Korean Society for Biotechnology and Bioengineering Journal 26; 223-228 (2011)

Enterobacter aerogenesE 0]4-3} crude glycerol 7]4k2]

o] e g A3

AEA, BYA, Aok, o1FE, A5, 387, AL, U9, 148, WAy

Bioethanol Production Based on Crude Glycerol Using Enterobacter

aerogenes

Hongsub Jung,

A 2011 4€ 49 7 AASQ: 20119 59 16Y

Pil-Je Seong, A-Ra Go, Sang Jun Lee', Seung Wook Kim', Sung Ok Han’, Jachoon Cho’,
Dae Haeng Cho, Yong Hwan Kim, and Chulhwan Park*

© 2011 The Korean Society for Biotechnology and Bioengineering

Abstract: The effects of pH, glycerol concentration and salt
on cell growth and ethanol production using Entercbacter
aerogenes KCTC 2190 were evaluated in the anaerobic culture
condition. In condition of initial pH 5, cell growth and ethanol
production were highest. An initial concentration of 10 g/L
of pure glycerol gave the highest cell growth and ethanol
production. However, in case of over 15 g/L of pure glycerol,
they decreased. The cell growth and ethanol production
decreased with the increase of salt concentration. When 10 g/L
of crude glycerol was used as the carbon source, the cell
growth and ethanol production were 1.32 ODggo and 3.95 g/L,
respectively, which were about 94.4% and 88.5% compared
to those of pure glycerol. These result indicates that the crude
glycerol produced in the biodiesel manufacturing process may
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be useful as a potential carbon source for ethanol production
form Enterobacter aevogenes KCTC 2190,
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A7 A=A ol [2].

H}O]iqﬁ‘ & AR} Hlasle] w2 AR &
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SEAEE] o] Astele] vlolor]d A T2l &
£ 7 A FEAE A g 5o A7) ahge 4= Q)
o} [7-8]. ot ol R & HZMEe] ariAEE Y%t
¢sel @ie] 3 FolH, 11 F iy} mAES ol %
3 EE B vo|edwheEs sk Aot} [2).

o] @ o ghe-2- oA kshekA A7, AT o)F2] folig,
A2 o]-§ F2] oJAE AU Qo] AT E Qg
S 29E AP A% A AR A E= A
7Fsdt oA F shiolH, T8 FEoluRR o) A
31 ek 2006\0ll= A AAA O R 4135 & A} At
Hlom, vla, Hepd gy {9 B slEeals vt
olQoflghe Aiakeo] X407 FylEla Q= FAlolrt,
HoRE 2L AN Wo] o8- R oz odso] n}
oleolehE] A= e AR AFH T St [9).

Citrobacter freundii, Clostridium pastewrianum, Clostridium
butyricum, Lactobacillus reuteri, Klebsiella pneumoniae,
Enterobacter agglomerans 12|13l Enterobacter aerogenes
S 2 TRk v RS 209 SEAES ©
2o o]gst 5= QIt} E. gerogenesi FHAEES B
doz o] gk 4 QIS BN opie} ofjghg 3} 24:0) Aato]
7Fs8itt [10-16]. E. aerogenesE o443 H2ujAE da
£ 58 284 vlol ofjekE el Aale] 7 A, HE
ZAIE Al 18 2703 vlo] LeuA|EA) ulo] oljgke-o]
Brte) 71ssl vlol e ik g4 & Suivt s
& Zloz HQlth

Aol HiEe g RS 1881, E. aerogenes
KCTC 21909] #4198 237, 2804182 43 2 oae 4
Abre] tiste] £7] pHE) 9, 27 SPAE] TR
A, A2 FF (NaCl, KCH$ 7] w9l 93k mjols)
122} 315321, crude glycerolS 283t ofgke- Ak 7154
< ERletaat sigict.

2. 494 2

2.1. 45 9 A ¢
B AtolMEs vlo| eolehg AL S8k R BTV
’34%1 Eenterobacter aerogenes KCTC 21905 AMg-81itk
Deep freezer (-80°C)oIA] 40% S2|AIE liquid stock 0 F
B Fold E. aerogenes KCTC 21905 A wjors 3
BA8IAZ] & nutrient agar plate®] =% wjorslaivh £
1% (seed culture) 250 mL erlenmeyer flask®l 80 mL <]
nutrient brothE 7Fste] X% wigdr]elM 377C, 150 pm
O F E. aerogenes KCTC 2190 1247} vjofFst & 4
37#0] 1.9-2.1 ODge®l HAE Wl 1% (viv)E £ nj}
(main culture) ¥IX| & QEEA ) S vk vjx] 2AL
S5 1 L 3 beef extract 3 g/L, peptone 5 g/Lo|th
HlA] Alzofl ARS-#l nutrient broth, nutrient agar, peptone
& Difco (USA) A1, NaCl, KCI> Wako Pure Chemical
(Japan) ARE, KH:PO4, KoHPO4, (NHy),SO4, MgSOs, trisodium
citrate dehydratet= Junsei (Japan) A%, 121 SYAE

- Sigma-Aldrich (USA)AES AFE3ISIT Crude glycerol
< =l DARS] Hlol et A A 3 FAES SRl

A3t

22. 27| pH, 2ENE S E ¥ ¥ 55 WS o2 oS
% Kla

+ w9k 125 mL serum bottle®]] 50 mL 2] ¥ ek ¥iR|E
Vel Fatuieks) FYsAl % Wiz lelA 37°C, 150 ipm
O 24X7F E3F wjokElgit. 2 AFelA ARSE H)
A1) A2 S/ 1 L 9 peptone 5 g/L, KoHPO, 14 g/L,
KH;POs 6 g/L, (NH);SOs 2 g/L, MgSO4 0.2 g/L, trisodium
citrate dehydrate 1 g/l 78] ©AHQd 58 SHE
(pure glycerol)oIt}h. 271 pH, 2FFSY, 12|31l €o] E. aerogenes
KCTC 2190°] vA|i= &2 dAetsl] fa 2ol 49
Z0& A3Agske) ssisith

%27 pHell W E. aerogenes KCTC 21908 oljgkg A4t
Ak glelsly| ste] 2 vileF 71 viR] FellA] gl
=2HES] 7] %8 10 gLE YA A8k, 7]
pH 3-99] ZelM &S Asgsiglrt

SEANE FE7} olEhEel vAE G Fels] A8l
ook 718 87 Ao g & FERES] 2]
FE 520 L] Mo AEE Asiict 27 pHE pH
ek A AlE vlBO R E. gerogenes KCTC 21909 ofgk
& A HH2AQ pH 57 A

%do] E. aerogenes KCTC 2190°) m]X]&= ks vjots}
71§18l 271e] B owjek 71 wiR] Hdelx dAell o
FEAES] 27 F5F 10 gL, WA 9] 27) pHE 52 93
SH SAIBIE.0H, S o 2 HZeHEe] X Q=
A AR FEZ 1#3le] KCI1F NaCle 242} 520 ¢/1.9]
FEHLE Hrlele] AsgEE vetslsirt.

7] dha s Bl olekE Aike Sdiskely| A8 viRE
71k serum bottleo] AAE FE3] FYUT ¥, rubber
septa$} aluminum crimp capsE ©]8310] 1k) AASH 79
& Ao g Fr)xas REsith

2.3. Crude glycernl2 o5t vlo] @ ofeh-& At

A crude glycerol& o] &3 ulo] ok A} 7S
Rt 4712 & ek 7R wiAE VIREeR s, ©A
doay = FTAE thl 525 gL Y 27| SRS
AP crude glycerol= ¥ 02 AMSIS0H, 7] pH 59
004 Ae Agsisich

24, B4 9y
E. aerogenes KCTC 21905 18A1ZF 3t 25 wjod7 ]l
ket &, serum bottle A oA A S-S ST AE
0.05 mL} of&tg U FEAE T= S4L 4 BE 1 mL
= 7F7+ AF AT

A APERE AEE FHE 208 3 & UVIVIS
spectrophotometer (UV-1800, Shimadzu, Japan)E ©|&
3lo] 600 nme] #gollx] FIFUE (OD, optical density)E
=433t
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olghZ 9 SeMEe] i F4E S8l AES 10,000 rpm
O% 15%1 9vElE B8l vAlE A daRe
3t AWE2) A4S 0.20 um microfilter (DISMIC-13JP PTFE
0.20 um, Advantec, Japan)= 1393t & Refractive Index
Detecter (RID-10A, Shimadzu, Japan)7} 241 High-
Performance Liquid Chromatograph (HPLC)S ARE-3}o] &
A3tk HPLC 2852702 vhga} 2tk column Aminex
HPX-87H (300 x 7.8 mm, Bio-Rad, CA, USA)& AM-315)
on, $xi= 55C R At ol 502 0.005 N2
H:S0,5 AHBEISIoH, 458 0.8 mL/min 8}r}.

. @44 3%

3.1. pH i3} w}2 gk 234+

Hlol oo WAt T BAshs HEelAEe dyst
A 92 pH 2705 AL Qlek. theket 27] pH Z3ellA
Enterobacter aerogenes KCTC 2190-& ©]83F ofjehg- AlAL
FEE golsl] ste] &5 B g w4 A
ol Ak W w9 o4 FEAEY AHEe
78It

Fig. 19X 7] pH 3-99] viX]°)| E. gerogenes KCTC
2190L F7IeeksE 2 o) 94, 2RE 20k 2 o
& WIS S 298 BolFa ot

27| pH7} 304 52 S7hgel] whet ofghe AjAke ul
oA Aol F7kske AEE HolAgh pH 6014 95
T7Hl w2t ollehe ke ul @A) o] Hakdow
HEFE S golsiglon, A9 27] pHE 599th
2 2319 pH 59014 1.75 0Dl 741 A8, 4.45 g/L
o] ofjk BakEFo R B ov oghgo] PalaL of
049 g (ethanol)/g (glycerol) 0 o1E-82] 98.0% S Bk

#HA z710= IRIE pH 599 o) Al ogke
S diET o2 sl v walSS ul, 27) pH 62] T4
378 1.68 ODe . ThZ=T tiH] 96.0%2] Aol 74 A3
S BTk ovhE RS 4.02 gL E thEF thH)
90.3%2] i ollehe AEES Bl om ofjghe-o) Bakeg
=048 gg O O|EFEY 96%E K.

Z7] pH 77} 831 749-9] A 28R Z12E 1.2 ODao S
1.0 ODgo = TZr iR 67.1%, 57.1%2] ATl oA A
& B oehg ] AAEE-E 048 g/gT 0.46 g/gOE
ol ETEY] 96%} 92%9] T FE Hylov FE A2
HFBo] djF oz vo} oghs AR 717} 2.99 g/,
228 glLE Uiz tib] 67.1%, 51.2%2] Al olghe: Ak
Fe Holt)

71 9) pH 3°llM= Sl E2] 13 (uptake)7F SO,
pH 4 31 90lX= 22} wiA)e] wief 7] el S5
15% ols}e] SEMIET AFslo], SeMEe] Frabgels
e Aol Qe Fisisitt. 1 Ax o248 22%
o111 0.98 g/L % 043 g/Lo] WhE ofleke PAkES Rt

o5 e WA S 27) pHE WAES] e T2
T ol T ) 8w, AR o A V)%

7 gdo] glov, A3 ue] 2] pH Ao)i= ARl e
(proton-motive force)ell 7Jot Fake- A= A 02 BEQ)
o} M2 UYi9]e) pH Zo |7} 7S o dR) FEEe] vo}
A7) a1, PR RS A3 ATP Q73RS S84 Pck
ol o] =2 oekE AARS At A dirlEgel "
SR U2l ATP2] o) Atz o ® 7H4shA| Hol A
o} 737 gl ollehg- Artel] AedeE skl ©ok [17-21].

10 2.0
Production of ethanot
7] Consumption of glyserol
—— Celi growth

Caoncentration (g/L)
Cell growth (OD see)

pH

Fig. 1. Ethanol production, glycerol consumption and cell growth
at different initial pHs after 18 h.

3.2. 2EYNE T Yo o ofg& A4t
HE S-S 7Nk 8] njo] Qol[ghg AALS H3lA]
= A ] g4 FRAEe] e Ak digh )
depzjolet, ool st Yekg U] ffste] o SiA
o 27] F% (5-25 gLy7} o} wioll M9 E aerogenes
KCTC 21908] 4] 2378, 22AlE Anle 2 oflehe At
FE 545 59 HAY 2] SFME T 20E s
A} St

Fig. 2= Hix]9] =7 SeillEe] 27] 55 W9l 525 gL
oA E. aerogenes KCTC 21905 F7|ujoF &, A A
Aok Fel S AREF g0 olghe RS EA)3) ]
LieRd Zlojc,

= FHAE 5 gL 210 g/L o] wWiek A= 1.32
ODgo % 1.75 ODgoo) 703 A3, 4.85 g/l 2! 8.84 /1.9]
FYME 23 246 g/l U 445 g/Lo] olEhe ARERS
HAowH o FEMEY T 10 gL AT E 5
SYAIEL] Tt SIS E. aerogenes KCTC 21902
el SYMEY Sl Skt oAl A A
offgks AilEo] AxpH o E SU1EE ER1E 4 YISt

o FEHES] 5571 15-25 gLl sl =10 g/l
o] wijokxzle] Ane o R slod v)wske w, WA
37 742} 1.32-1.06 ODgoo e tHEE UY] 75.4-60.6%
of A Al S Btk FeAE AnjEe diadt
the] 72.2-48.9%2] 2l SElAIE onlES Hlow og
& AES- 341233 g2 ThET thi] 76.6-52.4%2] Al)
oflghe- AArEES B iTh

Hj=] o] FEHEL] Ft v AE Yo R
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ofAlAl HW AREet A5 o® QE) nAE] g dato)
s H1, ol wAE ARl A de sk 2
o} [22]. WBES Ao 71 AHE v B oko] 717S
oAl = 718 72 (substrate excess) O & Q15F 71AA
&l| (substrate inhibition) #Jo] BAYSHAl Btk 15 gL ol
o] 2EAE 5 2 7IEANE 8 #A2) 2
A2 Fgol Zastar #4 43% Ast 9 oletg
A ] AR 7 2 AR Helnk 13k 749
ST 7Kk Wt pHE 7hA, AF A Fo) fglew
ARREC] OIgh As|dEe] WA 5= glon, o7 Qls) At
T80 sk 2t [23-24).

10 20
Production of ethanol
[ Consumption of glycerol
—— Cell growth
8 4
15
y )
E) 2
= 6 Y
s \‘M‘,____{ g
e £
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s [
g 4 o
& 3
Q o
05
2 4
0 0.0

10 15 20
Concentration of initial glycerof (g/L)
Fig. 2. Ethanol production, glycerol consumption and cell growth

according to change of osmotic pressure by concentration of pure
glycerol after 18 h.

33. g £ ¥iso] g2 ofjehg P4t

vlol oo A T 2] FAREQ] HE e AlE T o]
e ¥ (NaCl, KC1)©| E. aerogenes KCTC 21902] A4}
e Akl v 4 Qe ASGES BRItz st

Fig. 32 5-20 g/L '#$19] ol F71e ajok z7i0M9)
E. aerogenes KCTC 21902 #AA4 4l ofghg AAES
RolFal ok, G WA @2 ik 24 vixdes
AAEIlon, dizre] oAl skt ogh AAleRe. zkz)
1.75 ODgo %} 4.45 g/LAT}.

NaClo] 87| W] 5-20 g/L.9] -2 &2 A, thZ tiy)
78.9-28.6%2] Aol 7#A| 437 1.38-0.50 ODge S HH O,
iz tiH] 89.7-37.1%2 30l oflek ABAEE 3.99-1.65 g/l
£ H3ch

vi2] W 5-20 g/LY] FER KCI2 A71I9e A% oz
T Y] 69.1-32.0%2] 3] A A3 1.21-0.56 ODew S
B om, UizT vl 47} 67.6-24.3%2) Al gk Ak
% 3.01-1.08 g/L-E RSt KCIo] 71 wijok 2404
2L EE9 Naclo] H71E P& wR} oF 7-13% v
A AAET} oF 25-40% S oghe PAlEES Below
M, 71 A7} KCI°] NaClHY} E. gerogenes KCTC 21902]
ofghE AAF FgollA AdiF oz 75 Ak BS

gl

NaCl 59 952 E. aerogenes®) 2478 AFEEE B
o] A%k, 1% ©]3} FE2] NaCle] 38 vjjokz7ol =
A G edo] IR AT} [16]. Zheng 5 [25] HiA]O
3 NaCl2 =2 AHFs g/ds1o] nldEe] dialay
of] A PErS: viepdthal B3sl3lom, Das 5 [26]2 HiX]
o Ly o] 252 ¥kl upE Ak vy 7S
AT T, nl g wak ol gigh Uik &elzt 9l
Ak, 9J50] 38 oei= AE Sal) (cell lysis) BFE 2
& 4= 9low 27-29], BiX]e] E8HE o] A} FEE e

[ Production of Ethanol (NaClj [

1 Production of Ethanol (KCl}
—_ ~# Cell growth {NaCl)
®
< g0 —8— Cell growth (KCH Lo
s 3
B £
T 3
g 60 Lo 8
a D
< 3
)
£ ]
¥ 401 P40 2
© 8
=4 [0}
= 14
& 2] 2

0 L &

Q 8 10 15 20

Concentration of saits (g/L)

Fig. 3. Relative ethanol production and cell growth at different salt
concentrations after 18 h.

3.4. Crude glycerolZ ©}-8-3 vlo] 2 ofgh-g A4k
dlo]l e ik o] e 3ol 4 MONG (matter of
organic non glycerol) J&3 @ & E<Eo] X3k H2g
Ago] FarEz BT X 38 B3] A=A
£ (waste glycerol)°l] E3lHo] gli= oladg AE-=0] IF
AAE crude glycerol®] A At

B AgelME 27] 5k Y 525 g/LY crude glycerol
& A glo® AR Z1zbe] wlKjollA E. aerogenes KCTC
2190 F7|wekst & A ggEat olgE AAEE S
el YUt w20 o SHES SAY0E ARRs
Agks vkt (Fig. 4).

ehgoR 5 g9 10 g 5 crude glycerolS AR
gk ek 2ok AV EEEE 1.19 ODsod} 1.67 ODen™-
iz thH) 90.2%9} 94.4% 9] o) Al 4SS B3
o, oflghg Arkeke- 2.18 gL 3.95 gLE tIRT ]
88.4%%} 88.5%2] “Jtl olekE ke B oEA, thx
T T AiE @ad9] 5t SRR 3A A
Bt ok Aol Frkshe ¥ B3l

15-25 gl ¥%0 ¢ SeHIES SAY0 T AMESH 7
-, 1.32-1.09 ODeo?) ¥4 47857} 3.41-2.33 g/L ofebs
Aabds HRom g s5rt SUMETE AT
o] T7Vek= S Bt FYUS Y crude glycerolS
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AREEE Z-F, 1.74-1.75 ODgo ) 74| "985 5.48-6.19 /L
o] e AFES B o o] Fr) S5 )
2} A ARk} ofeke Aaleke] Z718ke Bolel 2= Q9]
ok HARE 10 gL ol = 22219 Hjok A7) Hhmﬂ L
2 o, ol A E A 4 %u 371501 10% olskz
32%*61 Wodhe @R B W, o SYAIE 7Rk A8
oMo}l FAKHA Al 3R EASEAIT crude glycerol )
ol RSl o8] Asjdde] A aut ARw A
o= foE

Ito & [16]> FlEAlES o84t ollghg 4l 44 Ak
ATE Tl olke WS o242 & TA}G} 1.00 mol
(ethanol)/mol (glycerol).J TEHE BgloH, A AR O]

L—Q TEH E} 2 1.12 mol/mol 2] 8- Kt} o]8%
FENT} = *g"}&cﬂ LRt Rl s Ilﬁlﬂﬂi ] & 5

?lﬂxl B ELB:-‘?J (carbon source)?} ¥ (electric source)

o] G| 7Fsrd or ¥ Avel AR g Barsilnt.

10 25
Prduction of ethano! {crude glycero)
71 Prduction of ethanol (pure glycerol)
- Cell growth (crude giveerol)

8 —a— Cell growth (pure glycerol) F2.0

Concentration of ethanol (g/L)
Cell growth (OD su)

Initial concentration of crude and pure glycerol {g/L)

Fig. 4. Comparison of ethanol production and cell growth at different
initial concentrations of crude glycerol and pure glycerol after 18 h.

AT A2 7)) Hlo] Loleke: A 9]
2 s1ejsjo] 27) pH, 27] 2

255,99 FF Y 2]

4l %.0) W87} Enterobacter
aerogenes KCTC 21902 437 4l of|ghg A} 7HekS mjo}
8131 crude glycerol 718ES] oflgkg AAto] 7h538ke Bl
itk 27] pHe oi‘_% AEZ Ui9le] pH 2} S

e Arke] 1A g A AR s @ El
slom, Hze 7] pH 2 5300k 15 gL o2 &l

AIE FEM= E. aerogenes KCTC 21902 ZR)A41E 413
58 AskE Qe oflehe AYAkEFe] A ul A e
ZH8190T}. 919) BT} TS ofleke A W ) A
7ol| g Al S8l wiEhe 2 Crude glycerol
713e] ollghE: AARS: FR1gho =X HFEAE 7k ofgt
= ] 7S AlEnt

AL

2 Y afaey|ed e rAde] 72A7A]
(2010-0002313) W 335 M) A7 <A (032-
091-019)2] A& o} FafE|glom, oo TALE=HUTh
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