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Abstract In this study, culture conditions were optimized to confirm the feasibility
of Acetobacter pasteurianus as a starter for fermentation vinegar. Acetobacter
pasteurianus strain can be used as a food ingredient. The optimal temperature and
pH conditions of the selected Acetobacter pasteurianus SRCM101388 were 28C and
pH 6.00, respectively. The response surface methodology (RSM) was used to
optimize the composition of the medium, and Plackett-Burman design (PBD) was
used to obtain the effective selection of culture medium, resulting in that glucose,
sucrose, and yeast extract had the highest effect on increasing biomass. The optimal
concentration, which was performed by central composite design (CCD), were
determined to be 10.73 g/L of glucose, 3.98 g/L of sucrose, and 18.73 g/L of yeast
extract, respectively. The optimal concentrations of trace elements for the
production of biomass were found to be 1 g/L of ammonium sulfate, 0.5 g/L of
magnesium sulfate, 2 g/L of sodium phosphate monobasic, 2 g/L of sodium
phosphate dibasic, and the final optimized medium was pH 6.10. When incubated
in a 5 L jar fermenter, the SRCM101388 strain showed a faster-dissolved oxygen
(DO) reduction at a lower agitation rate (rpm), and it was able to grow even at
reduced DO level when aeration was maintained. The amount of final biomass
produced was 2.53+0.12x 10° CFU/mL (9.40+0.02 log CFU/mL) when incubated
for 18 hours at 150 rpm, 0.5 vvm, pH 6.0, and 28C.
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Az HFAE F9 SIUZE AgE = 1 2uj4Fo|y, UF 7|dof mep xAht
a2 A" tgst {4 ofn|ieARS: Shaote] g, AN ke, SR aaket AE
T ARS A £ = 75A8S 7HAAL Utk Budak 5, 2014).
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(Park 5, 2002). ZANFS oehE U 2AF 5Eof st WA
< U= 38 349 3714 viBECld:. Acerobacter 2
Gluconacetobacter 2] 24 alcohol dehydrogenase
9 aldehyde dehydrogenase 45 %3l oeh&S ZALC
2 HEE 4 glon, A0 AAZA Ao AREHTH
(Andrés-Barrao 5, 2012).

Fd7H(starter culture)i= PIFEC] 7L = o
Ab 58 o]&sto] ARAEY HE AXE sl S+
HieFelal FAAIZl H7HE AAolnh. Ha AlF] 437t
AE A& 3¢, YrAES Y s
7FsotHJeongd Lee, 2014). 2 =
oFF A xE F+t HA7HAI(Chae 5, 2021), 94 AXE 9
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7] ol{1, A% 5 Aoy A= Y4 5 54 At
A E3h I8 SRAQ F2E A ol ] the
2g Alof| ARESEAL QtkPark &, 1994). HHE: ARSH Fx2
ol ZANFRET ofUe}, ZF B3 Al 5412 M
Hot. olof] £4 i 3 A% HE o e B
o] Q3 Jgoltk(Back &, 2015).

TR A2E S 494 ARS flsto] SH7HIE A
Z3517] HofAle w2 dAT A 2 7Y S83 84
% stttk wgEo] wet S 54o] 242 2] Wizl
TAFE viR Q] JEa} vijef 24 wet F 9IRS =t
upebA o] HiA] 9 lief 2719 237t HdYE ofok
SItHHa &, 2018). & 34 271 B46l7] Yol A%
A RS HEHE A H(response surface methodology)
o] AH&E ot RFSEHEAHE B o9 AAEY
AeAgo] W ¥ Hely 2 207 ST ¢ e
F3o] AkYang 5, 2010).
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2.1. #F9 22 L W

2 A= A dRuYSAIAZI S LA ALt
St Acetobacter pasteurianus SRCM101388< AR8-51%]
o o B o WiFHE 20% glycerol®t 5% skim
milk(Sigma-Aldrich Co., St. Louis, MO, USA)7} &5
BN ot stockO 2 A Xt -80Co Hotqdtt.
a+F %= stockE 59 1 uLE GY(glucose 5%,
yeast extract 1%) agaro] =olil HojA ©@d S
50 mL GY broth® 233t 250 mlL flaskel] HE% &
shaking incubator(VS-8480SF, Vision Scientific Co.
Ltd., Daejeon, Korea)ol|A 30COoA 24A17F viFsFAITT.
sk viFHS 50 mL GY HiAIE ZEERE 250 mL flask
o 1%E AEsto] 30T 24A17F ¥igstaL, ol AHf
FHO=Z STt

2.2, HAIZI DI HYSF X7 ZAF

Hj QAT W 2ARFY] 8= RAKH] 98 50 mL
GY ¥iAIE E&3t 250 mL flaskol] HuiFY 1%S 53t
3 33A)7F &<t 30T, 150 rpmollA] viFstaL, 3AIZE 7H4
o= HFHS Igote] H(CFU/mD)2 8= (600
nm)E S3otAtt WY HHL2%E+= GY brothol Aajgd
1%5 J33 & w2 23T, 25T, 28T, 30T, 32T,
35T, 37T, 40C& ZAH shaking incubatoro|Al GY
brotholl Mg 1%E HFsto] 21417t vt Fofl At
5 45t vlustith. 24 %7] pHE= 0.1N HCl
0.1M NaOH(Sigma-Aldrich Co., St. Louis, MO, USA)
£ ARgsto] pH 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.002 %4
St GY brothol] A8l 1%5 53t & 28C shaking
incubatorol Al 21A1ZF ¥ & Bot4=E S7oto] Bl wst

ATF.

2.3. Plackett-Burman designE E3t 5% HjA] &2 ZAf

HAAzAY WAE Y] 9 1979 MARE 5
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dAF 7t B3 Y= €S Plackett-Burman
design(PBD)& ©]-&3t9 AE3IAtHZeng 5, 2011). 19
7HA1 Y] B A o]-83 23709 AEE(run)2] ARAEA
9 Aol t=(R1)= Table 19 YEFHoH factor2

AREH glucose, mannitol, glycerol, sucrose, fructose,

soy peptone, yeast extract, malt extract, corn steep
powder, ammonium sulfate, ammonium phosphate,
sodium phosphate monobasic, potassium phosphate
dibasic, sodium citrate, sodium acetate, magnesium

sulfate, calcium chloride, aspartic acid, glutamic

Table 1. Results of media component screening by Plackett-Burman design

Factor Symbol (unit) Coded values

-1 0 +1
Glucose X1 (g/L) 05 2.75 5
Mannitol X2 (g/L)
Glycerol Xs (g/L)
Sucrose X (9/L)
Fructose Xs (g/L)
Soy peptone Xs (g/L) 0.5 2.75 5
Yeast extract X7 (g/L)
Malt extract Xs (/L)
Corn steep powder Xy (g/L)
Ammonium sulfate X0 (g/L) 0.05 0.275 05
Ammonium phosphate Xn (g/L)
Sodium phosphate monobasic Xi2 (g/L)
Potassium phosphate dibasic Xis (g/L)
Sodium citrate Xia (g/L)
Sodium acetate Xis (g/L)
Magnesium sulfate X6 (g/L) 0.005 0.0275 0.05
Calcium chloride Xi7 (g/L)
Aspartic acid Xig (g/L)
Glutamic acid Xig (g/L)
Run X X X X X X X X X Xoo X Xz Xiz X Xis  Xie X Xie X R1”
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7.6975
2 -1 +1 -1 +1 -1 -1 -1 -1 +1 -1 -1 +1 +1 +1 +1 +1 -1 +1 +1 6.0020
3 +1 -1 +1 -1 +1 -1 -1 -1 -1 +1 +1 +1 -1 -1 +1 +1 -1 +1 +1 6.6988
4 +1 +1 -1 +1 -1 +1 -1 -1 -1 +1 +1 -1 +1 -1 -1 -1 +1 +1 +1 8.3802
5 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 -1 +1 +1 +1 -1 +1 +1 -1 6.2211
6 -1 +1 +1 +1 +1 -1 +1 -1 +1 +1 -1 -1 -1 -1 +1 -1 +1 +1 -1 7.8328
7 -1 +1 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 -1 -1 -1 +1 -1 +1 +1 7.3010
8 +1 +1 -1 -1 +1 +1 +1 +1 -1 -1 -1 +1 +1 -1 +1 -1 -1 +1 -1 8.8242
9 +1 +1 -1 -1 -1 +1 +1 -1 +1 +1 -1 +1 -1 +1 -1 +1 +1 +1 -1 7.2413
10 + -1 -1 +1 +1 -1 -1 +1 +1 -1 +1 +1 -1 -1 -1 +1 +1 -1 -1 8.6444
134 https://doi.org/10.11002/kifp.2023.30.1.132
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(continued)

Rin X1 X X X X X X Xo X Xo Xu X Xs Xu Xis X Xz Xe Xwe R1”

1m0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7.6389
12 -1 +1 -1 -1 -1 -1 +1 +1 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 +1 6.9542
13 -1 -1 +1 +1 +1 +1 -1 +1 -1 -1 -1 +1 -1 +1 -1 -1 +1 +1 +1 7.5613
14 -1 -1 -1 -1 +1 +1 -1 +1 +1 +1 -1 -1 +1 -1 +1 +1 +1 -1 +1 7.3979
15 -1 +1 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 +1 +1 -1 -1 -1 -1 -1 7.3222
16 +1 +1 +1 +1 -1 +1 -1 +1 -1 +1 -1 -1 -1 +1 +1 +1 -1 -1 -1 7.8573
17 -1 -1 +1 +1 -1 +1 +1 -1 -1 -1 +1 +1 +1 -1 +1 +1 +1 -1 -1 7.5051
18 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 -1 +1 +1 -1 -1 -1 -1 -1 +1 8.6902
19 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 6.7781
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7.7071
21 +1 -1 -1 +1 +1 +1 +1 -1 +1 -1 +1 -1 -1 +1 +1 -1 -1 -1 +1 7.6857
22+ +1 +1 -1 +1 -1 +1 -1 -1 -1 -1 -1 +1 +1 -1 +1 +1 -1 +1 7.6721
23 -1 -1 -1 +1 +1 -1 +1 +1 -1 +1 +1 -1 +1 +1 -1 +1 -1 +1 -1 7.7558

YR1 viable cell count of A pasteurianus SRCM101388.

acid¥ Sigma Aldrich Co., St. Louis, MO, USA9] A&
< AHESElTh 429 SYRgo] JEES S4%H0), A
SE(-1), TEE(HDE Yerflon eady) AU F
AZk AL Sari 5(2021) Dayal 5(2013)2 #1135}
gAY 2.75 g/L, 2.75 g/L& AAsIit). 718 1]
FHALE Yin 5(2017), Menzel¥t Gottschalk(1985)%
el 0.275, 0,02758 A5t

249

2.4. F4/8t87/2/E/(central composite design, CCD)E &
st HjX| & FHEs}

PBD SAEA Aol Wt Acetobacter pasteurianus
SRCM1013889] At<roll 7F 2 F&= Al 8% 352
AEsioinh AdE R s FASE 6l S AE
H(central composite design, CCD)& E3F AFHAE A
Fooltt. SAA 37hE =8 17719 Ao gk ZH9
EYHSE 719 5(-3, -1, 0, +1, +3)2& HAsI5irt
(Table 2). Acetobacter pasteurianus SRCM1013889] +
AF S7H At 3719 SR S5z diste] 29

B4e et PHAL et gk

Y= ﬂo + Zﬁin, + ZﬂiiX;"' Zﬁij)(i)(j

https://www.ekosfop.or.kr

= SE5HS, X SHUTE, Boes B5ASE B Bi
E9HSEY 4589 ASE YEhdti(Yang 5,
2016). Design expert 11(Version 11.1.2.0, Stat-Fase
inc, Minneapolis, USA)S o]&3to] R4S d&5}%
3, SAEA A vigto g AR /12 95t AR 3%
o] FAs=E 245, #AREAS 5 3414 79
4= gelstqin
2.5, J[E} O/SFAA0f M2 FF ZAf

716t vl e SAaYy oo Bs) Aol & 9
FE PAR AR ARH O] tieF vioke] - vl A
7k 7t ik QS 918 Aot Sunda &, 2005).
PBD Z3¥ ammonium sulfate, sodium phosphate,
magnesium sulfatex Jd+5 S7H7I= AFE ERC
H, o]&2 A9 5YHsR ol CCDE &% A¥sk
9] vjR]of| 2712 H7sle] ZAFSIATE Magnesium sulfate
+ 0-1,500 mg/L7H] 242t F=HER H7Isto] HiAE A=
SHL 15-18AKE 591 HISAE LR} 18AIKE vl $-9] A+t
& %519}t Ammonium sulfate, sodium phosphate
+ 0-8 g/L7HA 247t T2 H7hsto] HiAE Al xs}a,
12-20A17F 5919 HISAI& L9} 20417 vl S0 A+t

135
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Table 2. Range of coded variables at different levels and results for biomass production by central composite design

Factor Symbol (unit) Coded values
-3 -1 0 +1 +3
Glucose Xi (g/L) 0 10 15 20 30
Sucrose X2 (g/L) 0 10 15 20 30
Yeast extract Xs (g/L) 10 20 25 30 40
Run X1 X2 X3 R1"
1 +1 +1 -1 4.20e+08
2 0 0 +3 1.11e+09
3 0 0 -1 2.10e+08
4 -1 -1 +1 6.75e+08
5 +1 +1 +1 1.41e+09
6 -1 -1 -1 1.00e+09
7 0 +3 0 7.30e+08
8 +1 -1 -1 5.35e+08
9 0 0 0 7.85e+08
10 +1 -1 +1 7.10e+08
1 -1 +1 -1 3.60e+08
12 0 0 0 7.50e+08
13 +3 0 0 5.65e+08
14 -1 +1 +1 7.85e+08
15 0 -3 0 7.85e+08
16 0 0 0 7.75e+08
17 -3 0 0 3.70e+08

X A BE@E/D, f= AR, T 4k NFAEE
(h)elet.

2.6. Jar fermenterOfA] ZX HjFEZ =t/

Lab scale®] flaskolA] Hoj7 & vjR|2AdS vlgoz

136

scale-up®l W2+ WY HA 24 o] Yol 5L
jar fermenter©] & ¥iZ]ZA(glucose 11 g/L, sucrose
4 g/L, yeast extract 19 g/L, ammonium sulfate 1 g/L,
magnesium sulfate 0.5 g/L, sodium phosphate
monobasic 2 g/L, sodium phosphate dibasic 2 g/L)2
% 3.5 L& AZsto] H7iskleh. 4F A oo
8] ZIAZ] T A gAS 1% FE55HTh Mesa &
(1996)& #aste] 5712 0.5 vvmOE IAFAL, &
Ee 28CE FARIAH. Wi F pHe 2M NaOHE 7}
Sto] 6.008 YASHA Ao WREEES 742t 150,
250, 350 rpmO.& 3} uijeF & DO(desolved oxygen)dt
B g, Apsel WoE ARed

710 ES
TS &0
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3. Zat 9 JpE

3.1. WAz MHE HYSFEZ

Acetobacter pasteurianus SRCM101388 w5=2] %
Azl e Bt S8Ee EAZT = fARE JEHS
Bt Lag phasex 0-12A17F0.2 YEFECH stationary
phase= 12-21AJ710]it. SRCM1013882 214|714 ]
o A4e BoH, ojufo] A= 2.55x10° CFU/mL,
3EE 0.20450100. wekA Atart 3l 380 7t
A 7R 21A7E B FAIte® A5k THFig.
1(4)). M2 viA 9] AbA G E Ao WhE<& o]
FEF= 1, ol I #E wid=re] HH3E SYo}
ATt vjFAIT o mHE SRCM1013882] & &k+= 28T}
30CANA Batee 22 1.94x10° CFU/mLe} 1.62x10°
CFU/mLZ Uebgt. 24hte] 442> 28-30CE 7€

Q)

8.5 0.35

8

N
o

~

Vible cell count (log CFU/mL)
o
o o

o
o

o
e
o
o

P
o
o

o

3 6 9 12 15 18 21 24 27 30 33
Incubation period (h)

©

85

Viable cell count (log (CFU/mL)

4 4.5 5 5.5 6 6.5 7
pH

292 2 HOE 52 2504 § 4 YedthFig.
1(B)). SRCM1013889] 27| pHll w& A+ pH 6.0
ol 7HE =A Yetstem, §3| stationary phase®] 57t
A9l BiF 18417 olIA & AJolE H AL 21A7F o] % pH
48} 79X % A7t AA SR AZ ERIg & lSid
(Fig. 1(C)). Bang 5(2022)9] A7tol| W2 Acetobacter
pasteurianus®] & &= 30T, pHE 6.0904 7 &
< S Yeigled, ol & a0 AR&E SRCM1388
o] A wiF =AY FARE ATE EYHh
3.2. Plackett-Burman design &HE EzF XX &
Plackett-Burman design®l 2Jgt AT A = Z
SR 7 Y7L AT njAls 9% 5T
o s, AlZk HEHo|A G&F ol W A
Ao|ti(Yang 5 2016). Table 19] ZAujgtoz®

ol %0 m> ox
O

Borroa

> 4 o

(R

"

i
N
N

d
]
19

(B)

85

75

Vible cell count (log CFU/mL)

22 24 26 28 30 32 34 36 38 40

Temperature (°C)

Fig. 1. Growth curve and optimal cultivation conditions of SRCM1388. (A), growth curve of viable cell count and absorbance (@,
viable cell count; O, ODeoo nm); (B), temperature; (C), pH (@, 21 h; O, 18 h), values are meantSD (n=3).
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F7F A 70 vAe 9F= 24T plot Fig.

20] yetfiglon, ZAatgh(R1)0l et factorg?] 9F U
o] A o] et B4 B4 A= Table 39 Ueh
Ak A9l glucose, mannitol, sucrose, fructose:=
ABALE Z771= AFS Hgow, 1% glucose?t
sucrosew ¥ oA A#drE S7HIF
soy peptone, yeast extract®t malt extracto|A] drE
Z7M71E AFE HA oM yeast extract/} 7 2 £F
M BetrE S7HIFE. At

B Zle vl

o] O
Hade

LT
3.3 SNENNYHS S5 YA ST H

PBDE &3l A3t glucose, sucrose, yeast extract2]
HASEE A Ao SHFEALE S ol-&sto] 571
9] oA 7Y FAES T 17719 Aol gt
BAREA AFk= Table 4] YERHITE Design expert

11 program¥ °©|-&%t SATG42 =3 2o

ammonium sulfate, sodium phosphate, potassium Rl = 5688834969.8142 - 175185816.03582 x
phosphate magnesulm su fate7]— AH—T]L}\E 27]-/\]7] G/UCOSE’ - 28956402116402 X Sucrose —
AL HPOoY Hrlgo] w2 & xjolE el A 99k 146848368.6067 X Yeast extract + 5922500
t}, B dIojAs EAEA ATE HlEo g =0 S2ojA X Glucose X Sucrose + 5322500 X Glucose
A5 771 glucose, sucrose, yeast extracts Al X Yeast extract + 8172500 X Sucrose %
e T e e T T e e e
A Glucose (g/L) B: Manitol (g/L) C Glycerol (g/L) D: sucrose (g/L) E fructose (g/L)
R S | N R e e | -
[ [ [ 4]
T fetone oy " ey " Nstenma @) "% Comswepponderil) X Sodium phosphate monobssic (/1)
" L ammonium phosphate (g/) “M: Potassum phosphate dbssic (/L O R Cakcam cnionde @) o Ammontum suttate (g/1) O Magnesium sutfate (g/1)
° QSodmmcurale.q;]L&) ! oo RSO;uOmS)(\‘:JKOQYG/: o v SASD:K)(U;('IGUQ/IIM ot e UT (;‘l;:umcx-d Q/L o
Fig. 2. Main effect plot of media components on biomass production.
138 https://doi.org/10.11002/kjfp.2023.30.1.132
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Table 3. ANOVA (analysis of variance) for coefficient of PBD

Variable Effect Coefficient Sum of squares F-value p-value
Model - - 1.1 23.82 0.0118
Glucose 1.1010 0.5505 1.56162 61.74 0.0043
Manitol 0.6509 0.3255 0.5297 21.58 0.0188
Glycerol -0.2004 -0.1002 0.0502 2.05 0.2480
Sucrose 1.1007 0.5504 1.56145 61.71 0.0043
Fructose 0.8929 0.4465 0.9967 40.61 0.0078
Soy peptone 0.7653 0.3827 0.7321 29.83 0.0121

Yeast extract 0.9197 0.4599 1.0574 49.09 0.0072
Malt extract 0.8178 0.4089 0.8360 34.06 0.0100
Corn steep powder -0.3297 -0.1649 0.1359 5.54 0.1000
Ammonium sulfate 0.3871 0.1936 0.1873 7.63 0.0700
Ammonium phosphate -0.2777 -0.1389 0.0964 3.93 0.1418
Sodium phosphate monobasic 0.1123 0.0562 0.0158 0.6434 0.4811

Potassium phosphate dibasic 0.2431 0.1216 0.0739 0.0739 0.1811

Sodium citrate -1.1559 -0.5780 1.6702 68.05 0.0037
Sodium acetate -0.8734 -0.4367 0.9537 38.86 0.0083
Magnesium sulfate 0.0990 0.0495 0.0123 0.4992 0.5308
Calcium chloride -0.4348 -0.2174 0.2363 0.2363 0.0532
Aspartic acid -0.5376 -2.69 0.3614 14.72 0.0312
Glutamic acid -0.3278 -1.64 0.1343 5.47 0.1013

Yeast extract — 1380088.1834215 x Glucosé®
- 91199.294532625 X Sucrose*
- 524532.62786596 x Yeast extract

gRggkel ek BARRAE AR da, AR
square)@to] 0.9823°0= 19 77k 3 YERAIL &
99| p-value’} 0.00012 0.055th e Zhe Lpehijo]
=0 094/(3 ol /\1’61_0,] x%*&l—E_E_ _oj,o 18 93\1:} Lack of fite
139 AL E HAch= BATLE A HAES Al
lack of fit¥ p-value® &<IstHtt. 1 23} 0.0664%2
AeAS Tosls 7132791 0.052.th =0} lack of fit9]
237t JARPS A5 AderE gelskoitt. E3h 3
7HA] H@"l—r % =38 stUE AA0 1A T YA
27119] 5 o]&sto] 32k FE|E W AE-S SISt 4
I Fig. 39 YERAIH. 37HA] W4 5% Hd7Fgo] S71

https://www.ekosfop.or.kr

DrE Bty B3 SISO, S v F 7P W2
LR 2 Adrds 7He A E A9stal
ot 1 A3, glucose 10.73 g/L, sucrose 3.98 g/L, yeast
extract 18.73 g/LZ UERFCH, o|te] Acetobacter
pasteurianus SRCM1013889] *”-_rf- = 1.49+0.197 x
10° CFU/mLZ &=t

Acetobacter pasteurianus SRCM1013889] B+
A5317] flote] A& viAEEE ol&sto] 2141 3 A

#E S0t 342, e 1.5540.150% 10
CFU/mLE uYehgon], Aymdo] os) o&d
(1.49£0.197x10%)2] 221 ol A5t & Ft
1 AEgol AFEE 4 3= gRlskltt. Zhang 5
(2016)° W29 Acetobacter xylinunr= glucose 20g/L
o] FERE FFERLe] AA FAAsteH, daYgo
= peptones AR&SIE 7% 20 g/LoA 7MY =2 &%
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Table 4. ANOVA (analysis of variance) for central composite design

Source Sum of squares Degree of freedom Mean square F-value p-value
Model 1.37e+18 9 1.52e+17 43.16 0.0001
X 1.83e+16 1 1.83e+16 5.19 0.0568
X2 4.70e+14 1 4.70et+14 0.1329 0.7262
Xs 5.60e+17 1 5.60e+17 158.50 0.0001
XiXo 1.75e+17 1 1.75e+17 49.65 0.0002
XiXa 1.42e+17 1 1.42e+17 40.10 0.0004
XoXa 3.34e+17 1 3.34e+17 94.53 0.0001
Xi2 1.31e+17 1 1.31e+17 36.98 0.0005
Xa2 5.70e+14 1 5.70e+14 0.1615 0.6998
X32 1.89e+16 1 1.8%e+16 5.34 0.0541
Residual 2.47e+16 7 3.53et15
Lack of fit 2.41e+16 5 4.82e+15 14.82 0.0644
Pure error 6.50e+14 2 3.25et+14
Cor total 1.40e+18 16
Standard deviation 5.944e+07 R-squred 0.9823
Mean 7.044e+08 Adjusted R-squre 0.9595
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Fig. 3. Three-dimensional response surface plot of R1 (viable cell count, CFU/mL). (A), R1 by glucose and yeast extract; (B), R1
by glucose and sucrose; (C), R1 by surcose and yeast extract.
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Jooll Aslg & 5 A ujgith 2 A9 CCD AAl &= At vISASE v 32 st 2%t
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A s=E RAFSH] B 716E3IE. Ammonium sulfate
£ 1 g/LE WIS S, Al Vs et 5

7V AE BT, 2 g/L % olFole B4t Aa
ot A Eoﬂ‘:}. HISAEEE 0-4 g/ 557t =
Ao 1 g/L SEANA Y HISAEE Ah
= Ha “]“]3}5&—9“4, 2] S7F 7P & F=el 1
g/lE HHsLE WottHFig. 4(A)). Magnesium
sulfate®] 7%, 500 mg/Lo] FE=7HA] BISAELETT S7F
St 11 o] FrolAs vt SRl wet HiF
A&7} Aot A3 EAirh ojd o i HISA
£Lot 2 A Hlon, 800 mg/L oY skolAl
= A Aol As] ARkt wetbA] HlS4] Lot
Ad57F 7 =2 500 meg/L7t FA skl wostct
(Fig. 4(B)). Sodium phosphate monobasice 0-2 g/L
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27] W29 HZ pH &3} buffer? 71%5g 15t
sodium phosphate dibasic? =& ZAlSFHtHFig.
4(D)). 0-2 g/L s=/A= BSA&EEe A7t BF 5
7Ftaion, 4 g/L o9 skolA= F45H FAast
o}, wWekA sodium phosphate monobasic 2 g/LS T
St i x]o] £7}& sodium phosphate dibasicg 2 g/LE&
7okt Adebayo-Tayo 5(2017)2 Acetobacter sp.
£ 0|83t 88242 biocellulose(BC) A4FHE A3l sodium
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o™, Gomes(2013)= ammonium sulfate2}

9.4 1 0.09
592 1 008
E =
5 {007 &
[T 9 et
o 2
g 1 006 2
88 s
3 {005 2
9 o
286 o
3 { 0.04 §
0 84 o
€ {003 @
s
8.2 1 0.02
8 0.01
500 800 1000 1500
MgSO, (mg/L)
9.4 0.16
0.14
92
-
E 012 —~
2 =
0 £
o o
= 101 €
o
= -
g 8.8 { 0.08 %
2
8 °
= { 0.06
836 S
o 2
2 {0040
> 84
- 1 0.02
8.2 0
0g/L 1g/L 2gIL AgiL gL
Na,HPO, (g/L)

Fig. 4. Effects of ammonium sulfate, magnesium sulfate, sodium phosphate concentration on biomass. (A), ammonium sulfate; (B),
magnesium sulfate; (C), sodium phosphate monobasic; (D), sodium phosphate dibasic. O, specific growth rate; B, viable cell count.
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potassium phosphate monobasicE 22t 1 g/L H7I5
AL U Gluconacetobacter sacchari®] BC Aol 2
v} S716llal, A4 9 QE 7 35T A5 Alx/dol
BC AAtET o ASEirtal HstSith o= & A3
4 g/L sodium phosphate®} 1g/L ammonium sulfate®]
7P B S7F UERd AT fAREI

3.5, Jar fermenter0fAl biomass A/&ZZXZ

AN A B OR sl 9Regd Rigtsitt
(Azuma &, 2009). 53] AH47t BESH 240 2= 77t
St of2fRt RASAM= AR A4 R Aol A
(Hromatka 5, 1962). @&t 571490 ZAS FAA17]7]
91t A%AQl Aoj7F BRSIHDrysdale 5, 1989). Hi%¥
T 2713 20 7P di AR R [fAA7)7] gt

Aol% WIS E(pm), 5713, Fezo] 9o, oleid

Viable cell count (log CFU/mL)

A2 IS] gstol AAsE WA 3.5 12 T

Y
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rpme S7HAZ4E DOgLol S7Fst3 o, rpmo] =2
4% lag phaseZt 6A17H150 rpm)ollA 10A17H350 rpm)
7| F7F5kS1AL, stationary phase©l|419] 42t &3
T3k 3 A YERtth 150 rpmollAl 271 DO%S] 4
7F 7V #3121, 350 rpmolAl= 4417 o] e DOLo]
Aot o 1047 o]F HA| F7lote] fAE= A=
Htk ol 150 rpmoflA 24+ Ag7o] 71K S5
Yol Ao & HolH, rpmO| F71E o] AsfE
= Ao gkt Fig. 5(A)9] ZIo M= 22> 43RS
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Fig. 5. Variation according to rpm during incubation with optimized medium in 5 L fermenter. (A), viable cell count; (B), ODsso nm;

(C), DO: @, 150 rpm; A, 250 rpm; M, 350 rpm.
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A © A debgth 1502 250 rpm R0 A= w841
ZFF 1241%F ©]F DOgol 5 olste] gt Holort 242t
16A17F} 18A17F o] % TA] F7FskRLaL, ofof whe} a4
37t T YEhA] 9ottt &, DO#HS] Ade A1 A%
< oustH, wEkA o] Fastd DO#el 7ttt
(Mathiazhakan &, 2016). & o4 SRCM101388+=
rpm 57 ASE W= A2 E YEow, DO%Lol 5%
ojsl® FAIH AF &, ¥ T E= oAt 5717t
FAE= ADolMe A 7T AoE woH
FEAH0Z 5 L jar fermenter©lA] 150 rpm, 0.5 vvm,
pH 6.0, 28C 2704 18AI7t viF3S o, 7P =2 A
T4%2.5340.12x10° CFU/mL)E HYERoH, ol &
A3} o][ Q] 21417k viFE GY vix|e] H]sf 5HH o} do| Atk
(Fig. 6). 18417k o]F DO#E] 7= LY 114o] fE 5]
Holr A&H W2 DO E3F 3ol = Ao=Z Hlrt
o] o3t Mg Fadtetal DO 5717171 $gt
HHOo 2 7|2 E7|wHHy W8 R(stirred tank fermenter)
oA F715AE 9 X(air lift fermenter) AME0] 11 HE
= Aok 571w daxs 5719 s Rk 7| AH
wHko] WRokA| ¢7] wizo R AdE 9 oz dof
ES 719E 4 ok Muller 5, 2007). ESE feedingS
IU¥Y 35, = fed-batch viFo] HPHHH 18417
o|F HFAFE B TV & 9IS ALE wHthBae
5, 2004). & 945 Boto] RAZY stater2A E-&S
4= 2= SRCM1013889] &ujA] 24 9 =k, vigzR7d

oy
<t

Optimized medium

GY medium

Fig. 6. The comparison of viable cell count between GY
medium (non-optimized medium) and optimized medium in 5
L jar fermenter. GY medium and optimized medium incubated
for 21 hours, 18 hours respectively.
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27449 A7t Sgslolor & A0 Bt

TFolAE AE 9RE o] §71H Acetobacter
pasteurianus SRCM101388& Al-&-s}o] Hio] QujA %5
THjgS St HA3} A4S AAISHIH. SRCM1013889]
24 w2} pH 270 217} 28C 2} pH 6.0°02 Ukt
o} A2 AS EEol7] Yoto] Plackett-Burman designe
AASE A3}, glucose, sucrose, yeast extract’} biomass
Z710 7V w2 a5 EY} Glucose, sucrose, yeast
extract?] FZH5LEE gotR7] 9519 central composite
designg AAStEoH, HAsEE glucose 10.73 g/L,
sucrose 3.98 g/L, yeast extract 18.73 g/L= e
Plackett-Burman design®4] biomass 710l F&o°] A=
7|8k ngeae] tigt &5 eE AR A3, ammonium
sulfate 1 g/L, magnesium sulfate 0.5 g/L, sodium
phosphate monobasic 2 g/L, sodium phosphate
dibasic 2 g/LZ Ue oW, 2F 223tH vjA] Az Al
pH= 6.1022 & pH 2A7= A5ttt 225}t
il 3.5 LE $5-3t 5 L jar fermenteroA9] wiFAa}
SRCM1013882 DO7} W2 rpmelA4l DO 747} ©f w2
A yepgtt o A= 150 rpm, 0.5 vwm, pH 6.0,
28T 27olA] 18A17F ¥ A] 2.53+ 0.12x10° CFU/mL
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