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Abstract — Bacterial cellulose (BC) was produced by Gluconacetobacter hansenii PJK (KCTC 10505 BP) strains
using the waste of beer fermentation broth. It contained more C and N than a basal medium with a small amount of S
and more than 4% ethanol. The amount of BC produced in a shaking culture using the waste of beer fermentation broth
was nearly the same as that of a basal medium. The production of BC decreased in a shear stress field in a jar fermenter
although the conversion of cellulose producing (Cel") cells to non-cellulose producing (Ce/”) mutants was not severe.
This study showed that the waste of beer fermentation broth is an inexpensive carbon, nitrogen source with ethanol and
thus a worthy substitute for the conventional medium for BC production.
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2-1. ALE #F ! HiX|=Y

AEZ QA5 HAksH= 5 Park S[2210] F-9li3h Alal2RE
F2]8t Gluconacetobactor hancenii PIK(KCTC 10505 BP)2} wHk
e 2 HE fegh BC Ahta(Cel) w55 Adell AR
o} B AE wjoks 913k 71 EaX (MA HiIA)EE= Son F[23]°0] AR
SR & ARSI e H 1ljR] Q] 2232 glucose 10 g/L, yeast extract
10 g/L, peptone 7 g/L, acetic acid 1.5 ml/L, succinate 0.2 g/Lo]™, 1l
2]9] pHE HCIZF NaOHE ARS8l 5,002 HASIATH MAE vl
A= MA HiRlol] 199] ellgho] 37k ghwlo] Qlvt. wtuat
S 95t 1 uR= 78R Aol agar 15 g/LE 71T

w v Eole SR sdelel AMgaiRlon ) o

23 ol Bolsie] Argslaint.

DR(dilution ratio) = ~ 28 — — Yws
total VWB+VDW

V= volume of waste of beer fermentation broth
Vi = volume of distilled water
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2-3. oHIE ¥ BCRl M

Zehafjoko] 749 vijokel 50 mL, W] 739 viokY 10 mL
£ 3.580 g 2017F 4] welslo] AEdE AAT F S Al
2 gl §47e(3,580 g, 20%) TS 28] AXa L FAVF
= w7hA] 5AAZ(=50 °C) AIA ol 23 BCY AxFTHE ¥
A T8Ik 71 F o] 3+ BColl 20 mL2] 0.3 M NaOHZ 3
7¥sle] sEE Bl oM AIEE B B8RO filter paper (No. 2,
Whatman Co.)7} 2 filter flasks ARESF] S-HS AASISIT]
Filter paperell A2zl BCol| #&2] 575 Faste] 401 &
7] AH e F 54 Axste] sk B dxses 549
Sict. gto] 28k BCO| 11xFH 575 BCO| AxF@ k] b
o|Z Al AZXFTHE St

2-4. Glucose S= &Y

ekl U] gkl o R 334 glucose®] =2 glucose reagent
kit(Sigma no. 510-A)E ARE-8le] S48t BljokdS: 3,580 g
20 3F A3 FEjste] A te slesh 3 sonl BAstar, BAE
2% 0.5 mLe} combined enzyme-color reagent solution 5 mLE &
@oto] 37°Cel A 307k WhS A F T RES- S B2 UV-VIS
spectrophotometer (Shimadzu 1201)& ARE-3}¢ 450 nmoll A 53
55 543t T glucose EE 0] EFTAE o838 glucose
FER SRk

2-5. Cel” mutants2| &3

njofel ol WS Cel ~mutants®] WAYE-S Sl $J5)
o] colony forming unit(CFU)E Z7d3F33t). vl NS Ho% sieve
(pore size : 38 um)= AJZ3E T 0.1 mLE AFSI 0.85% saline
Follel] TAIA o7 3|A5E & 3|4 0.1 mLE iAo =Est
o] colony”7} 4= wj7}A] 30 °Coll A H|F3FAATE. Smooth-type
colonyE FAASH= cells BC Aihas EARIOlS(Cel)= g3l
mucous and rough-type colonyE Fd8k= celks Cel ™ cells® 733}
SATH24].

2-6. Elemental analyzer (EA) &34

ARE 3,580 g2 20i-7F LA EelEte] s
o] & w7hx] 80 °C T Hx7|olA Azxs| wAiel uhapA}
HEE o] gate] tUdsHAl Hafsto] €4 FA(EA 1108 CHNS-O,
Fisons)& AAIBIGICE. elamtAs o] & AlRE darA 23 ¢
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2-7. Gas chromatograghy (GC) &A1
W g WFoMO] ethanold} acetic acid?] & #41L -2

S 0]8-5}97 gas chromatography@ Z"d 33T}, Gas chromatography
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T GF)EE JIAEFHE DS 62002 ©]€313°™ column ] &
W Scientific®] DB-5 capillary columne| ARE-E]QIt}. 18] oven
Temp. 180 °C, injection Temp. 240 °C, detector Temp. 210 °C, carrier

L= I =
==

gas== N, & ARESIQIT). B3t detector carrier gas 52
o Sl el 58 JdE FA oL e HEV|RA F
o] = P 3tA A-8-81 FID(flame ionization detector)E Ak
Baeitt. & AddeM e AR oR WS Adeisl o

UH-EFE2 2= N-Buthanol2 AFE-3133T)

2-8. XRD &3

A5E ool @ w7bA] SAZ(-50°C) AlZ] - 5°~40°20 H
oA Cu-target> ©]-8-3}o] X-Ray Diffractometer(X' Pert-APD,
PHILPS)Z 40 KV, 30 mA°|4] X-ray diffractograme 5743} t}.

3. Zu o oE

3-1. W=E m HEHo| MEEM

W= kg F R A3 whet 7o) Ao} uhE o] AR
o] Jepx]7]| w2l filtering 3= B3l &5 W 989 X]-n—‘“ S
AAs WFE o5 Arilshs W5 3o = B 73] YEE
ol gstar H7)SkaL o, AR ul vella] 2] WAz A
H]E ZE5ean Wof, 3, g 5o A5el w0 AxHoR o
2 AR gakslo] dfjsh= SRS AR Ao = wiSeo] Bk

Aol wet a7 E wASHAY v risict webA W g

FNE BC kS s MR 2 ARRSE] QlsiA = Hade] 4]
o 2} A7} 9t
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Table 2. The concentration of ethanol and acetic acid in the waste of
beer fermentation broth by gas chromatography

Composition (V/V%)

Ethanol Acetic acid
MA medium* 0 0.15
MAE medium* 1 0.15
H Co. 4 gene. 4.58 0
H Co. 7 gene. 12.42 13.82
A Co. 542 0.11
*: Not analyzed
K, Fe, Ca, Mg, P 59| ¥71977} v|&F g350] 3152 ICP-Atomic

Emission Spectrometer(JY 38 Plus, Jobin-Yvon)& E-all4 &1t}
W= o) Wy Mof] SkF-E|o] Q1= ethanol¥} acetic acid®] &= -
3lo] Table 201 YERASITE

Table 25 B 3 odqto] ARE-3 Wi o] WF AO] ethanol X!
acetic acid®] ¥ HgF ARE-SIe) Firel whet thEA| YEbsiT

435 o]g-3k HARY] W= 5 Rk Mofli= ethanolo] ©F 4.58% T+
=o] QAL acetic acidi= PO 731 E o8-S HARS] WS )
g Nof| = ethanol 2 acetic acid & =7} Z42F <F 12.42% 9} <F
13.82%% 71 =3kom, she-2s W ZHEHR1 AALS] W o)
FMof|&= ethanol 2 acetic acid 557} 22} 2F 5.42%9) 2k 0.11%
Shi-Eo] ATt Z1EHIR[(MA vljA] el 1% olgh-Eo] g7 MAE
HiZ|7} BC AAke] HAuR]o| 9 S 7Rkshd oleh&l] F =7}
=2 ot}

G hansenii PIKE o] g-3to] g 7] 7]Eu)A]el 1%
ethanolS- 37180 22X vk Fof| WA E = BC7| 971+ d7d0]
YEREO ™, Cel- mutants®] B4 &3k BCO A SVl
u|AYEL] 7S FPIAIZ L W o] kg el vkl ehaelw)
Aglo] EAetar, Besh X'l kel X Cel mutants®] HAEA] &
3'/}7} = ethanolol ShEo] Qi) 3 rE Wi H g e BC

E Aehe l Q3 3RS X E giAE = Sl FEs ke
Aol & Zloletar Fetelc),

3-2. ZIGHHO]| 2/et BC A4it
Acetic acid §1°] ethanolq} F 4.58% $Hi-wo] Q= 43] o]-8-3+
HARS] @5 o] Hlkg oS- 0]8-5]0 conventional flaskollA] wild type2]

§°".4 ) o} AzFeko] Wslcl= Zlolt). Il AALRFE G hansenii PIKE Z1E1|Q) S1Ic), W= =) ikg of| SL3HE ethanol
e S R QRS L) 0k C= ob 209, 9] AR AR B ke B ektor} MAE WA
N2 ©F 2,081 2 Zle o = Qluk HESE € HL N, S, O ©]9]9l] Na, A7 320 pellicle NS A2 T]uto] AR ke
Table 1. The element analysis of MA medium and waste of beer fermentation broth

Element (%) Total(%)

C H N S (0]

MA medium 39.01[10.63] 6.17[1.68] 7.32[2.00] 0[0] 42.02[11.45] 94.52[25.76]
MAE medium 39.01[10.65] 6.19[1.69] 7.33[2.00] 0[0] 41.97[11.45] 94.50[25.79]
H Co. 4 gene. 41.35[23.64] 6.26[3.58] 4.91[2.81] 0.28[0.16] 44.01[25.38] 97.21[55.57]
H Co. 7 gene. 41.14[91.71] 7.09[15.81] 10.86[24.21] 0.69[1.54] 38.87[86.65] 98.65[219.92]
A Co. 34.55[22.20] 5.68[3.65] 6.46[4.15] 0.37[0.24] 44.74[28.75] 91.8[58.99]

[ 1 Dry weight (/L)
*: Calculated value

sps1@st

H44H H1ZE 20064 28



s g2 o At 55

3 2 —~O— MA medium
= —O— MAE madium
.g’ —@— Waste beer fermentation broth
‘D (H Co. 4 gene.)
= ]
-
°
O 5
o !
0 L L L L L L L
0 2 4 6 8 10 12 14 16

Culture time (Day)

Fig. 1. Effects of media on the production of BC by G. hansenii PJK.
Cells were cultivated in a conventional flask shaken at 200
rpm at 30 °C.

Fig. 191 MA ¥i%], MAE #l#] Z12]3L 43] ©]-§-3 HALS] W5 9]
HFg oS 0]8-510] conventional flasklX wild type®] G hansenii

Pk T ‘%HH Folo] A BCe] ATE ehlelt), wE
| ukg ofi= —‘3JL]- Aglo] FH-81L ethanolo] &= 0] Q)
ool BCY )\(E/\]- 2 MA 8% (1.54 g/1.)2] <k 89%, MAE 14|

(224 gL)2] ¥ 61%2) 1.37 g/LOIAT}. G hansenii PIK 5+ g+
207 glucoseE ARE-Sh=t] W o] whg el wiSukg vy
of| A E5e) ofs) g o] #aliE]o] ethanol?} CO,7t /3
B2 glucose”t AL §laL, 7|2 ef E3tE|o] Sl acetic acid”}
7] wiell ©@717keli= BC Aikgo] #vhal 35} A MA
HiA] el A= FHogakke] 29 uljekelA o] o153 MAE HiA]ellA
= 79 o]Fel Hujgakgo] dojFARE Mg Ao = 1Y
Fof] Lozl BC94 ko™ Fig. 10 YERY Qlo] 119 o]0l
T A&EFoy 7}0}—5 FAE Kol Qlov g wg7y|7lo] =7}
3Pt B MAUIAS 0187 STILE 232 7 )
o5 HolEr), Bk, WS o) kg o] WIS FAfolx] lAYEH= Ak
¢ #A7IEYS FRIshE BCE Aitel A4S v E dix
T Sl TR 7FsAdo] Qlvkarl ek

MA A B} C= oF 8.638, N2 ¢F 12,118 ¥al, ethanol ¥
acetic acid 557} ZF2}F @k 12.42%2} ©F 13.82% % 714 wWo] aka-
o] gIld 73] o] 83t HALS W # YF NS o] &5}

[e)

Ore

_

conventional flaskollX] wild type®] G hansenii PIKS ZEH|F &
At MA iAo 8]8l] 1552 ethanol X acetic acid’7} 3E3HE]
o Q7] wiiel 73] o]-§& HAke] WS # WENE FHTE 3
Aeto] s|Anle] w2 BCO| RS FES|H T}

78] o] &5k HALS] W o g eliell Mz 3ERHE] o] Qli= ethanol
9] oJsko g A ¥ B} 97]+= A2 YERECOL MAE HiR] ]
AAH el pellicle eS| A2 F]2to] WHE A= AU

AN (DR=1.00y A3+ 7A-9-9} 112 3|3k 8- (DR=0.50)—E—
AREEE Z9-elli= BCO AzxFEo] 22 0.003 g/Lsh 0.047 g/LE
ABAdo] sllslsitt, ofi= 3552 ethanol 2 acetic acid?} 3¢
Eof Q7] wiitell 1 H 02 Adfe] Al Aol Asl ik
ulFolgkar ek ti2s].

73] o] g5t HALS] W o] WE NS THTE 3|4 slof v
o Aol AAE o] &3t A9 &l BCY AxFHo
DR=0.33¢I41+= 0.43 g/L, DR=0.25¢141+= 0.55 g/L, DR=0.20]
A= 0.50 g/l 18] DR=0.17°1A% 0.46 g/1.0]13]t}. o= %71
ethanol ' acetic acid E5=7F 22+ oF 12.42%$} ©F 13.82%°]H
g AL Tl 57 AHASEE ethanolel] 23F F/30] 7
asto] #4198 S Adlishs 2@ £7] witele)t weke
t}. TEsh, DR=0.25914 BCe| 71xF%o] 0.55 g/LE 7P %2
RS &4 4 3Ed o] DR=0.33°14% ethanol 2 acetic acid
-7 A7} A7) o= %71 Wite]w DR=0.20 016}01]*1—5
sl o ]lato] wAEo] o] &8 = Qli= AL T P
o] ZHAsI7| Wil Aow F5Hr) 73] ARES wﬂLQH%

3| 7} 3:} 1 Qo] ¥alo] 7k Aot Ues & AUk
7]l ol A 9} o] mE 23t ethanol®] Ats)

239 acetic ac1d7} AdEe] vk 7)ol HAEitt S
7}o}~ o] ERRL

Table 3& X 4*4H17} AT CFUS] 7A17F 00] H= Al
717b ek o = el ol oA AR 7Ur o] njAEol
o] & Sl PFRol TSIV Wil Aow FEHT)

MA 8=} 95 5] kg HefA] kel BC«] T2t LA
dolr 7] $5t] XRDE S35k} Fig. 20 MA vix|¢} 1:42
3]2)(DR=0.20)3l| 73] o] &5t HALS] Wi =] kg Mol x| APakel BC
£ X-Ray Diffractometers ©]-83}%] X-ray diffractograme- =733}
o A= eI B vke} 2ol FAKE profiles WERA AL
Slom, XRD AFEHE 7] FujA e} W= #) g Hela YAE
BCE FYslt}ar g 4= Qo).

SRR g el AA| WAz AdulE ZEaan Hof, T,
HHE 59 A9 f9] AR s A5 sl &5

>
L

Table 3. The conversion of G. hansenii PJK into Cel’ mutants during cultivation in a diluted waste of beer fermentation broth(H Co. 7 gene.) in a
conventional flask shaken at 200 rpm at 30 °C. Culture broth was 10° times diluted with saline water, spread onto an agar medium, and

then incubated at 30 °C

Culture time CFU/mL Cel” mutants/total cells
(day) DR=0.33 DR=0.25 DR=0.20 DR=0.17 DR=0.33 DR=0.25 DR=0.20 DR=0.17

1 5.3%10° 7.2x10° 2.21x107 4.55x107 0 0.014 0.018 0.011
2 2.30x107 1.55x107 6.6x10° 1.15x107 0.004 0.194 0.106 0.044
3 2.46x107 2.0x10° 0 0 0.004 0.050 - -

4 5.25%10° 0 0 0 0.002 - - -

5 6.85x10% 0 0 0 0.001 - - -

7 0 -
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Fig. 2. A X-ray diffractogram of BC produced by G. hansenii PJK.
(a) MA medium, (b) waste of beer fermentation broth (H Co.
7 gene., DR=0.20). Cells were cultivated in a conventional
flask shaken at 200 rpm at 30 °C.

7} AolQli= AR Fllsh= -l AR AXEYE 7}
A W ) AFNO] TR MA vilA] Ko}k C= oF 2,094,
N2 2k 2,088} 3L, ethanol @ acetic acid 5= 22t oF 5.42%
o} oF 0.11% =] AUt

SR AR AXLY] W ) R E NS SRR 343
o] conventional flaskollAl wild type®] G hansenii PIKE ZIHH|<F
St Ay} Wi o] dkg o) Z3tE o] Qe ethanol®] F3Fo R A/
¥ BC7F 4715 @2do] Yelio, njeksiA| Rt HAL 95 5 Wi
Aol A= MAE HIAol| A% BC o] el pellicle HE|S] A=
+ Futo] E I

AXLS] W o] g oS FRGE B)4E slo] 1047F vkt A
Qo= BCO AxFeo] DR=0.50°141E 0.92 /I, DR=0.33°4]
= 0.93 g/L, DR=0.25¢141%= 0.60 g/L 12]3. DR=0.20¢14+= 0.55
g/LOIAT), 13y #Al] B RFE DR=0.5001 718 B@3kor
pHE] Wsh= Sko] Z-9} o] FAsIitir) S7kshs @de] v
ERte}.

I F57e WF ) g Aelxe] BC Hff ALk vl ek
W AALS] W ] g RS 54510 RS- A9 DR=0.3301141¢]
BCo| AxZke- 73] 0|83+ HALY] W5 H) wkE 9 (DR=0.25)0114]
AR FRR= oF 1,694 HWOkAIRE, B4k 9dal 43] o]-8-3F H
ALe] @S ] kg Mol A YAkl QFHTh= oF 329 A 21S o
T AUtk

3-3. wHHHUo 2[gt BC Mt

BCO| At w715 Zola vk kS 3] $IsXE G hansenii
PIK 755 wWk vjeksh= Flo] f-elabA vk vk A] 73t shear
stress $H3 Sloll A= tFS] Cel mutants”} ¥HASIe] BCO] AJAkE
& AaA7E glo] Hrkar deisleh22, 25].

ek Al WAYSH= shear stress”t G hansenii PIKE Cel”
mutants® A= Z 0T dufF o), oA 1173t vl 7o)
ZElS SIEEEE 1% ethanols WAl 3718PH Cel mutants

siskast Ml44H 1S 200641 28

Table 4. Effect of reactors on the production of BC and cells by G.
hansenii PJK in a waste of beer fermentation broth (H Co. 4

gene.)
. Conventional flask Fermenter
Dry V/vf;ght Shaking rate (rpm) Agitation rate (rpm)
(e 200 300 500 600
BC 1.37 0.30 0.40 0.35
Cell 5.35 1.55 1.89 2.07

o] MAS- oAl AlA BCO Akl TR BE & 4 ATt
b £ Aol M= 'Y, AAY T78]3L ethanolo] U1 S
=] 919, conventional flaskE ©]8-3Fo] gk A] BC2] AY
Ao 71 Bk 48] o8-8k HARS] Wi o] Hha oS- o]8-5)e]
B Al impeller®] 3]E5 50 W BCO] ALHIS AES] B
32} g,

Hte W g Wg o 31LE 6 flat-blade turbine impeller”} Q)
+ 5 L jar fermentorol] #|-$-37 aeration rate 1 vvm, 30 °C F=71°]
] pH controllers ARE-3lo] ¥g o] pHE 4.5-5.5% A8 M
H,SO,. 8 M NaOH)&} wljeka}odr.

k7|7l whef A9 TS skt ksl BCE] 7%
FH A s 91910 H, impeller 8345571 300 rppmoll A=
0.30 /L, 500 rpmoIAE= 0.40 g/L T12]3L 600 rpmel A= 035 gL
o] BC7} AARE QAL WSPSe] AZFEE: impeller 31557} &
7V SR oM, widkar ol AAstl ) S sk @dol
e

G hansenii PIKE 4.58% ethanolo] 323l W= o] g ol A
300 rpme] WHFGER WHHIRS sH= 79, wljYr] diFelA]
A= 7338t shear stressE Cel” mutant? 2] o] FHE]7] Wl
o BCO| AAkto] Hwhljeke] 7ol ]3] w9 SHA| byt
Z1EhaoF A] conventional flask Wl4-2] 8 <F 42 uni-directional
circular flow field”} §/d%e] 7Nt 5= &5 S UeRIA| T
AR Rkl 3173 8= 6 flat-blade turbine impeller®] 7}
Aol A sk o Qlste] A E lateral mixing¥} vertical
mixing®] FWHE+= &5 FEE UER)7] wliel jar fermentor U
o] 4] 733t shear stress”} A/ ETh BCY AJAHFS conventional
flask H.T} jar fermentoroll X 4dh= A 02 F5%c)

ARk ow e e, 818 Tela ARl A
el g8l ErE@AEER)E A7EkaL itk o] & A= A
L wi Ul EAlshE f71E oA AEel 2siA &l
7Fset f71eS AER AASkE WHolnh. & Ad oAM= A
Al WS #) MF NS BC AR 915 viA R ARESE| il
W o] kg Hel] EXJSE 7 |EC] AAEE 2} S Ao
AETY. G hansenii PIK 7570 &3t §718 AlA AEE 218}
7] 91810 PR (KMnO, )R/ 0 2 318H4 Ak Q18K(COD)
S 5738t Bor) 43] o] &3t HAF WS # Ha NS 5L jar
fermentorol A 600 rpm o2 wHhF A3} F2] nljok AFAS F
ato] CODE 4 A7) wjF A 25 7 daole 59,500 mg/L
o] em, uljeF Felli= 35,235 mg/LolGitt. ol A= Sl =
A 55 71E U A 7E 28 w9 vlE SR VR
Fe] ot nE Hadd % oF 41%°] CoD7} Ak
q2IE 48 5 ATk



s g2 o At 57

4.4 E

712 uEo| s AAkEE BCE Aol we Rk oy
2} A5 E2R1 w7} 5171e]7] wiiell BCE] A S %0171 9
sz A7Ee] wiA] diAl o] spde] A Qsirt. whebA AT
o|4= BC Ak 913k viA] oAl B e dage] S5kl
ethanolo] T} $HtElo] Sl W 3golA sk B #
GHL 0|83l G hansenii PIKS ZEljok 2 wyklok 3o g
A BC MRS $3t HA o 271& 23z} 31%lT). EA(elemental
analyzer)®} GC(gas chromatography)s ©]8-3}0] & kol ARg-¥
YA el W ) da e A5 A9 712 2o g4l
(©) B Aael(Nje] v SASAAL, 712 ol fl= (Sl v
& EgE o] o™ Cel” mutants®] AP A ] BT} QL=
cthanol 4% oV FHETL AT, ST, WEREH oI &
Bl el EA ©ato] el o] ethanol?t CO7F BYH I
glucoseZ} A2 §l7] wlFol §A 02 glucoseE AMHE3H= G
hansenii PIK 70l €15t BC AAFEE: 712l el kel oFm

the gk, JRlels W v wiele] Al W/1RUS 7K
Tk BCE AASHE 98 S AT 5 gl SR b5

o] it}

Impeller?] 3|47} S718ke] w2} CFU $xI= 5718kl Cel~
mutants®] FAN]E-2- 7H43}A]5} [data not shown] S°]3[AI% BC
o] AAKEES- 300, 500 12|13 600 pm®] impeller 3H4% F 500
A 600 rpme] wRERZOA 71 5] vERTt. o] Wi )
gl o= 37559 ethanol B B]A]|Q] A Adsto] EAlel s
600 rpmellX12] BC AAF Agtell thigh 212 AAlEA = w4 s}
w QroF ol tigt A7} i Fesrial JhekEc).
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