 78
D6 A T RIUE BRI AR A B BUS AEAE, BRAR K /N2 0.6~0.8 pm x 1.0~4.0 pm, Hifx
EAEKIREA 25°C~30°C, fidd pH A 5~6. AHFERRES M B A B Fb ) 1) A= 22 AR ACRFIE AN [F] [2], ALk
AR BC R EANE . BCE N —Foi LA B, B2 A REL], B om =K &
RAFENGE G E B IRaRAE, DR R A YA Ao SO PRS2SR R 1] B B3]
NI 4] Gi2A[5] IEAR[6]. JedtDhREATRI 71558 &> USRI A IR BF O R R 5t PR E S, AN
IR X BC (1 e 77 SR A ANAH [F] o

AEIERE T VUMRA = 1 Re AL S R F MR R IEAT B8, {FUR MR E B A B IR 25 1 T 15 A HI W BRI AT
W ATCC23770 HEAT = =) Re 2 R L. Sk, ARSCTERIEFEREE 9 40 g/L R 77 J& 1]
21 d FIZME T, TEAEECEF AL T 5 BREFTE BC P MBI T 2SR, N4 G AN A AR SRS BR e AT
R bR A = R0 8 FR A E R i
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2.1, HiFh

ARAEHERREEAT 7 ATCC23770. DHU-ZCY-1. DHU-ZGD-1. DHU-ATCC-1 1 DHU-YQ-1 S5 = {4
5 BT o

22. IBEFE

FhFEE 3L A& PE 25 o/ FRE AR 5 o/l BEER 3 /L, HFFEER M pH £ 5.0, IIABIEZE 20 g/L
Al R E R RS IR . RIEERE IR BEMEN 40 o/, TR TR . BT R S AL T 540
1E 121°C K5 20 min.

2.3. ST RAEAHRZNHIE

PRARITAG: AAUKFE HKe ¥ ek DR AT B AR TR H IR T AT BA1 AR T e P BB O RS 9 4 b, 78 30°CHE IR B 9%
Fa IR 48~72 h,

R PRIBOE AL J5 BRI PR A SRR M T B IR dk b, IONREIRAE 30°C, 53K 160 rpm 5557
24 h.,

REEETR: DL 40 oL AR HEVE R TR R ORIUR, UM AR AT R & A B 2T 4l 3R FhF a5 7Rk DL
5% (VIV) I HERh B e N R B SS IR B b, TN H IR B 7748 30°C &1 MR E 5597 21 d.
2.4, WEAHEROAEL

R TP AR P 4E R B, AR Z Rt BT 0.5% (w/v) NaOH /K& #H, 80°C
AbFE 2 h, DARBRIE BRI B G R, S OURE A B FEEA A GEEY . HARKZ bk E S
pH 4 7.0,

25. REEHIRTSHHIME

B FRHE AT ATHIUR BE O 5 SRR 3,5- 5K AR T2:(DNS ) . RIS HE B (9%) e IR A (L) T 52,
THRERE R (g [L-d] I AR Q)T
_ TETRISAYR I - R S

AL/ (%) T <100 M
it g [Lo]') - WML S e "

BEFRFE R pH R PHS-4A 2L pH Tl
W 2 44K BC IEEE T 105°C ML AL Pyt 2 18 5, 800 Hr R PRk B9S2 BC 4T # . BC 7= K (g [L-d] )
IR AREG) I BC HLR (g9 ) WAL EEFEN BC &, WAR@E)Fin

e 1\ BCH: T 5
5 %/(0 -4 ) = S ©
| ) B4
A ) H 228 . = 4
BCHRERFEI6H/(0-0™) = 3 i o A A TG @

2.6. HIEAHERRIE
BC W& KR4z A N (B) 15
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R - TR E y

T

W5E 12040 J5 AN TR 2T 4E R BT X 552075t B (H 4 Rigaku D/Max-2550PC), HJ Segal [8]#77 %15
FE L 45

K aliqb J5 2N TR A1 4 IR 5 cm x 1 em FRAERES, F T e A RRII X (S5 E Hounsfield A ],
H5KS)il i M AR A R, BEAFE A 10 A FAT . WAL JeE 30 mm, Fiffusk & 10 mm/min, £/
%% 10 N 1 1000 N.

WA AHTIRE A EAEREE S S, KA HA JEOL A" #7215 (SEM, JISM—
5600L V)WL 52 21 1) £T 4 2K IOV 45 )

3. R511i8
3.1. ARIEHIEFRHRELE

3.11. BFHESTH pH, ERENEN

BrFRPIRE b, 5 BRI BE BRI AT B 10 55 TR0 pH ARk 3 R RN B, Bl S # AR N 18 T S
FERFRAAENE 1) F7R). A 5 STRRARIE 1 LU %7 9 B A 70 BRISE AT 3 7 4T 4E 3R I 1) pH
AR RE 2 [9]. TLRRAHE ., ATCC23770 H5 371 pH A% 5.0 Mk FEARE 3 d J5 1 3.6, B T
PRI ARNS, & 21 d HFRAURNTOY 3.2, EEEANEIRIIRET, IZE R pH B T H AR 4 BR . SCIRE
WH IS 4 PR RO IR DR pH ER #2800, Herh DHU-ZGD-1 5773 1 pH EAMUAE 3 d
PRI R A 3.2, T HBE)S S8R % 2.5 (21d), NPTH BAR T RARAK T o DU G A BRIRIN AR R I
T ¥ 506 M) 4 A 1 T P 2 e e T ik 2 G P X A PR &1 9 2 v (10 ] 2 R e £ D (P2 )
PR, CARBURERE R A M WA KRBT R R RE R, RAEAEREE PR pH R FFE[10]. Yang
RIS AR R TR T AT 8 A A3 R A A SO e A6 ) P 4 e g (I 28 TR TR 4
P35 S AR, T s A P (R 58 A R it — 2D AR P AP R e ARl [11]. 5597 3d Je, pH (AL
G2, KW (E ) MR A AL e A Jm , AHTHE R IEAT T81 140 25 b 7 IR A QU A ) P A 6 (I ) R TR
PR 2R HURAERE IR iz b R, 1S pH EEE— P 2218 T FE[12].

BCIXI 7K/ (%) = 100 (5)

60- 60;
55, 50]
5.04; 2
151\ W 404
R401 \ & )
35, i
30 19 201
2.5 10-
o — ey
0 3 6 08 12 15 18 2 0 3 6 0 12 15 18 21
B R E/d ¥ 5 B R/
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Figure 1. Changes of pH and reducing sugar in the cultivation of five strains of G. xylinus
E 1. TRIE#kEFRIREF pH FEEERET L
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Fk B FR I AR PR A W4 L(0) B, BRIk h IR BRI D R Y. KRSk 3d W,
ATCC23770 #1 DHU-YQ-1 HIFEMEFEIRS R, UiEHAIAFEHE RS & THE 3 k. 1ME 3 d )5,
ATCC23770 55 IR H I R MH I 2 T Pk T ARG, BRI 2 it 42 22 P22 (R A2 sE b R % . ATCC23770
PRRAE 35 5 26 1R I (PR FE 2R AR 37.5% (Wi 1 FoR), @mimfl T H e ftk. ATCC23770 HEAUHFIH K
PART HEHERIIEN, 53 pH BT S W12 B Rz T & B R 0 A = 8 /KT R 1 A — B
1M DHU-YQ-1 £ 3 d Ji5 P VA B AT ORI o FRT B VR FE R 2, IF RS0 3 I 5 A W AR PR il 2 i A A1
Fx ATCC23770 41, HEPUMKEELE 9-12 d XY REMS ORAF B IR BH WS A1 %2 . Bk DHU-ATCC-1 7E4)46 3 d
DA OB S R PR A, 3 d BRI R % T 2.0 g/, BHER T HE Wbk, (HEEE B FE LRI T e w
PR, PREF T B R R

g b, 21 d $53RERET, Ek DHU-ZCY-1 B H e 5 &, 185K 1.68 g/L (WL 1),
21d I REFEEIL S T 88.3%; HRZ H Kk DHU-ZGD-1, £ K 1.52 g/L, 4 ¥ 814 % 80.0%: ifif ATCC23770
IS FE R SR AR, P38 RN 0.73 g/L, 21d o Bl ] 40 g/L B& 3 25 g/L, FIFHZA 5 S8 s
37.5%. FENEE 5 FFERE S & b BRI HEF 8 DHU-ZCY-1 > DHU-ZGD-1 > DHU-ATCC-1 >
DHU-YQ-1 > ATCC23770. H:+ DHU-ZCY-1 [fI#fiFI| F % & ATCC23770 il 2.5 f%. DL 45K, DL
40 g/L WIEFEREE FR AT AN AT 4E 25, AHLE T X BARHE R ATCC23770, HIEE I 4 BRI RE TE 780 FIH
BRFR A e A e, A T R R 2 (R 214 74%~88%)

3.1.2. IEFHEPREAHERENTH

P 2(a) MR TE LT 4 2 77 BB RS R A AR kA A . I 2(a) mT &N, 5 FRIEFRIG BC 7= ik £ LI
WA eI 2k, BPREE R IR R A AE K BC Feaiz b RGN, 3 i i o B i ke e AT
BALY, BRIERIRE. Hh ATCC23770 ) BC PRk T H e VUK, BC F=®&7ERT 12 d FRg>
VRGN, ER 12 d 54 HP/NESE T, 78 18 d #Ek AR . 1 4 4 BRI BC PR IITERT 3 d G
GeN%, B eI IE . Hodt DHU-ZCY-1 FI4F4E R G adi R i, KRR MK, B2 15 d
JREFYER PR A AN, RAFFEIE 3.9 g/L. ZARAEEE SRR RE B (14 1(0) AR R it
FEmE 5. HA 3 HRALEBEEKN BC WKL thikszin, 76 3d BB K)E, febtuliert, &Er~
B HEA & DHU-ZCY-1, {EfhsRReRrEui, SHMEHEFEE NI & .

V] 2(b) & TR RS R DIFE T BC HIFERE G A B4 R 92 IFE ARk, Horp, B Pk ATCC23770 1) BC
FERE AL R BRI R, BEEERBHMTIZSHN, HERE. XM Tl ERESFRYIN, R
H I EEHF#A A S0 KEIE[13], AT BC 477, fEE IR0 5 18 & p Qi 4 2 b 5 )
UG R T BC A=, (AEMAERNE, HIEH H Ik DHU-ATCC-1 7E BC Rl FERE L3 1
mACEHE LR R AIEE 3 R, BEE B IR AT RUP MR R IE D TR EREKT . XK
DHU-ATCC-1 TER:F= 0 L il AR R 2 0 KB T A 4e = &, (AR AR GE, M T4a4x
A 7 IR TR o SR RE I A9 B KR B A

Table 1. Total consumption and daily average consumption of glucose in the 21-d cultivation
of G. xylinus

72 1 155F 21 d A AIEFERR R H P HER R

ViR iEi=LuN ATCC23770 DHU-ZCY-1 DHU-ZGD-1 DHU-ATCC-1  DHU-YQ-1
PEHFER (%) 375408 88.3+0.5 80.0+0.8 765+ 1.1 74.0+0.9

= 0.73+0.12 1.68 +0.14 1.52 +0.04 1.46+0.13 1.40+0.14
(gLd]?)
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Figure 2. Changes of BC yield and BC conversion rate from glucose during the
cultivation of five strains of G. xylinus

E 2. TEEkETFE R EE T4 RSN L RN T

3.1.3. FEIEHIEFERAILLE

M B RRRE 7R 45 R A B 45 Ok (W7 2 BoR), Ki9E 21 d 5% Btk BC 7= & s MR HE A :
DHU-ZCY-1 (3.91 g/L) > DHU-ATCC-1 (2.62 g/L) > DHU-ZGD-1 (2.34 g/L) > DHU-YQ-1 (1.72 g/L) >
ATCC23770 (0.61 g/L), SiaMHFERAEF —8. W& BC P25 KE, AN T4 R4 1R
v B AR HEF . DHU-ZCY-1 (0.19 g-(L-d) %) > DHU-ATCC-1 (0.12 g-(L-d) ) > DHU-ZGD-1 (0.11
g-(L-d)™) > DHU-YQ-1 (0.08 g-(L-d) ") > ATCC23770 (0.03 g-(L-d) "), 5 BC M/ & . HahilgFeRy—
o Hr ATCC23770 R FA BB HRN —F . S RHIKEH BC B &K FL LS 99%LL |,
BV M R AT 1R AN R R BC &K AR . BHIRE, I Fin 5 MRAH BEBREE AT i
DHU-ZCY-1. DHU-ATCC-1 #il DHU-ZGD-1 J& T R & BC P~ EVERE M WAk, 5 AENS B I A F B
R EERE, I HTRRRE T TR A B E R B

3.2. FRIEHE AR A RMELLE

3.2.1. HEAHERWELLE

T 4250, X B — RS RP—ik SEM S8 A 1E AR Wi 3 s, A-E 2S5k kAL
K Htk DHU-ATCC-1. DHU-ZGD-1. DHU-YQ-1. DHU-ZCY-1 il ATCC23770, X4 i & 7~ 5 B AR K
FEANFE L) R I BC ML (1) SO GO LT HE N 2 57, AN [5) B R AR 7= (1) BC T[], HEO S50 7 0 3 2 5% .
TR AT AERE LI 100 AbIN R S5 R SR, ARERERREE AT I 5 MR AR 7 A 4T 4 R WP B
H25, P HEAALE 67~91 nm 2 i), H DHU-ATCC-1. DHU-ZGD-1. DHU-YQ-1. DHU-ZCY-1 3k753H/)
Y B AT 4E R 1T 35 ELAR AR B bk ATCC23770 1)K

3.2.2. AL RERELE

7 3 WoR b MRORHIRE BRI AT B A 7 (1) BC S BAT B st 45 5t 5, Forh DHU-ZGD-1 4277 1) BC 45 i
I E, A 83.5%, DHU-ATCC-1 A7) BC 4 fit BE s fIK, H 78.5%. Ji4bh, ARHINERRES AT DHU-ZCY-1,
DHU-YQ-1 il ATCC23770 4:7f] BC &5 #hJE 5y 7y 80.5%. 79.1%F1 78.8%. LA b-&5HFR M LRI & HE A
TR, TP A B BRI AT B A7 1) BC (W45 M0 22 AN K

3.2.3. RIffERELLE
P73 RERP R ML 2 A0 18 2T 4R SR IR A B AR B, 45 R ANk 3 FoR. i #k DHU-ZGD-1 Jr A7 ()
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Table 2. Comparison of the cultivation results with the different strains of G. xylinus

3% 2. TRIEMHIBFERIER

- BC BAT- R S wk BC AL BC =%
Ig-L Ig-L 1% Ig-g [g-(L-d)

ATCC23770 06+0.1 25.0%+1.2 99.6+0.1 0.042 (21 d) £ 0.001 0.03+0.01

DHU-ATCC-1 26+0.1 94+11 99.0+0.1 0.19 (3d) £0.02 0.12+0.02

DHU-YQ-1 1.7+0.1 104+0.8 99.3+0.1 0.11(6d)+0.01 0.08 £0.01

DHU-ZCY-1 39+0.1 47+14 99.1+0.1 0.10 (15d) £ 0.01 0.19+0.02

DHU-ZGD-1 23+0.1 8.0+19 99.3+0.1 0.072 (21 d) £ 0.002 0.11+0.01
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Figure 3. Scanning electron microscopy (SEM) images and fiber diameter distribution of BC
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Table 3. Effects of strain types of G. xylinus on the crystallinity and tensile properties of BC
7= 3. TEIEMIT A E A4 R h it ae s R E 20

. e HRR BT F LTSRN W 2 B R

Eg7S GEnE
(N) (KPa) (mm/mm) (KPa)

ATCC23770 78.8 0.30 +£0.06 35403 145+1.6 31+03

DHU-ATCC-1 78.5 1.60 £0.28 56.3+0.3 33814 2407

DHU-YQ-1 79.1 0.97 £0.13 68.2+£0.7 399+16 27%05

DHU-ZCY-1 80.5 145+0.21 150.4+0.3 29.0+£15 8.6+0.3

DHU-ZGD-1 83.5 209+1.10 350.1+0.1 41712 10.0+0.1

BC RN R i, 7 IRASE B S o A T 24 %7 g mT BA 23035 1) 10 AT 350 KPa, & e JLIR T il 45 1) BC
FELFR) 2~4 fi%,  FLiZME AR 5 A K 28 02 P A TR Ak e KR (41.7 mm/mm) . DHU-ZCY-1 4277 1) BC B Fi A
3R AU T DHU-ZGD-1, 1A 150.4 KPa, {HI: Wi Z KT DHU-ATCC-1 #1 DHU-YQ-1, 1N
29.0 mm/mm. ATCC23770 4[] BC & ) d K WrZHi {3 /3y 35.4 KPa, WK% 14.5 mm/mm,
NFTE EbkT 9. XFTF DHU-ATCC-1 A/~ BC, BARIEMIZLN /7 BT ATCC23770, {HH A7 KAk
BN 2.4 KPa, AFTA KT RIK. BC BEMRAZ B HMMLE . difEE. SKE, FREREZT;
AR 25 5[ 14] . FH T DHU-ZGD-1 T4 7= (1) BC 145 it 5 2 BT A AR B s 11, BLAT4E B2 o A B e
TR Y P28 A B 2 (1 3(b)), TR L 4% B v PR LB B

4, gig

P 27 2 2 PR I B PR BT, AR B AR 2 DS A BRI RN S 7)o AR 25 R W] . AR EIR
T T B AR AS [R) T R A 77 3R A5 1 BC BIP = B AMPERE A BN ZE . Witk BC &K KHEF U F: DHU-ZCY-1
(3.91 g/L) > DHU-ATCC-1 (2.62 g/L) > DHU-ZGD-1 (2.34 g/L) > DHU-YQ-1 (1.72 g/L) > ATCC23770 (0.61
g/L); itk DHU-ZCY-1. DHU-ZGD-1 il DHU-ATCC-1 [f] BC /= iz izt = T ATCC23770, fix K=&
A E 4 6 /% EHtk DHU-ZCY-1. DHU-ATCC-1. DHU-ZGD-1 #1 DHU-YQ-1 3£753¢) BC ¥4k 1
T ATCC23770; Fufiia fEfie K ¥ BC IR AL ™= /2 DHU-ZGD-1, Lt s i 551 ATCC23770
i 10 fi; ATCC23770 Z#f7t BC B X E Kk, &4 BC HIHE M 55 T S50 = i 1% 1 1 1k
DHU-ATCC-1 #1 DHU-YQ-1 HJA: =R EAISRAR (1= M M RE AT JURK B R ), DHU-ATCC-1 1) BC %4k
e, DHU-YQ-1 () H-FIMHFE R R I AR —5, 2458 0P E M 2Tl DHU-ZCY-1
il 4 1) BC F= Al BC F= i, EXHHEIIR R IR R, 477 BC IR YL ASF kA 77 140 T 27 4
R P BEARLE 65~91 nm 2 [], o DHU-ZGD-1 3kA3 2R 4k 22 (1) oy A i 3550 s AR AN A B bR SR13 1)
YR LT RN 45 i R FK R B 2 5.
E&WMAE

[ % H AR RH7 3£ 42 (51373031): U H #RB 200 75 A4 SCHrih- R0 H (NCET-12-0828) ;b ifg i A 22 i
H (15520720800); 1 Je i AR 5% 98 1 T 55 4 Bt BT H
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