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Abstract

Production of Bacterial Cellulose (BC) by Gluconacetobacter sp. AS was studied in shaken culture using different
cost-effective carbon sources and its structural and mechanical properties were evaluated. Glycerol showed the highest level
(7.26 g/1) of BC production, which was about three times higher than the yield in glucose medium. BC production depended
not only on the decrease in pH, but also on the ability of Gluconacetobacter sp. A5 to synthesize glucose from different carbon
sources and then polymerize it into BC. All BC produced from different carbon sources exhibited a three-dimensional
reticulated structure consisting of ultrafine cellulose fibriles. Carbon sources did not significantly change the microfibrile
structure of the resulting BC. BC produced from glucose medium had the lowest water-holding capacity, while BC from
molasses medium had the highest. XRD data revealed that all BC were cellulose type I, the same as typical native cellulose.
The crystalline strength of BC produced in glucose medium was the highest, and that in molasses medium was the lowest. Our
results suggest that glycerol could be a potential low-cost substrate for BC production, leading to the reduction in the
production cost, and also to produce BC with different mechanical properties by selecting appropriate carbon source.
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EES o] wholl 4H A 28-S fleiit= 7R
gk 2NN EeES AASHs 2k A2zt dast
ti(Delmer and Amor, 1995). 121} 3}HA Z|g]= 4
S o] vl7lel wisE dogdomn el
483 BAE o A ol St
(Yamanaka et al., 1989). A& 484 Fo] 2 B
7|8t AREe] AAtel] BAolx|rt e Aol gk
7t 71l wet i dREA SA0] M
g 571kl A A 5 AR ZAIE WA
7]a1 )i Sutherland, 1998).

Gluconacetobacter <; Alls2 Acetobacteraceae]|
&31= 7 2Al, A 3714 7HFolch(Kersters et al.,
2006). o] Alte] FEIF T3 EA2 A& A5}
HEl= =2 Z2A3=E 7% Al d-f<x(Bacterial
cellulose) 5 E<-Eo] 215 ZIE|A] O AJej 2 A4k
BItH= Zo]ti(Ross et al., 1991). Alit A-54= 20~
50 nm&] BAA-S{ Microfibril)7} 44~
B2 AZE 32 IR E oFAL QAL =2 AP
oF BHAl d PREGES 7L gleng s
s, A wEA, QFa R, Qe ET S = A
2 ER7AE 2 Aem o424 Qlri(Sharma and
Bhardwaj, 2019). 3T} Alat A4 %18k
aAfjo]7] wizol] AYefehA] THoA = w2 Q] Aaar
At &k 4= QIthLee et al., 2014). 18} A SF7H]| 9]
At 525 A8 S1e sl A= ik
o] &2 glucoseE T o= o-851307of Aufa o
2 AE ARkt ZAde] dolRle wide] st
(Chawla et al., 2009). W=}A Al Ad-G4 AARS 95t
Ho} A1 71 o) gAo] Z a3t Aok

Gluconacetobacter <5 Aot 5, G. xylinusE 22! A
O 2 olgsto] A o Astet Bl sl of
gt 712 9 -8 A7t Bl = e, 4
WA o7 AlFof| o] 4 T 714 sigell =LA 7]
oJgiRoss et al., 1991; Brown and Saxena, 2000;
Romling, 2002). &2 412 AlzHje] Hah sZofxle]
2 2 W qsH AFE 2ASE] Sl in vitroof]
Al G xylinus7h /382 2 SRE|QlaL, ofof w} gk
AlE Al AL20] JElk 4 713E ARl QLo
Gluconacetobacter < Alsto] o] 82 7IsAL uj$- =
THWhitney et al., 2006). w=2h4] Gluconacetobacter

sl - o] on] - 5

< Alatol] oJ3t a4 AJARS mabH o g -T2 )
£ o] ZtE]ofof sh, o] & it AdiFoR o
TE]ojof & A2 Gluconacetobacter < Alxt2] 75 gt
29 o853} o|Ao] Alfae] Ak L2 B
12 FERS melsh= Alo|ch

2 Aol it A7 ehaglo] Al A
ARk v A FFS AES 5, Al 4] ulAlt
Z 9 5 B9 50 BEAAS AR BN Al Af-
20| e ikt g 71712 ofsfel] Bagt 7| 2A=E
Algstaat sh3ick

Aol AME AR AR HE Az
B #2] W 543 5, Btk <] Gluconacetobacter sp.
ASOIQIck. Al 45 AI] ARGE 71 HR] 0] 24
2 glucose 2%, yeast extract 0.5%, polypeptone
0.5%, Na,HPO, 12H,0 0.675%, ethanol 0.3% (pH
6.5)°12{c}. 71:2HlA] 50 ml7} el 250-ml 82 &
efase] HE F9l w5 3 Higo|E AEste] 30T
A 391 Bk A e B, AT AR e A2
eIN717] $15t] SEIE 781 ARtk ofo] Bt
H 579 A== ojusie] Sl Alt A= 5% (v/v)
2 o) 7} zploR 2 7| 50 mi7 §H9E)
EeRAso] HFsto] 30T, 200 rpmofa] 741 vt
ek

2.2, ZHIH A B

At A AARS: 913 A7 Bk AR 9
slo] 7]i2ulx] o] ©4-919] glucose AL A1FAke]
2] AMgE= a1t A|H(Fructose 55%), sucrose2}
inverted sugars gHt G, TR Hlo] T £
AMEQ] glycerolS H718Ich o|df glycerol 2%
(Wiv), 71 9] ebale Bkl 7520 2 2% (w/iv) 7t &
T2 vjx|of| H7IBIr). $HIE-S- dinitrosalicylic acid
method (Miller, 1959)0] oJa}o] 2453t} E AlS o]
ARG T apde|Eke: 27 GAR(F) 9wk
A wphe] FxAelA LYgsielct. SR o8-St
hl 4% (wiv)7t Hl=s S|t gy vpdejels
Z}2F 9,677xgollA 30+ 2t
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2.3, i MRA0] MR &3

s Ftol A Al 4
1

3] AlFsto] vl AdE-e AlAsTE AlAEt Al

ARE 53F Ao 6 ol EIT LS &
A2 T, 2Rzl ol £490] B i) A}k
o]o]A] 105TollA] Frko] & w7ix] Azsto] sk
2 =739t Embuscado et al., 1996).

2.4, Nz d/40 3XHEH OMTE 2t

Mot ARAE 52AX310] 2.5% glutaraldehyde
£ 70~99.9% ethanol ! isoamyl acetate -840 &
S50 e 5, Axsirk oG Wgow 7Y
gt &, FAPARAUIHJEOL  JSM-6390, JEOL
TECHNIC LTD., Japan)& 0|83t Al 494:9] 3
AU s et

25 Mzt M{40 AY 71X 24

At 435425 sheet FEIZ AJF310] 105ToA] 12
A7t 3§90 AZXAIZ] &, X-ray Diffractometer (Rigaku
111, Rigaku Corp., Japan)S o]-83}0] AALZE A
Sl EAZAL 40 kV, 30 mAolA] 24 = 5°-40°,
scan speed = 10°/mino| ATk

2.6. =

AR Al 94 1 gAY SRS
= Al e]el Hristo] S-23]

gk 5, 1,075xgolA] 15871 hlalste] 452 &
Jelsick ololA] Al 414t Axsle] Sk 9
2] FAE S5l tha Aofl ofste] i 2
5}t Watanabe et al., 1998).
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(Elongation), EHAAI4x(Young’s modulus) 5-2] 7|4
Z EAJLS universal testing machine (UTM; SSTM-1,
United corp., USA)2- 0]-83}o] =453t

W olaelA] R B W AR Al Wl vl
o0, Zrke W AR Uehlch

3. Zut & 1

3.1. EHARO| MZ dRAL Mit 0[Xl= I

Gluconacetobacter < Aw-2 glucose, sucrose,
fructose S EgI5t T}k Bl 0 B HE At HRaE
AAFEF 4= Q)= 7o H11%]QIr(Keshk and Sameshima,
2005). L, Allet A ol ot i) At
L glucoseZ} FTHOE wiR|oA] S=YE|S)7] wiEo]
glucose o]2je] The: Ehiglo e AKIE Al 41
o] nlRe) ofsb B4 BE A 7|Ho] B
3kt U2 okl w7} 7] ek 2 Aolae 7t
% TRRl0] Al Abf Aol HlAk: RS ZAT
9105, 71 A7h= Fig. 104 iz vlo} ek, whagle)
H7He Al Al Al B4el e o 4 glgto]
AR F glycerolo] 7P =2 ABAIRH(7.26 /1)
& Uehict Sals shailo] HAE wjoHE
1.45~1.5 g/19] At Ad-0-47F A4 Glycerol-2
Hiol o o8l ALHA] A= FARERA], citrie acid,
dihydroxyacetone, ethanol 5 T2 u|RE- QAREE AY
Alof| o]-8-%]77 QIti(da Silva et al., 2009; Morgunov et
al., 2013). Hjo] et Arto] 34 sz 23yE of
glycerol= H|g| A 02 T Hhge Zlo]al, Aijxlos
HPREE o8 4hjlel Qlof Sast 71dE &8 4= Sl
Zofe}. ubde|ke: ot ok WA H|Y gt T
sk} tRt F718E RSk Qlo, nERAE
T84 o, S 5= Akl Izt 712 A9 7}
540 ElRE]aL @itk (Khan et al., 2007; Ahn et al.,
2011).

S, Hopele] 2% pHL Al A9 vl
HhAsh= FHRS-9] z]3o]ci(Keshk and Sameshima,
2005). Glucose7} H71e Hjofolo] 2% pH (pH 3.1)7}
TV Sergels RSt Al 49o) ke
(pH 5.5), 2 2]di(pH 4.3)0] 37l vjA| =} =34tk
gk glycerol 9 o] 7R uiR|ofAe] 2 pHi= 7<)
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Fig. 1. Effects of different carbon sources on bacterial cellulose production by Gluconacetobacter sp. A5. MP: Makgeolli

pomace.

oVt fliert Al 4 Aol ok wje- 7k
(Fig. 1). ARt 425 234 4= )= Gluconacetobacter
2= M2 glucose S gluconic acid= AFSFA|7]1, o]o]
e} wfopele] pHE AHAIA Al A5 AR A5}
3= Ao R HIE Rt (Schramm et al., 1957). & A
o] Aik= Al Afe] S sk 220
pH A3} #ql o2} Tkl BhAY © 2 HE glucose s
8L, glucoseE At A= FEA7 1= Sl

2$-Icks 242 Ul

3.2, EARO| M7 MeAQl O|MTZ0 OjXl= Fe

ehaH 2 ke Al ARl RS AR
AFAn| 7S ARt} AR Aik= Fig. 2004 H=nf
oF Zrt. m= ARtollA mA R Al A%
) chgde] 33 AT S TR 4 Qe ol
2t uA| R Qlsto] Alet s AlE AR
ol & &= gl 55 B4 Uehis 2os deiA
QI (Klemm et al., 2001). FE} wkdz]dlo] Z71e
uiRjof| A Ak Al Ao B9, R E |
201 S eRRGAIR nm 2ol A F9lalol
W5ES UERIc) Glycerol} ubAe]uto] X7}l ul
Aol Akl Alat Ao Ad-f(Fiber)= TR AR
of| vlsl} ot o T 2102 et 53] glycerol

2 A& AxEapgelx] oy FeQl Ao itk
t}. Glucoseol| A AARE Allat 4547 71 238513
o, ol Ak o] 7HY =Eshgitk AAA o=,
B ol A ARgE whAlo] Ml Ad-f U

Al 25 A R7 1A ke = AASIEk

o 32 X of
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T 2R RS Aok v T
FAG BaE 5o FAE oJulgict eabR it
Al A0 S BfEs 2ARE ATk= Fig. 30
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-cellulose BT} 32 = H-3-e VP9I 0|7t
Fig. 20)|4] Hi=ule} o] Al it ad R o]
Foi7 32kA AR | 2Eo] 95l 7]RIsk=
ZAog WAy, w3t 7P AEst 25 Bl
glucoseollX] AR Al A4 42 B-f2o] 71
woron, 7t mgth i) uatRE Yepild
oA AR Alat AT 7 =0Tk o2t Al
o Al Aot 47 B529] BA|= Seifert et
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Fig. 2. Scanning electron micrographs showing microstructures of bacterial celluloses produced from different carbon
sources by Gluconacetobacter sp. AS. (A) Makgeolli pomace, (B) glucose, (C) molasses, (D) glycerol.
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Fig. 3. Water-holding capacities of bacterial celluloses produced from different carbon sources by Gluconacetobacter sp.
AS. MP: Makgeolli pomace.
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Fig. 4. X-ray diffraction patterns of bacterial celluloses produced from different carbon sources by Gluconacetobacter sp.
AS. (A) glucose, (B) glycerol, (C) Makgeolli pomace, (D) molasses.

Table 1. Mechanical properties of bacterial celluloses produced from different carbon sources by Gluconacetobacter sp. A5.

Carbon source Ten(sli\;;: ;g;;lgth Elo?lia)tion Youni’vsl [r)l;;)dulus

Molasses 56.9+2.3 3.793+0.062 457425

Makgeolli pomace 48.3£2.1 3.825+0.075 40.2£1.8

Glycerol 39.8+1.5 3.087+0.032 37.240.6

Glucose 57.6+0.9 3.793+0.030 36.6+0.6

Filter paper 10.1+0.5 1.640+0.004 33.7+0.5
710] W] A|zE(Endothelial cell)®] 5124 Wl S4& 3y ©f BJHnaS WolgirkFig. 4). 0|2 AjeiAe] &
A = Qs IR S o = 7] whieel @ Aski= HA cellulose type 19] AT} UA|SH= 4
2+ o] (Vaseular graft), & o|4Bone graft) 5ol o]giek. Tt 2k AwTol A AR Al A 2
feia 4 olekBodin et al, 2006). T SEATE O] A Aolgir, glucosert H7HE HjRlol A
Q@ sR= 3pF W o]Bg WL} Ao ARREE AL, RIS At A0am0] AR 77} 71 =0 vhd, of
A7} ok o] fofeleh Wb Al 54 W ol A A el 2 e 7R st
2 9l ke Aash) HEGEoRM o) o eFe]  th o] Zuk= G| A}go] Acetobacter xylinume] <]

Plo] 5.8 804 Shi 4 21 Ao = Weislsich

rm
[nY
2
E
|:|>
|o

AMFx0| ojxlz I

1?1_ *111_ o] AAEE A
7] 95} X-ray diffraction (XRD)2 =45t 27}, &
£ 9] Al A 20 =143° 2HOI4 (101)

W} (101)He] 3-RIE, 20 = 22.4 ° |4 (002)H

ut

S A At Adfre] 2748 TAAIZITRE Keshk
and Sameshima(2005)2] H119} AX|gct. AyfHoz
Sl s AeRo A Al A6ao] 254

[e] S 2~ [e) A~
= AT ek 2SS & = Sl

35. AR MiZ g4l Sists E4 nizls T8
gl AARE Al g4l ofetd B4



ZAfet Z3l= Table 10]|A] 2= v} Zth Glucose 2
I ufR|of A ABARE At Ao 7 TRl o
A H} oF 5.6-5. 7] A= =& =S VFERHSIC
¢41&-E glycerol HiX|ofA] AARE At 4B A9
Shale BISRE gk UERigI: s izl
ofpxjof| H]a} W= ARdTtollA HlaA &2 S vEt
Wikt 5351 St vrae]dhof| ] AR At A
28] eHdAl7 L Ssith Allt Ao gV Al
7k 3AA] mA SRR Woll EAEkE vl
9] HjgK Orientation)ol| 7|318k= A0= deiA] Sl=t|
(Retegi et al., 2010), FH} 2R 2H}o] 79 4241
e UehSIE 2 Ao AilFig. 2)2F & 94
SIoITt 2 AR Aak= AAIA QL A7He] uijR|2A] T
LS ARGt AR At Aot the A 22
o] EHA) Al W 8ol o Ajtshhe 2 Sjnlgt
tH(Ebrahimi et al., 2017).

4.2

T

H oTLof| A= Gluconacetobacter sp. A5 2J5F Al
o Al Akt AR At ARl et =4
of thgt W A7} vhad(Py, e Alg, ubde]dl
glycerol) 2] ks ARSI Aol AME Taed
ZollA vlo] oA APk FARERI glycerolo] 7Fg =&
$225(7.26 g2 Al AdgA AARS Bslgiey), o]
22 71 A] Adtol] Sl T2l glucose T} 31l
A =& Zo)det. viFHe] 2F pHe} At Alf4
YA 7Fo] TAE AR Axt, Mt Ao ik
HfjeFelo] pH At} a7 B © 2 HE glucoseE &
g3k, glucose S At AR T = o9 &
o] FLH = A2 & 5= AU At HiaE FAF
ARFn| 7 0 &2 Tt A, Aol ARG ghaollA]
AR = A nANRE G 3AREA]
T2E VERIICE E3T ghAaYe] ST Al AR
el 8 vAkS 25 34 BSRFIA] EE
& 4= Ak 7P e PRE BOE glucoseollA]
AYARE At A0 a7 BefEo] 71 Wokd vh,
7P =gt FEjO) mAlERE UER ST EollA] A
AR Al A 8] St HfEo] 7P =Skt Al A
45 XRDE 243 23k BE Al dRas

AN At dfrao] it 3 54 825

cellulose type 1S & 4= A%l o, glucose”} d71=l
vl Rjof| A ABARE At A0 AR A= 7P =8k
O} ol A AR At o] AR/ e 7P
okt ogfst A= glycerolo] Gluconacetobacter
sp. ASO]| oJgt BC AJARS 913F 2141 A7} 7] lo]
S glop], Egh HUT BheRls AHToRA ofsty

E/do] M2 HE BCE AT 4= Sha& AR

ALl 2

o] =g AkElL 7| AT A2 ) 2lst
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