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Abstract

Bacterial cellulose (BC) has played important role as new functional material for food industry and industrial products
based on its unique properties. The interest in BC from static cultures has increased steadily in recent years because of its
potential for use in medicine and cosmetics. In this study, we investigated culture condition for BC production by Acetobacter
sp. F15 in static culture. The strain F15, which was isolated from decayed fruit, was selected on the basis of BC thickness. The
optimal medium compositions for BC production were glucose 7%, soytone 12%, KoHPO4 0.2%, NaH,PO4 + 2H,O 0.2%,
lactic acid 0.05% and ethanol 0.3%, respectively. The strain F15 was able to produce BC at 26 T-36 C with a maximum at 32
C. BC production occurred at pH 4.5-8 with a maximum at pH 6.5. Under these conditions, a maximum BC thickness of 12.15
mm was achieved after 9 days of cultivation; this value was about 2.3-fold higher than the thickness in basic medium.
Scanning electron micrographs showed that BC from the optimal medium was more compact than plant cellulose and was
reticulated structure consisting of ultrafine cellulose fibrils. BC from the optimal medium was found to be of cellulose type I,
the same as typical native cellulose.
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S AR5 A 7HsEE EZoltiDelmer2} Amor,
1987). AE= A= AR, I, W] 5 gzt #oF
oA HEA T o] gHIL =, F= A= A
EZ2 oAV Y8R AME T QItiDelmer, 1987). &
A F7RKL iz ABE 0L $RE S 9
3ff A=t Higo] o] Folx|aL glom, Tof u-E 2H
A} HE FATE O H A A AR o] o
3t A7} A A]3] o] Fo]R] a1 )tk Sutherland, 1998).

SELTONEREET NERSEIE RO R
Acetobacter, Agrobacterium, Rhizobium 52| M«
SIS 4~ = Aoz HEQitHJonas?} Karah,
1998). A& AEZ @ A HI3} 3P FojlA] 21
o EeES AASH] flote] B2 AU Re} f=

ofE& ARgsl=H, ol=t skehA R WA A

o], AR ygolch Wi Al AERQ
A BEE0] EAEHA] e gt AER A A
B2 S E B SISkl o R kR Al
AFSE 4= Qlth= S 7HA 1L QIthRoss &, 1991).
A AEZ AL AR AE 9 A0] 1/100~1/500

HEo] 718 JAlE the FEAR TAE] 2lo]
& ARTHE0L FHAS ], D4R 9 16
9 AES 7FXL tKJonase} Karah, 1998;
Sutherland, 1998). o]t 553 A2 Al AEE
0Ag 1RIPE] AaARA e Fastk 9]
UEE ofm, A naE AuA AET W),
Holu tAaEH o] 5 vt &= o8+ Uk
(Cannon¥} Anderson, 1991). &3t nfpAT 9 ol
Ao 0 Aol BRE 1)) 5 1R ¢
28 AN SN AR S A7E L o)
thCzaja £, 2007; Fu 5, 2013).

Acetobacter & 55 A x| ujoksr 7L
2= 7]-4 Al o]l 2{membrane) 2] FEf= Ay
b AER 0 o) YEIHH T15e HES
SO R ol gAlA S-S dgstA star, A
AHFFO ZH M| EE HEH= A0 T HIlE]
(Williams 2} Cannon, 1989).

AR7HA] HeP=lo] & AFEo] w2 H GXJuleF
o ofal Al ABR o AR e TAlo] v
£ UtkChawlat 5, 2009). E3F FAuerS &
Mo T} B wEUS Wa = Su A T
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ol A She o thds] vla&2 ook wabA Alat A
S50 20 YAHYE Fol7] glste] F]ulefe] of3t
A7} vl Pkl AE T glek et 5]
ool olsto] AAE Mt AER o AL o] ez}
oz} HF|(pellet) E+= ulj ~(mass) FHE|o| 22 F}AF
ol 4} IEA £ AR L o g a2
AMg51710] 23kslA] ekriSon 5, 2000; Vallag}
Kjosbakken, 1982).

A RO 1S A, P4 EA B s
a9 A3 SIS ANE AER S
ute] ez W Arkels 3go] Wesing F
+ Y AER e s AYsks o] fElsith 1
2 FA Alat AER e AT S7Racl
gt A= Wol o] Fof A ot FA STt IF
= A= K9lof tigt Aot o FoIRIA] AL Utk
webs] 2 AtollA s Alat dER e ALl &
= w5 AR S AR AER e T
£ Z7IX 2 4= 9= vl 458 one variable at a
time (OVT) ®of| ofste] 2 &sleto 24 1R}
A At AER e a4 HES 93t 7| 2ARE 3
=a37} shgick

K6, F5, F12, F15, V2, V) E& tiAS
£2 o AAS HTE T, A0 71 BE
Aolatr= ARSI K2, K6 wt5= 2A]
z}9] FFxHkombucha) oA, F5, F12, F15 +-
2 I, V2, VT 5= HAFA ol A &
23t Aol

AR AER e WIS RAFSE] Q1%
7|54 %)= HS = A](glucose 2%, yeast extract 0.5%,
bactopeptone 0.5%, Na,HPO412H,O 0.675% %
citric acid 0.115%, pH 6)©] 1 CHHestrin¥} Schramm,
1954). Aok 50 mlQ] 7| Eujx]7} G-= 250-ml
$3g0) A7t Eeprzio] wEFel FEE 3 ol
2] %3to] 30Col A 72417k Bk A|ulosiock
AR AER O O Lol EAel HES el



717] $leto] oA Qe ¥, BaE Az olniet
Ak 9215 AE7 2 o9 5% u%] 50 mi7}
o 100-ml §ako] UER HelgviEUA =
1075 em’)ol] HE3ko] 30 Coll 4 A ujerstdc). &
A AR A9, S T Al ABR A
SA7L E oA B715HA) etk wekEl el 11
A7HA] heFsIlon, Al ABRON WS %
A17] §13E Aol Az 71 BjepAIzhe Tmeistel 72

il

3lo] 71 whagl, Fag

Ul pHof oh2 AE R 0% RS A Eat

sheisl HAEACNA AFFFE st 24412
.

23 MEERA Mi Y MM =

oyl ol AT ABZ 2 kS B4t T, 4
R AHso] wope] 4RS AASKc) A
98- 100 ml2] 0.5 N NaOH 8o do Ao A] 12
AIZE Bt Aelato] Mg SalAlTl &, SRSl @
o] ZA4o] & wj7}x] A A3t tHEmbuscado 5, 1996).
AER @A 0] AT A3 uko] FA=A Leh
Qlct. o] 2Fe] F=74+= Thickness gage (Mitutoyo Co.,
Japan) & o]-5}0] Z95}3c).

2.4, MEZQA0| SE A AU XRD A

Aol olato] AT ABR e e ul7R
o} AALRE Son 5(2000)2] B o) o]ste] 2A}s}
At =, Mg o0 njH R} AYTRE 217}
FAPAAFA T H(JEOL JSM-6390, JEOL TECHNIC
LTD., Japan)®} X-ray Diffractometer (Rigaku III,
Rigaku Corp.,Japan)E- o|-&5}¢o] 43} t).

220 QRS Sfat YA 2ot 897

A B2 E FI5H #5271 Adet SR 0 A 0] FA 7}
5.44 mm= 7P 94519t} wheba] FIS #5 A9
+52 AAstck

Table 1. Thickness of cellulose produced by each strain after
cultivation of 11 days

Strain Cellulose thickness (mm)
F5 3.09
F12 4.53
F15 5.44
K2 4.36
K6 2.28
\' 4.83
V7 2.35

3.2, HEZA MHS 2T ZH HIXIZY

Bha9le] $57F AR 0 Ao] n]A)E 3
= Yoliy| fisto] 7| 2ulx]of a2 of QIE glucose S
ERHRH150] RS 2172904 171510 wloret 2
I}=Table 294 H-= v} Zth Glucose, sorbitol 2
fructose 2] oA 2 T AERZ QAE AT S
H, lactose S F7HE B fole AE2 A7 A
A=A ghSleh EFF ISR 0 A A ofl= A o]
471912 o 4 919k 24 B9 glucose®) 5
ol W2 AR 0 A& FAE A 7%
TV e AEE 018 ASIRon, T o] i
A= AER QA TA7} 451 (Fig. 1). Cellulose
Aol 2179] Bhagle gl o Aoz o
A k. 2 A. xylinum IFO15606-2 xyloseS{(Ishihara
5 2002), A. xylinum NCIM2526-2- sucrose-E{(Ramana

=

Ce llulose thickness {mm)
w

0 1 2 3 4 5 [ 7 8

Concentration (%)

w

Fig.

=

Effect of glucose concentration on cellulose production
by Acetobacter sp. F15.
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Table 2. Effect of carbon and nitrogen sources on cellulose production by Acetobacter sp. F15

Carbon source . Nitrogen source .
2%) Cellulose thickness (mm) (1%) Cellulose thickness (mm)
Fructose 2.33 Beef extract 443
Galactose 0.46 Casamino acid 0.00
Glucose 2.82 Casein enzymatic hydrolysate 3.25
Glycerol 1.53 Corn steep liquor 1.41
Lactose 0.00 Malt extract 1.24
Maltose 0.87 Bacto-peptone 0.00
Mannitol 2.35 Proteose peptone No.3 2.84
Sorbitol 2.78 Soytone 4.09
Starch 1.54 Tryptone 3.85
Sucrose 1.71 Yeast extract 3.69
Xylitol 0.98 NH4NOs 0.00
None (control) 0.00 (NH4)2SO4 0.00
None (control) 0.00
5, 2000), 4. xylinum KU-1-2 mannitol(Oikawa 5, 7
1995/ o}8310] ERHOR ARROAZ ANATFL oo
- =
shch ey g2 AER oA AJFTFES glucose rk
£ 7 Al Esl= A o2 X 31(Sutherland, 1998) %] o] -S 4
5
ol & AFATe}F AAHITE T, glucose= Al §a
- = - 327
g2os Ao Wad o 33N gy F
SR S agt dgA =AY qEkS gk ,
A glom g thE ElAHET Al AEZ QA A 0 1 2 3 4 5 6 7 8 9 1011 1213 14 15
b = Concentration (%)

ol 5 a&AQl Ao r 4%t Toda -5 1997).
Ao FHR7MAAER A PAdFol nA= I
= ol 7] 9fsto] 7] ulA|of Lt of
extract@} bactopeptone2- E3Fs} 1232 ZA4HS 7+
ZF 1% 3 7}sko] v et A= Table 204 Hi=
v}o} Ztt} Beef extract, soytone, tryptone 2 yeast
extracts AL YO0 2 AL83519S o A2 F7A->
AE2 A5 AAsIleH, Frdads A7
Aol AERE A7 YR gttt EEE 7]
vl x] of] 8] o] )¢ bactopeptone A AEZ QA
A dols A YIRS mIAA] ER e B R ] R of| 4]
HiAIAIACk o & = QISIEE o) s AER
QA o] 2 FRS- n| X =2 (Chawla 5, 20096) A
7] ZF Al sho 2 AER oA WS 2
Abshgl o0, 7 ATR= Fig, 20 4] Wiz ule} 2},
Beef extract2} yeast extract+= 3% 4] Z+2+5.09 mm,
4.05 mm9o] MEZ QAE AT O, 1 0]Are)
Freo A= FAZE eREsHA 2148131 Tryptone 2]

A E yeast

Fig. 2. Effect of nitrogen source concentration on cellulose
production by Acetobacter sp. F15. @ beef extract,
M soytone, A tryptone, 4p yeast extract.

735, ol vlEste] dEr 2o FAVE SV
o] 4%0)| A4 4.99 mm] AEZ @ A7} AYAFE oL}
71 o)) ol AE T WSt igich ojob e
2] soytone> %= 7ol Hgsto] MER oA £
7} Al&H 02 Z7Feto] 12%0]4] 6.18 mme] WS
Q5 SIS Aol A AER e AE A
g 79, yeast extract7} 71 925 A A Yolgkal B
1(Son 5, 2000;Matsuoka 5, 1996)% H} Qlo] H A]
3] A1}l AFo]5k) O L Acetobacter sp. V6= soytone
ollA] Ao AR50 73 ot 2 Arle} Al
AHKim -5, 2009). $HH, soytone S A| yeast extract Z|

G 2l Bt ofje} eagt ofuliedl, ule}
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A= GFL Qotiy] stol 71EeA] Tl 9)
& NaHPO, - 12,02 ZEF 43:9] QAHGS 212}
1%4) H7}sto] vjeFst A}, K,HPO, 0.2%, NaH,PO,
L 2H0 0.2%0NA] 71 F718 MBE A5 A
ATHE1A A,

Table 3. Effect of co-carbon source on cellulose production
by Acetobacter sp. F15

Co-carbon source (0.1%) Cellulose thickness (mm)
Acetic acid 6.85
Citric acid 6.15
Formic acid 5.10

Fumaric acid 6.20
Gluconic acid 6.30
2-Ketoglutaric acid 6.05
Lactic acid 7.26
Maleic acid 6.80
Malic acid 5.95
Oxalic acid 5.55
Pyruvic acid 6.25
Succinic acid 6.70
Tartaric acid 6.00
n-Butanol 6.80
Methanol 6.65
Ethanol 6.95
n-Propanol 6.70
None (conrol) 6.35

Hagago] Mg e A%l nxe F3S
otr 7] $15te] 7]wul A o] sZFtE]o] QlE citric acid
& moka 2850 MATANS 217 0.1%4 A1)
of WjoFat AT} Table 30]4] 1= nfo} ek, AR
HZEFAY 2 acetic acid, lactic acid, maleic acid,
succinic acid 2 n-butanol, methanol, ethanol-2 &7}
e A5, Heagads A7shA] & 2635
mm) 2t} AL SR A7} G ow, T &
lactic acid?} ethanolo] 82121 HZXEAYo|ch
Z12{1 citric acid, formic acid, fumaric acid, gluconic
acid, 2-ketoglutaric acid 5-9] R ZEAYL o243}
H| A 288 MER e FA7F aESlnh 24
HZEHQ] lactic acidE 0.1% H7F0S 49, 714
A AR 0 A7) A E QU THFig. 3). 31, lactic
acide} 5 WA ABE0A A0l 945IoE
ethanol ©] 2 3A1H S 83} A3, lactic acid 0.05%,
ethanol 0.3%°]|A] lactic acid 0.1%X.t} FA4L A=

Abatol &Jet e 31eH 7)) Al

220 QRS Sfat YA 2ot 899

27} AR QTH A A, 2 AFZETH= acetic
acid, lactic acid, succinic acid®] 7= AEZ oA
RS S7HAIZIANE 1 9 e fr S AE
2o RS F7HATIA] Y=t Chawla &
(2009) 2] R 12} vk 12 gluconic acid 3
7t AER A S S7HAIRITHE Park 5(1999)
B39k AX|SIA] okt 31, ethanol-2 Al|3E A5
< 9J3t ATP -$%=5 57}A|7]3, pentose phosphate
74 20| #ofdl+= glucose-6-phosphate dehydrogenase
O] SIS Ao mi AE2 e A0 WS =
4= okl KB 31(Naritomi %5, 1998)%F| %101, lactic
acid+= glucose®] ALE S HAEZ A oA
tricarboxylic acid 22 HZA|Z 0 2R A|3EZ YL
& AT, Andom ABRoA AHTE F7)
A7 A S &2 X 31(Dudman, 1959)%] o] Q).
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Fig. 3. Effect of lactic acid concentration on cellulose
production by Acetobacter sp. F15.
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Fig. 4. Effect of temperature and initial pH on cellulose production by Acetobacter sp. F15.

3.4, AMZANM MERRA MY

3719] Axfe]] o)At FHHE AERZ A FAE
F7HAA 5= 9l 272 glucose 7%, soytone 12%,
K,HPO40.2%, NaH,PO,4 - 2H,0 0.2%, lactic acid
0.05%, ethanol 0.3% (32C, pH 6.5)0]|%l o1, o] =
oA B 2ulFS AAIRE A= Fig. Sof|A] Bi=H}

™ =
pH

o,
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Fig. 5. Time curves of cellulose production and pH by
Acetobacter sp. F15.
@ cellulose, lpH.

oF P} AER 0 A= HljoF 1 AN E] YA E7] A 2}s)
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WEE oL UE BHOR g
o] uhuto] 34} TR AL} v}A
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gt IAolet. Fig. 6A 4 B= EFo|(1 26 cm)
2 olgelo] wler 9 A B2 oS ekl
o=, 3l M| Fe uh FeRIS o 4 ek FAL
HAAN|A L o] §stol AT B e o] )y
x5 WA AT, ABROA 447} A0)E HY
2 A= JY e 33k W0 H, I iR Al
27t 28] 9l Ao] W= tHFig. 6C). o]
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Fig. 6. Visual observation (A, B), scanning electron micrograph (C) and X-ray diffraction pattern (D) of cellulose produced by

Acetobacter sp. F15.
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© 7L Zez HiEe] gthChawla 5, 2009).
S, A4E AEROAS XRDE AR A,
20=14.6" @} 16.4° ol ZFzF (101)H} (101)H 2]
31 =37F S E 0 UEhd e, 20=22.6" oA
(002)e] 312 B=17} LehgciFig. 6D). b
Acetobacter sp. F159] 2J3lo] AAE HMEZ o AE
cellulose type 12] AATZE 7132 & 4= AL

4 282

At AER e 553 B40= ¢
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= QA Eolo] AMHE AlE AER oA B
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