creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

RSV

18

AR LA E o &3 YR
WEZON YA D B AT

PR B RE G

ft B B

ERV/ Y

20144 2H1



AEFA £UAE o] §3 v PR
WEROA AN Y B4 AT

o] M= BHEY fE-EEMY Gmcoe®E RS
20144 2]

kel BEEL LR Gele ARAES

=

whEE A @
% =} @
% S| @

PR B KRB

20144 2J]



Microbial Cellulose Production and

Characterization with Citrus Wine Sludge

Seungjun Baek
(Supervised by Professor Sunjoo Lee)

A thesis submitted in partial fulfillment of the
requirement for the Degree of Master of Science

2014. 2.

This thesis has been examined and approved.

Commitee Chairman,

Dissertation Committee,

Dissertation Committee,

DEPARTMENT OF CHEMISTRY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



LISt Of Tables wererresrresrmsrsrmssmsessssssisssssesssssssssssssssssssssssssssssssssssssssss s sssssssssesssanes i
LISt OF FAGUIES «rseeesseeressseressseeesssee st assse st i
LiSt Of ADDLrEVIALIOMS +rrwererresesresressssmsssssmssssssssssssssssssssssssssssssssssssssessssssessssesssssssnes v
ADSEFACE #rereereeresessessssesssss st st sttt s e e vi
[ A et 1
1. thA] HIR] BFAO] T QAT s 4
0 MAE AEZ A0 AHXE AT ATEA s 5
3. U QIRFO] GFIEIEE] e 6
1. AJE T HFH] oo ssss st 8
1. AJOE T 7] 7] ettt 8
2. Elemental analyzer (EA) =7 o 9
3. & o =74 (Phenol—Sulfuric acid method) s 10
4. ICP—OES S/ ettt sttt 11
5. EtOH BFEE ST o s 192
6. AFR TETEO] HOEZET] cerreererreremisenieei e 13
7. 49 &8 H 9 Ao wWE BCAAEE SOl 13
8. MWS Hi#/¢} YG ¥ YGE wWiAEFH MEZ QA PATE H L e 14
9. X—ray Diffractometer (XRD) S e 14
10. Field Emission Scanning Electron Microscope (FESEM) 7 - 15
11, & UFIm Q] RF ABA] et 15
12, 8 3928 24 Ul S8 HEF ZH e, 15
13. Paper disc diffusion mMethod - 16
14. Colony forming unit count method s e, 17
I, ZTF D GEZ e 19
1. 901 SR Q] HIA] R BFA] et s 19



20

%]-aok %7@ (Phenol—Sulfuric acid method)

3

1-2.

O
A

AL
0°

il

A

-
G

22
- 24
25
26
- 26

bR es A
A F OO APAFEE i,

s

= %
L

)

of w

P

= °l&
T

¢

]—% /Ha]%iii-o/] —%}EH gl ?-}_

L

=2 34

O]: ol

Sl

2 Z] B e
1222

=

=

O~
wH oA

<

=

Al

kg o ¥
2—1. &<l
2—2. "jA]

1-4.

30
- 31

T4

32
. 34

31
- 36

3_3_2 Colony forming unit count methOd

3—3. Ag—BC9 &3t

M
K

or

o3

Y

o
alg

A



Table

Table
Table

Table
Table

Table

Table

Table

Table

Table

LIST OF TABLES

. Minimum inhibitory concentrations (xg/mL £ SD) of nano silver

ShOWil’lg antimicrobial aCtiVitieS .......................................................... ’7

. InStrumental COl’lditiOl’lS for EA analysis .............................................. 9

. Instrumental detection limit IDL) and conditions for ICP—OES analysis

. InStrumental COl’lditiOl’lS fOr XRD analysis .......................................... 14

. The element analysis of YG medium and mandarin wine sludge

. The ICP—0OES analysis of YG medium and mandarin wine sludge

medium ...................................................................................................... 21

. The concentration of ethanol in the wine sludge medium by

refractormeter ........................................................................................ 22

. Antimicrobial activity of Ag—BC prepared from AgNOj3:NaBH4

molar ratio of 1:100 against (A) S. aureus and (B) E. coll.

10. Colony forming unit counts (cfu/mL) at O hr. and 24 hr. contact

time intervals with the Ag—BC prepared from AgNOs:NaBH,4

molar ratio of 1:100 against S. aureus and E. coll.



Figure

Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

LIST OF FIGURES

1. Structure Of Cellulose ........................................................................... 1
2. Synthetic pathway of bacterial cellulose from simple sugars.
Each synthetic step is controlled by specific enzymes -« 2
3. Chemical structure Of Cellulose ........................................................ 3
4. Silver Nanoparticles generation ProCess e 7
5. Absorption spectra of color products from hexoses and pentoses
...................................................................................................................... 10
6. Calibration CurVe ................................................................................. 11
7. Schematic of determining the antibacterial activities through
diSC diffusion methOd ......................................................................... 16
8. Schematic of antibacterial activity measurement through CFU
count methOd ......................................................................................... 18
9. Cellulose produced from MWS medium and YG medium
...................................................................................................................... 23
10. Comparing the amount of cellulose produced from MWS medium
and YG medium ................................................................................. 23
11. Effect of media on the production of BC e 24
12. Scanning electron micrograph of BC, A : MWS 50% medium,
B : YGE medium ............................................................................... 25
13. X—ray diffractogram of BC e, 26
14. Silver nanoparticles impregnated into BC prepared from the
AgNO3:NaBH4 molar ratio of (A) 1:100, (B) 1:50, (C) 1:10,
(D) 1:1, (E) 10:1 sereeeeemeeemessesssessss e 27
15. Scanning electron micrograph of BC e, 28
16. Water holding capacity and Water release of pure BC and

_iV_
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Abstract

Bacterial cellulose was produced by Acetobacter xylinus subsp.
sucrofermentans (ATCC 700178) strains using the mandarin wine sludge
broth. It 1s known that carbon source and nitrogen source plays an
important role to produce cellulose. This study was to evaluate that
Mandarin wine sludge broth was worthy of a substitute for conventional
medium for the producing of BC.

The mandarin wine sludge was an inexpensive carbon and nitrogen
source with ethanol. It has been actually discarded once the alcohol
fermentation was finished in the winery. When the contents of carbon
and nitrogen in the sludge were determined, The sludge had less
carbon with sugars than YG medium while it had 3 times more nitrogen.
BC by Acetobacter in the sludge medium was produced three times
more than in YG medium.

Bacterial Cellulose(BC) was identified by its morphology and XRD
pattern. FESEM data showed similar three dimensional non—woven
structure of nano fibrils. XRD data found to be same pattern, such as
same theta value and signal pattern. Both data implicated that BCs
produced in the sludge and YG medium were same kind. To confirm that
the BC produced can be used for the purpose of wound healing, BCs
impregnated silver nanoparticles were prepared, and tested anti bacterial
activity and water—holding capacity. Silver nanoparticle—impregnated
bacterial cellulose showed an excellent moisture content compared to BC
without silver nano particles. The freeze—dried silver
nanoparticle—impregnated bacterial cellulose exhibited strong
antimicrobial activity against Escherichia coli (Gram—negative) and

Staphylococcus aureus (Gram—positive).
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In conclusion, mandarin wine sludge was sufficient to produce BC. It
can be used as the BC producing medium. BC impregnated silver

nanoparticles also can used as wound healing—aid.
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Cellulosex= B —D—glucose’} f-1,4 2FIA=ATS T3 THAE ol&

thgFolth(Figure 1), AZEZ oA WAk U7 BoA HA{E o|F+=d 1

Hod9= AE 0.05 nm, 4] 0.6 nm °le AAFZE 7Fd njAdg o] F

oA Y WA wAde] A HiEe BAAY deor Ho o MEE A

A = FACA 17He] Aol e whE wAlekH, ojd A A
22029 Ao Zgo] Agh?,

OH

OH

OH

Figure 1. Structure of cellulose

Cellulosetr LFA &9 AxHE FHFOE BHARY gifES At %
A A g FEA AdANA = AR geo® FHeHA EAskeE 713
Eolt}? . Cellulose™= Jodrell Laboratory®l*] Charles F. Cross®} Edward
Bevanel 2Jsto] 1885del viold FHx= FH At AEA oA AEH L
A713 AP e EA o]Folx Sl oleldt AEB A Cellulose fibril
Fo 74 eaegy.

Cellulose= @A #1A, Fx, WALYGS B3 bgekdt FokelA AREH L
U= ooty AFA SE&TZoE v Bl I &H|Fe] AA FUhE A v
53] AAAAGEY Be a7 HAAQ dd R Folo &H|[ZF wFste] Al
A AERE 2ol HA Wit Fo7F A Frbeta /e, 98 Fu =4

of FEMI HE gl AE cellulosed FAANY F uFxx9 3eAE=

Mz



A3t B EAE op7]ghe] wet 2 A4 tAdEel st A7 Zad 4
Aoltp” . wabM wAEe o8 AikEE Az e ik #Ae] EolAm

CelluloseE A= mAEZE 1886 A. J. Browno] Aol AER

22 A= w98 o)F  Agrobacterium %, Pseudomonas %,
Rhizobium %, Achromobacter % W Sarcina % S st v Eo] H iy
ATk 1 FAA ARl Acetobacter 59 AEZ A Aol 7R 43t
Aoz YETS Al FAFOEE Acetobacter  aceti,  A.

pasteruianus, A. liquefaciens, A. xylinum % A. methanolicus $°] o,

2 A. xylinum S.Z5H AEZ A7} AT = gALE 2ot} (figure 2).
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Figure 2. Synthetic pathway of bacterial cellulose from simple sugars.

Each synthetic step is controlled by specific enzymes.9>



B

3L 7] wEolt}(Figure 3).

Figure 3. Chemical structure of cellulose
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TotAl she Q4w WA ok wHbHleF 2 Shell A cellulose A &8
of et mieF wix] 24 JmIol FIsE AFelA olHd YEIEAEHL oEE
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eAE F5% Uk FERERYH dojAe w2 FE FE Y dolrt HZole

=3 22 FdeHe AL e w5 AEReA b @A 234

2o AFEYL olvl AARE Leid Atk 2 AAe] 7t An HA

of o, s A AMAL Vee tHEH o R oAlste] 6509 F

Fol ATE Fol pom LA APV 29 vgE BBYI} 58S 1869
dRE ATHY] ARs] @A E Be ATAEe] ATE WY glor,
CHE FAA Hstel WS e VAR b A7) fRe] &2 o]§% A

bl

o] ApREr) e ek, & U 9 mAE B84 g aukes
v 7] A @A A FE A 2000 d el FoA o &gl A7t %

AT O Y, 218 54, 18 A AT eHE Ad Aol =
Foluk mpojef el o] 27| 74A] vreket v Eel thtd sl stk (Table 1).

At om 7]Ee] A Bo ¢ J%‘f& Rl 912‘31, R FEAAME

0::

1_.

d

2 gkl A therdt Bl gelA vk 2% Mg REFow A
S5 S AgNOs8t NaBH.E AHgsle] 2 QA5 $94)7]E dolu
NaBHi&= #7184 SolA A5 AMgshs 288 @942 AgNO; F890]
NaBH; 898 H71shd & o] (Agho] 950 &(Ag)o® 1 Ag &
Zol= goloA £ BHy o] & Y YRS EA = FA7)H
droll &) v xke] ezl =i ol th(Figure 4).



Table 1. Minimum inhibitory concentrations (xzg/mL £ SD) of nano silver

. . . e e 28, 32
showing antimicrobial activities ),

(ng/mL) (ng/mL)
Bacterial*  Silver Nanoparticle Positive controls**
Gram positive BS 1.5—-1.9 32(G)
MB 1.1 0.5(R)
MS 0.2 -10.8 0.85(R)
MRSA 0.3 —0.7 64(G)
SA 0.5-0.9 1(G)
Gram negative AB 0.3—-0.5 0.06(AK)
EC 0.3—-0.7 0.5(AK)
PA 0.3 -0.5 1(AK)
Fungi AN 25 2(A)
CA 5.6 —6.4 0.2(A)
CN 3 2(A)
TB 2 2.5 —5(A)

* Abbreviation of Bacterial strains

BS, B. subtilis; MB, M. bovis; MS, M. smegmatis;

MRSA, methicillin—resistant S. aureus; SA, S. aureus;

AB, A. baumanii, EC, E. coli, PA, P. aeruginosa;

AN, A. niger; CA, C. albicans; CN, C. neoformans; TB, T. beigelil
«* Abbreviation of Positive control

R, rifampicin; G, gentamicin; AK, amikacin; A, amphotericin.

MAgNO3)
n(NaBHa)

BH,; BH,

By BH;  BH By

BH4' Nano BH4- BH4_ Nano &

-Ag i -Ag .

BH; BHy gy, i
BH, BH, BH, BH,

Figure 4. Silver Nanoparticles generation DFOCGSS%).



1. Alek g 717]

Ao AREFE ol S8 A= sA3A PRI 195002 F-E] Ale ottt

AZZ o~ S 98 AHE ® FFE Toyosaki, H 5°V0] 29 Agzy
B Eg 3 Acetobacter xylinus subsp. sucrofermentans Toyosaki et
al. (ATCC 700178)E ATCC(American Type Culture Collection) oA <k
ol ®ER dFE ARSI AL, vl 2= thERSHe] Shaking Incubator
(DS-310F) & AF&sidlth. mPAE  wiks 98 AFEE wixAEo=Z+
Glucose (Sigma—Aldrich, USA), Bacto Yeast Extract(BD, USA), Ethanol
(Fisher Scientific, Korea), CaCO3(OCI, Korea), Bacto Agar(BD, USA)&
ARl

7 9l £ Ao =98l vdd AEe FA46le, C H N, S &

238l7] 98] LECOAF®Y Elemental Analyzer (TruSpec Micro), A=A 24

Bl Had v A4 B4 S8 Perkin ElmerAhe] ICP-OES (OPTIMA
7300 DV), Alx HAAYE sH719lsl HNOs(Dae Jung, Korea),
MILESTONEA}S] Microwave Sample Digestion System(START D) #7=f
Ao #gde] AbgE 2FEHS ICP-MS 68 Element Standard 1(48
Elements) (QCD Analysts, USA)E A&, EtOH %ZF= &l st7]9ls)
ATAGO (Japan)AF¢] Pocket Refractometer AF%, & ToHTF SHS $8)
Phenol—Sulfuric acid¥= AF&3t31aL, Phenol, H2SO4(Dae Jung, Korea)E
AFEEEe] WES & ¥R 542 TECAN(Switzerland)AF2]  Microplate
reader (Sunrise”

e Cellulose 7% ¥ &4 g1& 93 Rigaku Instruments A}
XRD(D/MAX2200H, Bede200, Nonius CAD MACH3), JEOLAFS] SEM
(JSM=6700F), CRESSINGTON(UK)AFe] SPUTTER COATER 108auto &
ARt



Cellulosee] < Yxdx= AAA7]7] gl AgNO3(JUNSEI, Japan),
NaBH. (Sigma—Aldrich, USA) & AH&-3F3ith.

< HeSAE 918X Cellulose® a8 s8s H7kstr] Sl AHEE «
T2+ Gram +4¢< Escherichia coli KCTC 12181), Gram <<l
Staphylococcus aureus(KCTC 113355 KCTC(Korean Colection for
Type Cultures) oA &% Wolr HEHN fFF5 AHESFAAL, wiekel] ARG
WX F 2 TSB  broth(BD, USA), Beef extract(BD, USA),
Peptone (DIFCO, USA) & A3}t

2. Elemental analyzer (EA) =74
Al52E 5000 rpme® 1037 g4 #Elste] Aeds 7ol ast 5§ o 1ol
S TAAZSIY 4TS Aol YU 4 T dARAES AAEIT Alm
N

., S & AZE3E7] 98] 0.5 mg~ 2.0 mg 7FA] Cystinel. & HA=34

S AU} o] ul 40 AAARS BAEY] 9)F EAS AL Table 2%

Table 2. Instrumental conditions for EA analysis.

Instrument : LECO, Model TruSpec Micro CHNS

Furnace Temp. : 1075TC
Afterburner Temp. : 850T
Standard : Cystine(N : 11.660, C : 29.990, H : 5.0300, S : 26.690)




3. & 9% =4 (Phenol—Sulfuric acid method)

el &7 W o) wa gow B
Phenol—Sulfuric acid ¥°V< A3t} o] WL 7akal o] ZA| 3o &

il
i,
ofl
1o
2
i
ot
o
da
r (o]
ol
o
~N
Ho
%

=
S slo] n A Fo] 7153 3 ES e o)A AAE 7 FUEE Hu
E3c= Seg(Hexose) o A9 490 nm, 289 (Pentose) 2l 2% 480 nm

oA HUEFFEE Zt=t(Figure 5).

0.8 1

xylose
0.7 1

0.61

051 arabinose mannose

0.4 1

Absorbance

galactose

0.31 galacturonic

0.2] glucuronic acid acid

0.11

380 400 420 440 460 480 500 520 540 560
Wavelength

Figure 5. Absorption spectra of color products from hexoses and

31)
pentoses.

4 8 ARE ZR4E 10202 43t ALgaUth A@wel AR
300 uL 9 5% Phenol =89 300 pL & H7bske] &35hst & oAl H.SO,
2HS 900 L H7bskal ¢F 10%3F Vortexting S}, o] & Akox 203
8k 5, 96 well plated] 200 zL 2 33t Microplate readers ©]23}o]
490 nmeld FFEE Sk

I8 GlucoseES 1 mg/mlL EEHE 1/28 ZF WA 7MA Awkal 3] 4]
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sto] AFE-3FAA T (Figure 6).

AU

1| y = 4.7839x + 0.0102
R? = 0.9998

0 0.2 0.4 0.6 0.8 1
Glucose (mg/mL)

Figure 6. Calibration Curve

4. ICP-OES &%
nEFdaE F4387] f8 ICP-0OESE AMEsSith Al85 5000 rpmOo=Z
OF7F A4 #Est AedE HAgolHst 5 oygds FAPIs Y EANS
dol #dsHAl Efsttt. o]F FAE SHste] HEZE(PFA) §7]° ¥aL, 70%
HNO3; 10 mLZ 7}3t RIS ZAH1000 W)3kSITh o] W &%+ 10
i B 180CTE AeAl7]aL, o] 2%
Bztslint, mlolazs #alE A &5 FAP] FH (045 mE =84
AAE ANE §F 25T E AREste] §FETAA 25 mL7F H=F 3453
oh B4 A A B89 QCD AnalystsAte] ICP—-MS 68 Element
Standard 1(48 Elements: Al, As”", Ba, Be, Bi, B,Cd, Ca, Ce, Cs, Cr’",
Co, Cu, Dy, Er,Eu, Gd, Ga, Ho, In, Fe, La, Pb, Li, Lu,Mg, Mn, Nd, Ni, P,

—
=

o
o
o
s
Iy
X

S5t A - MM S o

K, Pr, Re, Rb, Sm,Sc, Se, Na, Sr, Tb, TI, Th, Tm, U, V,Yb, Y, Zn) = A}
£33l A7 FEo wel 1FE AEESS 0.1 ~20.0 mg/lL, AL AREE
< 0.01 ~1.0 mg/L HAAE ZAsIATE o] w) 8F2 A FE 48] 4
ICP-OES9] =11 4 &%= Table 39

=
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Table 3. Instrumental detection limit(IDL) and conditions for ICP—OES analysis.

Instrument : Perkin Elmer, Model OPTIMA 7300DV

RF power : 1450 Watts

Plasma gas flows : 15 L/min
Auxiliary gas flows : 0.2 L/min
Nebulizer gas flows : 0.65 L/min

Sample uptake rate : 1.5 mL/min

Element Wavelength (nm) Detection Limit (zg/L)
P 214.914 ~ 298
K 766.490 ~53.4
Na 589.592 ~15.4
Ca 422.673 ~ 100
Mg 285.213 ~5.34
Fe 259.939 ~3.14
Mn 259.372 ~0.314
Zn 213.857 ~1.26

EtOHS] &=2 #213l7] ¢a] ATAGOAS] Pocket Refractometers AF-g-3f
Stk Al&E 5000 rpmo.® 103 94 #Fgste] A ds et st 57 o

e FA] HE (045 mm) 2 BEE QAE A F ARSI

_12_



6. A& @l v

=
o
PN
oy

AEZ Q5 Aakst= + ATCCEYE #Fdtol Bl Acetobacter
xylinus subsp. sucrofermentans(ATCC 700178) 5 2 3o A3t
o] #FE U At vlE @& ZFo AEReAE Atele Jlow o4 A
ATt HAE wieFS Qs VR A ZE ATCCOlA AZsh= YGC x| & A&
g o A9l AL Glucose 50 g/L, Yeast extract 5 g/L, CaCO3 12.5
g/L, Agar 15.0 g/L °o|H, AAfXZ AL & = CaCO3%} Agars A ¢jslaL
Alzskd i, EtOHe]l 1% 7k wiAl= B YGE A2} Astal ARE-st3d

ZAaelel &8 A v (MWS medium)-2 5000 rpm® & 1083 4
sto] Aeds AT 5 A ot A2 Ao FRTE A5k AREEt
Fqow A= p GHE Ao ARSI T

TARATA FFE 250 mL AZFEEAA 150 mL wjFdel HE skl 26T
oA 247k &< 180 rpme 2 ek aFitt. A E CelluloseE #7138kl
FastA HjFATe &7 98 Ha® A=E olEste] Ax dAEAH dAER
A5 WA ofgA S AlE AE g jfode] 5%M HFE sdS

271014 Hjesto] Abg-aer.

M
i

7. skl ZelAe] Aol e BCyE Bl

40%, 60%, 80%, 100%2
AL Folda, ol F /M AEEReA AAEFO] U™ 40%E FHOE
20%, 30%, 40%, 50%2] sxolA RiE AYds o3tk 2 FE¥E 150 mL
Hjokelloa AA ¥ AEZQAES 25510
NaOH F&dof] Yol 2437k ok 80C 7oA AES L5ttt NaOH=

AAT F B FR4S Agste] 4o B WA AL F B Azxe

_E
l&
o[\
!
N
il
i
2
(@]
()]
=
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8. MWS uj#x]¢} YG ¥ YGE wiAlFFE AEZ A~ A vl

10 mL kel Y B AEROAT Siteje] HLo TR4w Aew

0.5 M NaOH Fgdo] Yo 2A7F FoF 80T ZHA AXE L33t}

SRV B EAJAA s fste] XRDE A sHith A
EROAE st A THFE A 0.5 M NaOH F§-9 o] ¥of 2
A7 EQE 80°C F7oA AE stk NaOHE AAT F HFo] F
TE AHESH] FAol E wizkA] AAHS & A 7xste] Film FElZ A2st
°] 5° ~ 90" 260 WSlelA Cu-—targets ol&3ato] A3t o] W A=E
wA357] 9%k XRDE 72 Table 48} 2Th

Table 4. Instrumental conditions for XRD analysis.

Instrument : Rigaku Instruments, Model D/MAX2200H

X—ray source : CuK—« / 40 kV / 30 mA
Goniometer : RINT2000 Wide angle goniometer
Filter K— 3 filter

Scan mode : continuous

Scan speed 10° /min

Scan Step ; 0.02°

Scan axis : 26/60

Scan range : 5° — 90°
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10. Field Emission Scanning Electron Microscope (FESEM) =%

AEE Asrexc] JHE FAety] 93] FESEMS Abgsto] WS w3
st AERAE FEeto] A FHFTE AHSL 0.5 M NaOH 8
of Wol 217k F¢k 80T ZAANA AEES L8ttt NaOHE #AAZ F =
Fo THRTE AFESE] o] A w7k Mg & T4 xssich 993

Z H®E SPUTTER COATER 108autos AMg-3dte] 10 mAR 60%
ox FYste] AJHE AABGATE o] F FESEME Abg-sto] Alge WS @
Zatler o] W AlRE wAe7] 918 FESEMO =712 k&3t 2t

& A
NaBH 9} AgNOz FE8&92 Z55E XAste] AE2eA U & UxdAs

AT F£E3 AE2QAE 0.001 M AgNO; F&Ho] 1A17F do]F 1
Aol EtOHS AFg3dte] 30%7F A& 3t} o3 HEH(0.001 M, 0.01 M, 0.1 M)

!

AZ3 NaBHy &9l 10&3F Yol RtgAA AEZe A Yo 25 @97
AL R SRR 1087 Al skl Bt

~H 5.0 = PR = =
12. 7% g8 54 2 2 UEE 54

40 mL wjFdelA B | AEZenE et g THFE AHsa
0.5 M NaOH F&9e] o] 243 F<t 80T XA AEE Eslistalrt
NaOHE AAg & HZFo] SHRFE AHEste] FA o] & w7bA] A gt o]+
FAOE BCE 7dlel AZ &3 F 23] "ol # xWo E7]E AAstA 37C
A t7IAA 2AIZmY FAIE FAste] TR WEES SYE0 TG

Hsk7h ALl glolAW s Hxsto]

L = =] 9 :
58 2 S8 HEES A9 (Equation 1).

N

o

4
M
wk
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Equation 1. Water holding capacity

Water holding capacity (%) = Mass of water removed during drying (g)

Dry weight of BC sample (g)

13. Paper disc diffusion method

< HxedAE e AEResl] dudAdes 46 fdEl E ocoli 9F S
aureus® Wste] Paper disc diffusion HOZ AL AA&ES SHsI%Y. E.
coli¢} S, aureus= 0.8% Agar @538t wjxe] 1.5x10° CFU/mL 9] o=
AE3sto] 1.5% Agar ¥R 9o HE=t} vix]7F 2o AZA 1.2 mm pure BC
o} & UxIAHE &3t microbial celluloseE &2 37TColA wiksto] 244]

welw 28 wg AXES %5890 Figure 7).

(N
i3

Sterilized by
1.2 cm autoclaving control  sample
p— 15 minat121°C

Freeze-dried bacterial cellulose

Inhibition zone TopiagarFeptdish

E. coicultured agar
plate and S. aureus-
cultured agar plate

incubated for 24 hr. "
at 37 °C

E. coifcultured agar plate &. aureus-cultured agar plate

Figure 7. Schematic of determining the antibacterial activities through

disc diffusion method.
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14. Colony forming unit count method

w2 e E. coli$} S. aureusE 7}7F 1.5x107 CFU/mL & HE381,

0 mL
2 e 370 AERe AHgetel R A ARVL FFU AE, T owA)

AN EHE pure—BCE F7F vpAE Al@@E Ag-BCE ol 24413k wjek &
o ol 7t A@wel 50 mL AeAARE Fokstel 34 F wjore) A4F
3to] Agar plateo] =338t FU3 2707 24A17F wjeksich o] w A #H

22U NG5S 248t MIFdd To F2Y FA AFES vlmetdo?
(Figure 8).
ey v 22 Ak e o) A st (Equation 2).

Equation 2. Antimicrobial efficiency

CFU at 0 hr.— CFU at 24 hr. y
CFU at O hr.

100

Antimicrobial efficiency (%) =
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1. Bacterial suspension broth 10 mLBlank)
2. Bacterial suspension broth 10 mL + pure BC

3. Bacterial suspension broth 10 mL + Ag-BC

1 2 3

& F

lincubated at 37 °C for 24 hr.

1 2 3

N/ &

Addition of saline solution,
50 mL

Removed from each group,
spread on agar plate

lincubated at 37 °C for 24 hr.

= -
K )
\\“:j__-—__— ______.;;//_

— e

Count number of colonies
on each plate

Figure 8. Schematic of antibacterial activity measurement through CFU

count method.
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Table 6. The element analysis of YG medium and mandarin wine sludge

medium.
Element (%)
C H N S
YG medium 39.534 6.5319 0.8926 3.3347
MWS medium 38.7 6.1149 1.8360 2.8155

Table 6°14 Hi= npe} o] 272l YG vi#| 9} £}l &e)#] mx] o] A
A oF 40% AER Hl=e @S JEhlou, dadY Ae 9 &
A7 YG wi el vlsf oF 2.064] A% @ AS & 7 vk 71EuA g} b
w3l & AE ¢ B AAYE AL Yo dAMA R E8 7ted A

2 gstgict,

i)

A]

1-2. & 9% =74 (Phenol—Sulfuric acid method)

A ANE ALEAN w9 A A A gl ehgou wa
fo] ojmet Pz EASH=A & 7] o] WBEes A FPH 0
2 wofshs 9o FaRe FAsy] A6 F ¥ FHL AASHATH(Table 7).

YGHI A= 50 mg/mL2] Glucose?} 517}7] Wit W= Sk &ttt

Table 7. The total sugar analysis of YG medium and mandarin wine

sludge medium.

Total Sugar(mg/mL)

YG medium” 50
HS medium” 20
MWS medium 5.02

* 1 Not analyzed

S A s A A kel S0 3= F Y 2 5.02 mg/mLE YG

MA e oF 10% FE] 4P AL o] Bofales HAAMh YT T

_20_



-9 A2 ko] wo] xstE Aoz ZAgko] YgATE E AT o] 99 Ao
A ARREE g8 AT 7)Eu X E AFE-3$E Hestrin—Schramm medium @]
%2 % Glucose? <o) 20 mg/mL ¢ AL 7kl 9felLe x| wjA = F&

3] 87540 e Ao dAuE

A e Hadt BrEAggrol: gad, Adad o] fox oy 71X

JeFd uAEY FH et GEA o= 4

T ojekel oko] EAsfokslr] wjiE-o ICP—OESS Abgdte] mFAdArs =48
At} (Table 8).

Table 8. The ICP—OES analysis of YG medium and mandarin wine

sludge medium.

Element (mg/L)
p K Na Ca Mg Fe Mn Zn
YG medium 79.30 278.7 19.25 4.053 3.808 0.2552 0.0102 0.6533
MWS medium 78.92 478.7 591.8 43.68 38.56 37.29 13.06 12.43

5
=}
BN
at
N
©
jur)

el |2¥S w] Ca, Mg, Fe, Mn, Zn < 108 oA @& ks
gl = = ol gl IaEE 8] AFEE iRl wgds AT o %=

FRFE AT 27 WEd Roln,



74 2o #o3= glucose—6—phosphate dehydrogenase? A4S Aoz
W ouAE AEzese ANEES 1Y ¢ un mud bk QP gels
2 #]8] B-F EtOHol 5o 7] wiEel w=z H7lskA] el drk= o] 3l
t}.

Table 9. The concentration of ethanol in the wine sludge medium by

refrectometer.
Composition (V/V%)
Ethanol
YG medium’ 0
YGE medium’ 1
MWS medium 11.5

* © Not analyzed

YG WiA &= EtOHS AME-3HA @il YGE A& EtOHS & #99 1% 7}
at7] W&ol w2 =AsekA gtk MWS w99 EtOH 3#e 11.5%%
ot E A E & A9 A AFEJ] e g1 v e 4=
T AT BE el EtOHS] ko] mjokd) e vy ol xFE e 9l
om 931y Ao WalE ] wiEel 12 delHE nigoz MWS wWixE
ol AL A A Abgslok & R1A] s or g Zlojr),

g oA AR AE bsEe el
2 S SeE gel SeAE Aol AEEes 4
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¥ AT dolE ol EFHUA AR HE 20% - 40% - 60% - 80% =
2 o1& AE At MY S w 80%=E A A= AEE A9
kol Wl A 40%8 60%E VnEAS W 60% 3)AEEelA 40%e]
vlaste] o A& AEZ oA Y] FIEITh o= ofel &lA] <te XF
o] gl olehge FE7F Fob mAES] LS WHPy] WiEd otk £
o At HAGHS 27 A8 20%HE 50%7H4 10%4 AuAE v
At A7 o3 2ol BCE 8% 4 Atk (Figure 9).

Figure 9. Cellulose produced from MWS medium and YG medium.

tee 538 BCY AxFHS tehd 19 Zo|thFigure 10).

14 ¢
12

BC dry weight (g/L)
o o o o
ra B @D @ -

o

MWS 20% MWS 30% MWS 40% MWS 50% YG

Figure 10. Comparing the amount of cellulose produced from MWS

medium and YG medium.
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YG medium, YGE medium Z8]3 MWS 50%°A AAE = AEZ @ A9

Fe AP ([Figure 11).

1.2

—— Y G medium
—— YGE medium
—=— MWS medium

BC dry weight (g/L)
o o
o )

e
~

0.2 r

0 2 4 6 8 10 12 14 16
Culture time(Day)

Figure 11. Effect of media on the production of BC.

VGOl YGE i AE o 79 o] FREE ATR om0 ikl 22t 0.2



rlr
=
o2
>

N
o
S

o

4
wol =7 FhEe el Y3 vhbE 129 o FREE AFRes Y4
s}

P
2
np
o,

>
"
9
=
N
I
=
N
piw
K=
N
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st7] fl1sted SEM¥ XRDE S35ttt WA SEMS Algste] AEE QA9
Az YATE2E gt (Figure 12).

JEJNU, 0 SSEY . B0k 450007 Tim

Figure 12. Scanning electron micrograph of BC, A : MWS 50% medium,
B : YGE medium.
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—MWS cellulose
— YGE cellulose

5 10 15 20 28 30 35 40 45 50
26 (degree)

Figure 13. X—ray diffractogram of BC.

—

dolxl dlolH oA Intensity7} = #boli= WAIFE #Ql 3=7F & 9149
A ghelo] ®917] wEel YGE A9k MWS WA el 44¥ BCx: Btk
g1t

ok
¥

w

At AER e A0 &

3-1. & Y=z A4

AgNO3; F8N3 NaBHy +84& AFEsto] BCele| & YndAE AA Al

Zth olu NaBH, 899 & vH|&& A= U274 & UAE IFLAHAG
(Figure 14).
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Figure 14. Silver nanoparticles impregnated into BC prepared from the
AgNO3:NaBH,; molar ratio of (A) 1:100, (B) 1:50, (C) 1:10, (D) 1:1,
(E) 10:1.

AgNO3:NaBH; ¢ HES H] &S A+ 1:100, Bi= 1:50, C+= 1:10, D= 1:1,
Ex 10:12 v ARt & YedzZrz s 243 mghao] ek o
= SPR(Surface Prasmon Resonance) @7} wiolt}. o] A4S & Uk
Q1A A SPR #@Ao® <13 e A3 2l Aot NaBH, 8¢
EHEo] AgNO3 8949 & vl&d Bldss & Yxygahs BC HE7HA
< HxedAE & e Ads & 7 %Y ol BC Wil EAlske
AgNO3 29 =8} BCoFol EAsk= NaBH, w4+ & Zfolo] 2a A
20 A3 A Aot AgNO; s5E DA €39 NaBH, 557} A2
o2 o™ gFe 4L BCH HFow A&eHA HFS Flolth Wi E
NaBH; ] FX=7F stobd BCH Wi g4do] m=7 v nrow whd vt A
oltF? . ol Al Aol E e, WSl AER A0 QkEnl HE
He AHE Ay Cel Do EE vluslRy C BCHe| dAdoz & vxg

iy
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A7t AR, DE S the A7 A4 BAW BCH P RRE 22 445
5 2

T 50KE. X15.0007 T WO6 Bmm:

AgNO3;:NaBH,
AgNO3:NaBH, 94

= 9AE B2 @

g WSS AE 1, Be 110 otk oddE

1 2 stgl= o BC 2 39 ¥ we & 4
o] el AgE 2 v lAke] A71E vl
el AE ok 712 AAEAT, Be Ag vuge W 929 A7) o
A EEe] A A7) v e ok S odth shARE & vh]iAke] 2717t
AEFE ofFe AgEvhE W2 mdbdo] uehdel st i AgelAs
AgNOzNaBH; # Wl&°] 1:100 °Ifls W & dwgiape] A7 #gARt
Ag=BCe A2 vl of F& Aao] vghrh. o] 22 Al ARE-E BCO A7)
7b A ghobd & YmiAse] w2vh A o R Aol et Zlow
F5Eh

4y M Lo
s
o
o
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Figure 16. Water holding capacity and Water release of pure BC(

and Ag—BC(@, B at 37

C.
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3-3. Ag—BCO 74
A A BA Ao 7 AFETo] Qlo] 2x1AQ Al FES e Aav) 9l
of wFo] oA AT eSS aureus € E. coli & AHE-

sfol Ag-BCe| Fit5eS Brrehgc

3—3—1. Paper disc diffusion method

Ag—BC9 Fts9S glstr] 98] Adx¥ AgNOs;:NaBH, 584 1:100 H
=2 Ag¥ Ag-BCS pure BCE Y2z PSS Asdste] 43Tt
(Figure 17).

Figure 17. Antimicrobial activity of Ag—BC prepared from AgNOs:NaBH;y

molar ratio of 1:100 against (A) S. aureus and (B) E. coli.
=43 A3 Ag—-BCol= S. aureus, E. coli 2.5 clear zone& &9 &

AR, hRTFOE AL pure BCoOlA = clear zoned ¢l & & g9t
Ag—BCY 358 tpexz g2ld 4 9tk (Table 10).
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Table 10. Antimicrobial activity of Ag—BC prepared from AgNOj3;:NaBH,

molar ratio of 1:100 against (A) S. aureus and (B) E. coll

Zone of inhibition (mm)

pure BC Ag—BC
S. aureus
0 2.1
KCCM 11335
E. coli
0 1.6
KCCM 12181

Ag—BC+= E. coliit} S. aureusolX & ¢ =
Atk

rlo

T H

o
fo
g
ik
¥
9,

3—3—2. Colony forming unit count method

Paper disc diffusion method®} W&o & ¢ A&3t sy H7HE $5
o Colony forming unit count method& Adsto] AA| o] HEo] 3+ 5H
S MA 3 YEA T2 58S X3 ek A WS T. Maneerung et al.
(2008)* o] =E& Fusgich. APl A BCx: oldAPF FUdH
AgNOs:NaBH, =89 1:100 Bl&= AH2|g Ag-BCst pure BCE AHE-8F3lH
S. aureus 8} E. coli ©| gt I8 AH}+= tha3 2ok (Table 11).
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Table 11. Colony forming unit counts CFU/mL) at O hr. and 24 hr.

contact time intervals with the Ag—BC prepared from AgNOj3;:NaBH,

molar ratio of 1:100 against S. aureus and E. coll

S. aureus KCCM 11335 E. coli KCCM 12181

pure BC Ag—BC pure BC Ag—BC
CFU/mL

1.5%x10° 1.5x10° 1.5x10° 1.5x10°
at O hr.
CFU/mL .

6.5%10° 7.2%x10° 2.2x10° 1.1x10*
at 24 hr.

Antimicrobial
— 99.952 — 99.927

efficiency (%)

4XZF o]F CFU/mL & AAbelE A3} pure BCE v Eo] ¢ F7}

w2
e Fdshalal, AgNOs:NaBHy 8¢ 1:100 &= A2l¥ Ag-BColA=
Ao AMES T #F BTl 99.9% o149 FtsH e HAFH E coli

oA st S aureus oA Fisgo] F v =9l xpole A 92A

9k Paper disc diffusion method oA 1}& ZA3}e} v
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to

V. 2ok 9 AE

- =

thekst oAl Abgo] Hal 9l BCE 17he] wiAARE O R Qe H2 A
wAloleh TR wel AZEe] wjAE ARESkaL EAlCl s
= AdaEs 95 7 e e A9 AAEH gk wEbd B Aol A
© BCAAS A% diAA R S5 Aoy 23 g4 ogtEs ¥t
Qe gl FelM ARgst #HZIEE FAELR] EUAE olE5
Acetobacter xylinus subsp. sucrofermentans(ATCC 700178) 258 BCA
AHe] HASE S dATE ¥ k. EA(Elemental  analyzer),
Refrectometer, ICP—OESE ©]&3dlo] & Ao AREH sl S2AE +
Aot Ad Z]EmA e} vl zet o] §AAC  38.7%) W F Ul BeEe Aa
AN @ 1.8360%) < =1 5 Qlda, (S @ 2.8156%) % EFE AT
Cel” mutants HAS A A7) BE @49 A&t 11.5% d== 203
At A e o Qe eI Hls2dk A7 S E AT BC AT
2 AREShes &A@ AEaels wEY] fdl AFEHe 'Rl & o
2 wefEo] Zigg gk Wol W 5.02 mg/mL F&nt

of fIARE, B3 = ®Aador Q] BC Aabdo] wa ZloR oA
0.4 g/l 42 BC BAts&ET o 3uj7p Hojd

Arkras g9 & F Stk AEeR] YAV AAYAoR ARRHL HY =

A9l e AZSHE BCE A oAl WA= 387147}

2
(A
N
Lk
N
.k
=
o
el

ﬁl

-~

o

Qb ol Qlejofstal 2241 M-S wrl flal <Al st F
sk = Aol Fastrt wiel B ATelxE e =
BCel & YxfAE FHAA Ag-BCo FidF&3 W=

& Bkl AgNOs $F NaBH, 7895 AF&-3te] BC WlF-ol & Yx=dA=
A AN A, AgNO; 9F NaBH, 8989 & s55 Ao 7N o=
AE 2 Y= 2715 24 & F ATk Ag—BCS} pure BCo & 3

G&S Frst A3 Ag—BCE 99.53%, pure BCE= 99.50% =% "¢ & £1

N EHARTY Al
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