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Production of Acetic Acid from Cellulosic Biomass
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Production of acetic acid from cellulosic biomass by Simultaneous Saccharification and Extractive Fermentation (SSEF) was
investigated. The homoacetate organism used in this study was a strain of Clostridium thermoaceticum, ATCC # 49707. A
batch operation of Simultaneous Saccharification and Fermentation(SSF) using « -cellulose at pH 5.5 and 55C vyielded 40%
conversion of cellulose to acetic acid, while a fed-batch SSF operation produced a maximum acetic acid concentration of 25
g/L, with 50% overall yield. In-situ extractive fermentation to reduce the end-product inhibition on both bacteria and enzyme
was carried out. In a batch SSEF using 200 g/L IRA-400 resin, acetic acid concentration reached to 23.9 g/L and acetic
acid yield and productivity were observed to be 48% and 0.20 g/L-hr, respectively.
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ZAEA FF= FE AZE Clostridium  thermoaceticum
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g WAdE o)) AsiA 3% sodium acetate’} 7L )

A2 3dvich Alul g sk
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solution [9 g/L KHCOs;, 14 g/L K:HPO,, 1.1 g/L KH:PO4,
@ Salt solution [lg/L (NH¢):S04 025 g/L MgS0, - TH;0,
0.04 g/I. Fe(NH.)SO04), - 6H:0, 0.03 g/l CoSO, - 7.5H,0,
0.0033 g/L Na,WO, - 2H;0, 0.0024 g/ Na;MoO, - 2H,0,
0.00024 g/ NiCl; - 6H.0, 0.00029 g/l ZnSO, - 7TH,O,
0.000017 g/L. Na;SeOs, 0.1% Resazurin indicator Iml/L}, @
0.25 g/L Cysteine - HCI - H;O, & 7]1&[glucose H=E ¢
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AA37] AaA 19 57 722 B 121TellA 2
£ B G COn LS Belel Tl Lok
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thermoaceticumS 7F8te] 55T, 120 rpmolA 36A}7H=0t
s Fatalch. Amde 250 mle} WZEElazeq 90 mlg)
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Bioflo MellA Hujokd 10%E HESD CO; 7FAE F904
FIAA FaElon, oluf pH 24 498 5 N NaOHE A}
&3k

%ﬂii% Trichoderma reesei Yo7 23] Alg
20l

Ad8 & Celluclast 1.5L (Novo Co., Denmark)z} f’é
Z%) Novozym 342(Novo Co., Denmark)E A}83}gt}.

459

Celluclast H 4 AME-Al Aspergillus niger T30l o)3) Ay
Novozym-188 ( 8 -glucosidase)S 4:19] 8]& T E83la] A&
A} Celluclast 849 FAEE 95 IFPUMmI ©)gic). 23}
AL 250ml Erlenmeyer flaskol|4] 100mle] 0.05M citrate
buffer G-Mell 5 g g-cellulose?} |2 ko] FAE Fr)s}
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&3l §7H4 SSFAgME 3¥4 SSFE 53 713
A8 2Aste 4L 1% (wnd EQ8kgoh

SAEs R EU 5 (SSEF)

SSF 3% Z4he HElAAsY Y8ld ol m3krx
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3 2t 9A A" SFeE FASE 53 AF® T 25
N NaOH &0z £X7 £3589 wriz] AL 3lgct o

| AHHel pHYL Tol3t2 & W7lA] ZH5E AHsqarh
ﬂ%@ii a9-g {3 “ﬂ%—%i AHg & diaAelE A
247 AZAHL FRAFRAH L 40T A 48X E9F §
Lt g2k F2E a9 % g Rl FFFE 5
A EH 2 acetic acidE A AT F 2.5 N HCl £lofjA
Byl =289 d7xd @FEdG oleku@sAE o4t
SSEF L Waxo] 200 glLo] $x& 718 % SSF9
e oz Pt
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714t (acetate) B FAl¥-(glucose, cellobiose, xylose)
HPLCS} a4 (45AF 259 248 Ahog BMy
t}. HPLC (Waters 2690) isocratic modeol*] BioRad HPX-
AHEEIG o™ o] FA-2 0.005M H.S80401%.0.
65T ©JR3 #£& 0.6 ml/min ¢}HTk

87H column&-
™ column &&&
Zu o pE

Acetic acid 8§

B2 Ao ALE3 C thermoaceticum®] ZAYANEAD S =
Ah& A3, Figure 1o VERG bls} o] #39] A#A] &4
o] A== growth-associated HENQ] AL & 2= glgich ub
EHEET T UFY AMEVIER FRHE JUYEo] B2
B A9 acetic acid Al FEAEE lactic acidr} AH=

A= BEEY,

ZUEES} BLY WL FAo] EARLR s
Asiie 2QUEFT YL HY BARAC 4
Sk, Web # APlHE BAH 2 RN pHS}
£x) 9% AU, Figure 2 pH 70004 Lxo]
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Figure 1. Typical acetic acid fermentation by C. thermoaceticum.

Operating conditions : pH 6.5, 55C, 20 g/L glucose.

25 -
—— 50°C
—— 55 %¢

20 Glucose —h—- 60°C
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] 20 40 60 80 100
Time (hr)

Figure 2. Effect of temperature on the acetic acid fermentation at
pH 7.0. (Substrate: 20 g/L. glucose)
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acid ™4l lactic acid F¢] ¥AHEo] AHHE= AL B
o} WA pH 559 A Ao LEE7)d) acetic acid F
o] FA et AL 2716 AAPE F4HEo] acetic acid
2 ABYR7) g8 Ao wodc)

ZAFd RlE 24k AFEE 2AVE) HEte 2
719} A4S AP T HEAHEES Ik Figure 4%
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Figure 3. Effect of pH on the acetic acid fermentation at 55C.
(Substrate: 20 g/L glucose)
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Figure 4. Effect of product inhibition on acetic acid fermentation at
pH 6.0 and 55C.
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100 — -
] Celluclast 50°C
v772 Celluclast 55°C
S Novozym 50°C
80 ~ B8 Novozym 55°C

72-hour Digestibility

Figure 5. Effects of pH and temperature on the enzymatic
digestibility of a-cellulose. (enzyme loading : 50 IFPU/g cellulose,

substrate : Swi% ¢« -cellulose)
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Figure 6. Time course of saccharification at varying enzyme loadings
at pH 5.5 and 55°C. (substrate : 5wt% o -cellulose)

552 ZAMERAT webA olh 22 2% 4 pH A
gA4E Zhe R4 NrEEAE F4sIHTh Figure 5
Celluclast 1.5L7} Novozym 342E AlE3te o -cellulose?] 7}
FEHAYE Y3 A2 M, 2L ¥ pHY wE F3}
=5 Uehd zojtk & A3 "l (&= 50-55TC, pH
5.0-6.5), Celluclast A& W& 2% (50C)9} @2 pH(5.0)
oA =& A& YehIT: HFHe) Novozym 342 EAE
pHS Fo] wmddct vt Aoz Celluclast Hi
9] #&Ao] Novozym 342 AAd| Hdle 3 RHeZ YEl
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ojfith et 2AbHES} 2 2HUE nFH pH 55
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Figure 7. Effect of acetic acid inhibition on enzyme hydrolysis at
pH 5.5 and 55C.
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g§38 ez wgd 4 ot Figure 62 pH 5.5} 55T
A Fhe FQFEd g FExE FES Aeg, o
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uehd] HAHa MR EAS 2AYNTAEY anFoR
SE37] HIME BHY 52 2% (-600)9 F49 pHAA
HHx1E e Havh avEnt dey 9@ ELTd
WA glucosed] F2of wE A& wfFo] vluH
W 4o #avt Q7EY, SSFolME AavteEs o3t
o A glucose?t T il ARFOZE glucose &7
o) Zsin) weby inhibitiono] PAE|o) EAAETE 7k
Al & & Folth

Figure 72 A A3l A acetic acidel] o3+ &9 A3z}
28 ZAE AdAdeltt 712 5wit% a-celluloseE AME-
P %7] acetic acidE 0, 10, 30, 50 gL ¥ H7}3l9&
o] WSAIZr ME glucose FAEEE ebdl Holr} o]
9 acetic acid®] FE7} ZIFRES 6A)7F o] THE HAO

o] AF3] Agtsle Aoz yeiuith

SAIG 3| &(SSF)

GlucoseE 7|2 Z 3 AL EAEI AATIAFANA &
3 whe2x 9 pH 21& 188t A3 55T} pH 55
o)A SSFAES A3}t Fgure 8o tEIG wrelgol,
SSFe] Z7)dl= glucose HZ o] A led ol &7
SSFoll A #529 AARAoZ 235l glucose?] AR} =g
A AFHRA7] wFolch o]F o= glucose BAtEEr) A
FAY F=AAUA7}L HSATh SSF HHE 48471 o} FHEE
glucosed] FE7F A doz ALY £5T4 oA
o AR HLF glucosed] Tt W AEolA Y& SSF
o] BAo] yehiA ¥ttt A o] Ade SSF AR
O 54%38le HaE 2AZ7 498 fABlIta B 4
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Figure 8. Batch SSF with 2wt% ¢ -cellulose at pH 5.5, 55T.
(Enzyme loading : 50 IFPU/g cellulose)
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Figure 9. Fed-batch SSF with @ -cellulose at 55°C and pH 5.5. 50
IFPU/g-cellulose maintained with each biomass addition.
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EA2E FArHtAen, 2YFIe 1 Lojda wezRze
55°C, pH 5.5, WHMEE 120 pm o|2ich &714) SSFe] 7]4
E91o 352 SSFo| AE melsle] 48417 Ak o 24
AR 1%wi)) 1S RO FYE wEe A
|35} ojw) &49] drle 50 IFPU/g-cellulose® %3}
$.o™ mineral#} yeast extract = 1X¥jE B.E3}Qr}. Figure
99 eRt dlel 2], glucose EE7} 3 E2] SSFol| H|EHA

oA wAEe] &Fo] A
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Figure 10. Adsorption isotherm for acetic acid using IRA-400 resin
at 40C.
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£ 25 g/Lolde] acetic acid FEAAE FA4L §x3ie
Re &+ AUk 28y, {714 SSF whgollA 2AAEA
.
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3]'7] Folt}h wElr SSFE ftzog =337 HEHHL
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SAZE =S5 (SSEF)

SSFEAe] AMAEE A7 Aside AR acetic
acidg& AAsts F&o] a3 Aoz APEHy o2 Y3
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FAAE TUAE o] LnFLAE AT He WHEY
357t Bolatar, FAE Al A AHEE F gltke Ao
ol B Ao H8a1%t) Figure 102 Amberlite TRA-400
ol u g9 FHEFE YePd Aolth Acetic acid &
0] 83 mglg dry resin® 8 Uehton pHy} 848 3%
deol U EokAe A%E eI o] 2udsAE SSF
S AHEELY] M T EHEFAYo]l B3 IRA400 F
Ae] Be-e FEeed R21TAME 29 WHe 74
A e AHE 72 ) SSFEE WA E acetic acidE £
A S| et SSEEAo] BiE o]euwBFAE Hut
& +2% SSFSSER)H @S 3% 29% Figure 119 v}e}
WRITE 120417kl 24 2] WER Z0] acetic acid FE7} 12.1 g/l
0|23, IRA-400 %o &3 acetic acid?] FEE 11.8 gL
o]tk IRA-400 Ao} FH&P acetic acid®] FE= SSEF
B ¥ 2§ 25N HCl §40 2 g2 2439t o
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