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Abstract

Acetobacter xylinum KJ1 efficiently producing bacterial cellulose(BC) in shaking culture was
isolated from a rotten grape. The strain was used to investigate optimum operating conditions for
increasing BC production and factorial design model was employed for the optimization. The
results of experiments were statistically analyzed by SAS program. Reciprocal effects of each
factors(carbon source concentration, shaking speeds(rpm), oxygen pressure, and CSL concentration)
and culture condition of BC production were examined by getting regression equation of the
dependent variable. Comparisons between experimental results and predicted results about BC
concentration were done in total 24 experiments by combination of each factors using SAS
program, and the correlation coefficients of BC concentration and BC yield were 091 and 0.81,
respectively. The agitated cultures were performed in various operation conditions of factors which
affected considerably to BC production in jar fermentor. The results showed that BC concentration
was 11.67g/L in 80 hours cultivation under the condition of carbon source concentration : shaking
speeds(rpm) : oxygen pressure : CSL concentration = 4% : 460rpm : 0.28 : 6%. On the other hand
BC yield was 0.42g/g in 80 hours cultivation under the condition of carbon source concentration :
shaking speeds(rpm) : oxygen pressure : CSL concentration = 4% : 564rpm : 0.21 : 2%. The BC
production could be enhanced up to more than 65.3% by factorial design. The result of a verifying
experiment under the optimal conditions determined by the factorial design to the BC production
showed that the model was appropriate by obtaining BC concentration of 11.02g/L in the

optimum condition
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xylinum KJ1& AHg38l BC A4Hg 7 HHLHzAE A7l 913 482 st BCA 4kol
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7171 818l factorial design model® = 3dted 2 BC M4 21S A5}
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Al G 7ol W2y & oty

¥ dHol AR = Sonol AAAIGNAM e, FAHI Acetobacter xylinum Kj1o|th, w3 HE
& ¢71 #stel Hestrin & Schramm(HS)™ 2l (glucose 20g, bacto peptone 5g, yeast extract 5g,
Na,HPO, 2.7g, citric acid monohydrate 1.2g, distilled water 1L, pH 5.25) 100ml7} £° %+ 500ml
Feb22ol A aylinum KJ1€ HESHS 3U X el AT BC A4S 3 A4z HSH) =
g 71222 3o], BC £8& £ol7] 93] €4 U< glucoseE fructose9t glucoseS 3:19] ¥l &2 &
g ggo2 dalstAn, F2YU bacto peptone yeast extractE corn steep liquor(CSL;
Sigma, US.A)Z th#l3le] 10L jar fermentor(BioG, Hanil R&D Co. Korea)oll A4tujx] 5L w3
HFAoz2 HAGlH dojzl F5A 1%E HE3I Table 20 Vet ztzte] Ay zHo2 30
TollA 80417 w3t vl Yo pHE 2N NaOH % 2N HCIE o] &3} 5002 ) o]stdct.
Jar fermentor 1] 9] (2 FF H L EYp0O) 9 =%

Jar fermentor2 FFH = 7IAlE air pumpE T3 TFE F719 blenders® £33 I3 H £454 A
7b EdE E71Aolth Air pumpE F3 TFE F71E air filters SFAA $23 Z7FL A A
I 04vvme =2 YAHSA FF3}HIAL, bombolH FFE 4

tas 99%9 &5 A E blender® 53l
air filter& %347 fermentor W2 F YA FUY ETP7NAl9) 2ba 2hte g 2@3)l o3t
A AkE] Aot

pe2l- 1" +c0 1) 1
'_(TT)—
p : operating pressure(atm) I : air flow rate( ¢ /min)

¢C : concentration of oxygen(% v/v) supplied by oxygen bomb
r, : oxygen flow rate(.# /min)
7HF 5% ¥ BC I
Jar fermentoroll A sjefAlA A& BCE homogenizer(HMZ-20ND, Matsushita co., Japan)Z 2+
3 EHAA Aol wEstE 4 S FAF FH 9 BC FFol ALEACt FAFTS &) 98
w2std &4l 0.1%(w/v)2l cellulase(Trichoderma ressei, Sigma, US.A)E #H7t¥ ¥ 50°Col A 2412
WEAA BCE 2ol & F 660nmollA 2R IFEAES AR O.D.(Optical density)® %33ttt BC
AEFE 9o wH3d &4 100mE FHsl 10000xg 1827 dAdwe & 459 valn pelliclett
3 0IN NaOH &Hol ¥3 80TA 20~3083+ wwrsled, o] g AL filter paper(Whatman,
England)oll o #4121 & 80°C dry ovenoll Al 8AIZF 7 z=A17 diAAlo|Elol A Wy, deko] YL
AzFFE 533 BCHLF S SH3AG
Residual reducing sugar 7 ghicose 3 3
slefel ol zESIE total sugar B glucoseFE £E A FE7] ¢ste] wiFNe 045um syringe
filter(Whatman, England)2 o« #A17 #Aet 482 e28 AAAZACD. Glucoses =& enzymatic
method(Glucose-E Kit, Young Dong, Korea)oll o3l 2% #3}%131, total sugar¥ = DNS method®& A}
&3 glucoses =2 $Hitdted ZAH3{AT. Al xylinum KJ1€ jar fermentorol A 80417t S¢9b wjotd
w o] YAl BC A4tel #¥F AL Fig. 10 Uetdct
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B A3le 7t factor$el FAFOE ©4¢Y FE 2%, LHHE 500rpm, 44 ¥} 0.25atm, A
(CSL)E &= 4%7F AHgEglch ol & vl& o2 Table 29+ 2] Ztzel A& dat(factor) & £ AL, °l 5
AglelztSe| zatol o3l Table 37 Zo] 24¥e] AFS FaPstAct. zzhe] AYlz Wste] e
BC Al4bAle] mreitwo] Mo g LERS 70 @ oats|o] ofefe} 22 23 o2& AHE3ATHA).

| : Response variable p, : Intercept

Bp : Regression coefficients .\ .\ : Independent variables

A% A7 = SAS(Statistical analysis system)& o] &3t FAIH 02 EA3te FEHAF(FLY FE,
TRHE S, A4 B 123 AAY FE)0l B FAYHA LS dso2A Ztzte B xH Sl AP
4593 2 HF BC 4E AT wIFze TIHAS

&

2 Ado| o83 FAFAIAYL Table 10] B uie} o] ZF3td &2 A&EAH. BC A

Avs E3 AL Sila wgEALHA AF 2 D AFES AFGAG. BCHLF B FE

of T3 AWAIFRY S ZH 091 R 081 olA:, BF FofA Z2F, AYAS ¢ BAEY

A Ax nE 4PAF o SPEFY ©d4aY T

BC A4ty 9 F8o a) HAHsA HAEHIT ASFS &
o] S AHRgtEd, #4d % CSL &

% ek
A% 329 wgEHo2 BANY ZAHE Fig 204 BoAFa gl

AA 24709 AFAHDANM Zzbel factore] ZFol o] BC A4do] B A3 9 o)F3S Table
20 bW Rlch 4 ¥ 23 factorial designoll 2)aiA] Aoizl ol &3 25 Run No. 22¢] 4 10.79g/L%
10.71g/L2 Hol BC 44 &L HogFAch olue] BC A4 93 =E 4% @29, uEs
500rpm, A4 &<k 0.28atm, CSL 5 6%°] Mt

A. xylinum KJ1& o] 83 BC Aol 744 & 9%e F& U 714 factoro] 3l SAS 2232
ol g8l HAHL dZT AYE Table 3o et FHA BC A4be A 2 factors e &4
A w5 4%, WSS 460rpm, AFAE S 0.28atm, CSL 55 6%°lA 11.67g/LS) BC A4te] 7hs
Aoz dEsdt. FeAcdAN HH ugze] Yad FE 4% IUEHE S64rpm, AEESt
0.2latm, CSL ¥ % 2%%¥ u HZo & 042g/g8 4T + UL HoZ dFHAYG. 2HA HH =
AolMeol 4% A% A3 11.02g/Le] BC 43¢ 25 & AU2n, ol 71&2] AP vl 653%
el Aztoltt ol4te] AFelAM HZH BC AAE AT wi ol AAEHAL, HHsle #L

=
dage 4dHon BCE AMLA ¥ W F83 82 + AL Aolth

8 o
Factorial design modele ©] &3t A. xylimon KJj12] BCAH4HS 913 A widx=ze ZAAsdA
MSEW AL 93 4Y Adyore FAYHY AYYE ol&dyen, Fo YA BA

5, WS R (rpm), A44%eh, CSLY FEQ Wl 7HA factore] el o g BCAAMZ ] wiEtE
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SAS x221%W & o] g3t Mal 24709 AGA ol z}2ho| factore| Z§tol 9|3 BC A4bAjol ¥
T Az @ dESge vwd d3 BC 44F deldE 4uAFRY)E 09122 oA, F
A#A RS 0810tk HH BC A4S 93 Z factor$ol BAagle] ¥ % 4%, mukds
289 028atm, CSL ¥ = 6% wl, oluje] BC A4 11.67g/Li2 ol F =g 12lx BC 44t

Holl Al A wifzzlo] @4 TE 4%, IVEE 564rpm 4h4 #3t 0.21atm, CSL 55 2%¥
W HHo| F& 04244g/gE US F AL A2 A= AR AAH z2do o7 ’é%—él"ﬁ 4
I BC AAEL 71€ 2ol vl 65%°]’b’ FEE A48 A& F UAdh
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Table 1. Standardization in three levels of

s Js 15 10
factors in various culture conditions. 2 + . ;
E» \ = 12 -8
Factors oYM Culture Standardized 8 = 7 )@4 3
-bols  conditions levels 8. & SO -
o ] s = S
Carbon x5 = = / b3 E
cone. togy X 16 20 40 -1 -0583 41 2o a7 te 214 g
Shaking ’ S c L g
speed(rpm) Xz 390 500 600 -1 +04 +1 551 . W L E L5
- [
O: pressure i, 021 025 028 -1 +0428 +1 T phaRe i Ly L
= atm 0 20 0 60 80
CsLgone: %, 20 40 60 -1 0 I Tire ()
Table 3. Predicted optimum conditions by Figure 1. The changes of parameters related

lactoril desigr, in BC production by A. xylinum KJ1 in

. BC concentration BC yield agitated culture. The cultivation conditions
Factors

(g/L) (g/g) — i 9
e = was carbon source concentration of 2%,

X1 4.0 4.0 )
X2 460 564 shaking speeds of 500rpm, oxygen pressure
X3 0.28 0.21 of 0.25atm and CSL concentration of 4%.
X4 60 2.0 Symbols:  BC  concentration({>), ODex(A),
Pr\e‘?[':li‘t'd 11.672 0.4244 glucose conc.([ ), total sugar conc.(@), DO(V)
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Table 2. Experimental results under various culture conditions.

Experimental conditions Experimental results Predicted results
Run B, _ BC conc. BC yvield BC conc. BC yield
X X Xz X4

(g/L) (g/g) (g/L) (g/g)
1 <] = =1 ~1 1.57 0.09 2.05 0.13
2 = =] +0.428 0 3.43 0.21 2.34 0.15
3 =] +0.4 =] +1 2.83 0.18 4.05 0.22
4 =] +0.4 +0.428 0 4.33 0.27 5.14 0.27
D = +0.4 +1 +1 6.01 0.37 5.36 0.33
6 -1 +1 -1 0 4.11 0.25 3.65 0.23
i = ], +0.428 +1 2.17 0.13 2.66 0.18
8 -1 +1 +1 0 2071 0.17 1.98 0.16
9 -0.833 =1 -1 +] 1.85 0.09 125 0.07
10 -0.833 =1 +1 0 1.73 0.08 2.29 0.12
11 -0.833 +0.4 =] 0 5.44 0.27 513 0.24
12 -0.833 +0.4 +0.428 0 4.83 0.24 515 0.23
13 -0.833 +0.4 +1 0 3.534 0.17 447 0.21
14 -0.833 +1 =1 0 4.03 0.20 3.64 0.19
15 -0.833 +1 +0.428 0 3.405 017 2.96 0.15
16 -0.833 il +1 =] 3.23 0.16 3.19 0.15
17 +1 ~] = 0 2.67 0.06 3.14 0.07
18 +1 = +0.428 -1 3.20 0.08 2.76 0.04
19 +1 = +1 +1 9.16 0.22 9.79 0.25
20 +1 +0.4 =1 + 9.19 0.23 3.86 0.22
21 #1 +0.4 +0.428 0 9.96 0.24 813 0.23
22 +1 +0.4 +1 +1 10.74 0.27 10.71 0.27
23 +1 +1 +0.428 0 3.83 0.09 6.03 0.16
24 +1 +1 1 +1 8.30 0.20 771 0.15

BC conc. (g/L)
BC conc. (/L)

0.
2 Press ure

Figure 2. 3-D response surface in second scanning to the BC concentration according to the
variation of carbon source concentration and CSL concentration(a) and shaking speed and
oxygen pressure(b). The valves of X; and X3 were fixed as -0.18 and 1.00 (a) and X, and Xj
were fixed as 1.00 and 1.00 (b), respectively, as shown in Table 5.

— 135 —



