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B E: xR TEAMREA Clostridium acetobutylicum L7 X BER F it BRKBRAF TEATTMIMA. FREREN,
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Butanol production from hydrolysate of Jerusalem artichoke
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Abstract: Butanol production from acid hydrolysate of Jerusalem artichoke juice by Clostridium acetobutylicum L7 was
investigated, and it was found that natural components of the hydrolysate were suitable for solvent production with the species. With
batch fermentation using the medium containing 48.36 g/L total sugars, 8.67 g/L butanol was produced at 60 h, and the ratio of
butanol to acetone to ethanol was 0.58:0.36:0.06, which were similar to the fermentation with fructose as carbon source, but both of
these two fermentations were slower than that with glucose as carbon source, indicating the fructose transport of the species might
not be effective as that for glucose. When the total sugars of the medium were increased to 62.87 g/L, the residual sugars increased
slightly from 3.09 g/L to 3.26 g/L, but butanol production of the fermentation system was improved significantly, with 11.21 g/L
butanol produced and the ratio of butanol to acetone to ethanol at 0.64:0.29:0.05, which illustrated that an excess in sugars enhanced
the butanol biosynthesis of the species by compromising its acetone production. When the sugar concentration of the medium was

further increased, much more sugars were remained unconsumed, making the process economically unfavourable.
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Clostridium acetobutylicum L7,
112 L4 /H
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KA 2 Y BRI T i BB AR AL
1.2 EWHE
1.2.1  BFREH T

HABE R (L) HWHRE 50, LMk 2.3,
K,HPO, 0.5, KH,PO4 0.5, MgSO,7H,0 0.2, 4%
FARWIR 0.01, AWK 0.01, P4 pH 5.5,

RBEREFRAE (/L) RbE 50, oWk 23,
K,HPO, 0.5, KH,PO, 0.5, MgSO47H,0 0.2, 4P
FEEWMR 0.01, AWK 0.01, ¥I46 pH 5.5,

GV R R T 2 pH {H 2.0~3.0, #hAKBHE
TR 4ERF 60 min {358 7K % , ] NaOH 4755 /K i i 22
pH 6.0, HIFS352E /KM (Hydrolysate of Jerusalem
artichoke juice, HJA), T 121°CZ&75X KM 20 min,
VoA ORAF A8 o R THE 25 e 1) 4 S T 7K St RO e 3]
JIT e BB R, S It B 77 3 P R AR R A0 B LAt
Ay, R/ B R 1 How i pH 5.5,

DL R LA AT 4 121°C P 28R KA
15 min,
1.2.2 B

BFE AL I5 B 1 mL ¥ A8 B Rh 3 T
20 mL FOKBIAAE G AR 5 Wb KA B AR 2 1~2 min,
FEIREE 37.5°C N IRAEEE SR, AR pHIE,

PR BT LF TR AR L 109 145
HEFP T 100 mL & R IR A, SEIC A S 10 min,
THRE 37.5°C, 150 r/min $EPREG 37, #14f pH M 5.5,

KIERER SR 78 2.5 L KEEE (KF-2.5) HifffT,
PR 1 L3R 10% (V/V), $iFE5% 3 150 r/min,
RWERIE 37.5°C, WIbh pH 5.5, HER G A & BEE
A TC A 30 min, DAPRTIE & BEFE N 1 DR SRS
1.2.3  #9E

e BT 5 2R ) DNS 300, St 2 A VR )
BRI AN R W, A o T (e 4 2 W s 0 T
gl LIROWE RS 3 TH K i R B IR A 15 7R B
PR, O o il 26 (s TR AR v sl R
OAEFRSE, BGE YH R LVEW 1 mL, A 1 mL
K, FHIIA 1.5 mL DNS 3&L5], #&25), Wi7KiA 5 min,
ST R HI B E I, 2K E 25 mL, #2457, 540 nm
IR, AR AR . AR AE 26 TS AE R

TR 5 ST BVEURE 0 R B R 5 R T R
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il S 36 2 55 %) HR 4 e A ae RO S0 25, AR
IRCIE TN G, LR 20 0 A 77 B 52 . A e e 3 3R
FRAEY RN E TR . B 2.5 mL KFEBE L,
12 000 r/min #.L> 5 min 5, FHAE TR 2 K,
TE 85 CTF TR HHE,
1.2.5 BRI E 754

AR A3 HP-INNOWAX(19091N-233) il 5&
WAy, FID Kpillds . Gk a0r. B4E 65
¥ (30 mx0.25 mmx0.50 um), FE¥E 100°C; FEFER
J& 250°C ; FID A5 I #5 B 300°C , H, i # 40 mL/min,
22 400 mL/min; 2R, N, i 30 mL/min;
FERE 0.2 uL, 41HEE 50 0 1, SRITAbRIEE &, AR
Wk 5T

2 BERG%®

KRG IR I T C. acetobutylicum = 1%
FVEF= &R 2 OCHEZ . Tl K A 5
BT B, 1% MR e ZOR KRB B K 2838 )5
Vo HV B A el B B RT A1, JC 5 S AT 45 32 455 o
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B35 K A WA Ry 3 G ) e 75 S A X 7P e
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21 REMFFATEEFHZN

WINC TR B TR A=, I 2R e 2
C. acetobutylicum 35570 RIFAIR . 38 1 iR Ry i
FRHEHSIN 2.3 o/L LRI R B SL IR 25 0 .
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R, R TR AR, SR IIAEE T K AR R IS
WIRESR C. acetobutylicum L7 M7= T BEARTE ZLUR N
A
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Table 1 Effect of nitrogen sources on butanol production
from Jerusalem artichoke juice hydrolysate by C.
acetobutylicum L7

Nitrogen Initial Residual Acetone Ethanol Butanol

source  sugar (g/L) sugar (g/L) (g/L) (g/L) (g/L)
Ammonium 5 ¢ 13.07 309 044  6.00
acetate
None 46.09 4.99 4.11 0.47 8.07

22 PREREFREBMEMENFFTKBRTE
=l -0

e 2 R N A AT R K R S AR SR
PR AV AEY R XTI F A= m . v, 5REBIX
PFR2E A 2 A IRAH AR EE , AR B s s 2 1R
BN, B REW, R KR AE N
JEWIEEFE C. acetobutylicum L7 4= 7= T BEATF BTN
XA AEA =

AL, SRR A B A A M E AR,
{H 2 LA /2 C. acetobutylicum L7 £ 3384 7= T BRI T
B, O BT R 7 AR A A R
23 FHFETKBRARYEBEET B

B ST KR IR LA RO R 25 W Ay S o3 1Y
R, HARGBMEAE . WA KRS H
IR LI 1~5 FiT7R o

Table 2 Effect of growth factors on butanol production from Jerusalem artichoke juice hydrolysate by C. acetobutylicum L7

Vitamins Initial sugars Residual sugars Acetone Ethanol Butanol
(g/'L) (g/'L) (g/'L) (g/'L) (g/'L)
0.01 g/L o-aminobenzoic acid 45.14 2.67 3.90 0.94 8.93
0.01 g/L biotin 45.78 14.20 2.51 0.59 6.39
0.01 g/L o-aminobenzoic acid + 0.01 g/L biotin 44.99 13.95 2.84 0.59 6.40
None 44.42 2.70 4.87 0.79 8.88
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Fig. 1 Time course of residual sugars during butanol production
by C. acetobutylicum L7.
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Fig. 2 Time course of biomass during butanol production by
C. acetobutylicum L7.

121 —e—Glucose
- —%— Fructose
10+ —&—HIJA
~ 8T
S
=0
§°0
a
4t
2 -

0 8 16 24 32 40 48 56 64
Culture time (h)

El3 RETEREAEESTE
Fig. 3
acetobutylicum L7.

Time course of butanol production by C.

Journals.im.ac.cn

77 —e—Glucose
: —=— Fructose
6 —ajA
~ 57
by
g
8
<
L‘ 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1
0 8 16 24 32 40 48 56 o4
Culture time (h)
B4 AETEREXEBEE=RNIRE
Fig. 4 Time course of acetone production by C.

acetobutylicum L7.

1.0 —e—Glouse

—=— Fructose
08t ——HJA

0.6

0.4

Ethanol (g/L)

0.2

0 8 16 24 32 40 48 56 64
Culture time (h)

Es5 ARTEREABESCE
Fig. 5
acetobutylicum L7.

Time course of ethanol production by C.

L AU, DUAEAETT K B R I, B
FEIEARE 5 LA MR R Bl 50 35 37 Bk — 3, ﬂﬁ%”ﬁ
IK AR A W 1) T B4 G 2 bl (HAE RS SR A%
2516 hinf, BRI A%E%(@m LA
2 AR D B 5L 1 5 7 R T R R LR BE RN A8 S0
IK AR S i R P B R R, IR P T RE T AR K
WA, WK 3R, 234 h TEWRERRAH
9.73 /L 17 LASRMEFNEG =T WK A W Ay B I 1 5 77
B, TR SARX S, KR 60 h T REIR LS5k
B KH 8.93 g/L 11 8.67 g/L, M C. acetobutylicum
TE T W5 BT B 2 W A 38 L SRR P @Em
A R M AR 45, 40 BT AE AR i A2 8
I3 K B B
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NEF R C. acetobutylicum T B & Z Y3
A, B4 FE S RS as R, SRR
5T REA BRI . DU A RE R R, e e Wk
4391k 7.32 g/L F110.92 g/L, T LU IR B, 4
BIA 6.75 g/L Fl 0.73 g/L, LI KGN KD
mF, 450k 5.41 g/L F10.83 g/L.

TR DR BE ) LA R A T KT
W EFARbRZ —, KL T R, HA
PR AR S AR bR A . H AT E P AR SR E= A
W mF R C. acetobutylicum K, HABEL ST
Bt NP AT CBER LU — MR AE 6 13 1 1 K, T
AP G T B AR T DL T EE . IR A 2
FeBIAEREAE 7 22 0 1 WKFo 35 HOK IR R B
R Blnge 3 fizs, v W5 SRR R 1)
IR BEAR LA R, (H 58 A B IR AR L, T
W LU AW ARG, 17 PR LU 9 BT i e o (EAS TR R,
X3 PO RIBR IR 5 55 5 R BRSO, Z R L )
SEAHAR], BT Y 5%, AR T
VEARGE 25 SRR L2 10% , R IEAEXT X

— IR HAT T
24 BIREFFTKBRABESTE

TR TR R A A RN, SRR REA AT
Yo BEAG, S T R AR 7 RRARE Y RN R R
TRV G WER L, S22 = A TRV T vk B2 i T 2 2%
o 2 4 FroR A 45 T K R T S TR0 i v B
P AR 7 TR S B A5 R, AT DL MR R R A
62.87 g/L B, SR A& FERT A IE K 5] 84 h, [H T FEyk
JEM 8.67 g/L HINE] 11.21 g/L, AkLEEE m ik i 2
95.63 g/L B, AR T BV FEREATYE I, ik 5] 12.56 g/L,
EL L 2 e R R B L 28 i 3k 37.00 /L, 2™
HERPIRAS . 3 — 71, B I v B A B
T R T LA, R A L A8 R L
R K Tt ML A R T C. acetobutylicum L7 fifl
PRI A PR 5 B2 10 T B GG AR R, EDR it o
AL E R IR 2%, 0T RE A 7 0 SRR AE
T LGN & T PRSP PR A 0 8 T B MERE . PR,
DEA IS F5 LT B B, (o A o 7 DA 5
R TR Ee], Xt T R A=

R3 WFETKBRE. EEEMRBEENRIFLET BT LR

Table 3 Effect of different carbon sources on butanol production by C. acetobutylicum L7

Carbon Initial Residual Butanol Acetone Ethanol Total solvent Butanol/Acetone Y Butanol/Sugar

source sugar (g/L) sugar (g/L) (g/L) (g/L) (g/L) (g/L) /Ethanol (g/g)
Glucose 51.78 1.77 9.73 5.32 0.92 15.97 0.61/0.33/0.06 0.195
Fructose 50.38 2.59 8.93 6.75 0.73 16.41 0.54/0.41/0.04 0.187
HIJA 48.36 3.09 8.67 5.41 0.83 14.91 0.58/0.36/0.06 0.192

Fz 4 C acetobutylicum L7 ZEBEREEREFH T TIRKERETEE

Table 4 Effect of initial sugar concentration of Jerusalem artichoke juice hydrolysate on butanol production by C.

acetobutylicum L7

Initial sugars Culture time Residual sugars Butanol Acetone Ethanol Total solvent Butanol/Acetone
(g/L) (h) (g/L) (g/L) (g/L) (g/L) (g/L) /Ethanol
48.36 59 3.09 8.67 5.41 0.83 14.91 0.58/0.36/0.06
62.87 84 3.26 11.21 5.01 0.94 17.16 0.64/0.29/0.05
95.63 89 37.00 12.56 4.46 1.20 18.22 0.69/0.24/0.07

3 RY JEORHFAE, FEARAE ™ AR

B ARV K IRRAE N C. acetobutylicum L7 $537 4
PR T BERRY R TR B 5 DA E B R 0 35 77
BEARML, HOHRARE IR 0 v] LA R B AR KR T
Pt 2B P2 A AR, A BT T A 7 e R T 4 il B

TTERAE I B4 B R AU A e o BT
A A T LN T A T2 — SR T v v K 1
TR, kBB TR, AR, TR
AT P TR LR G, 1A EURHEAE . A R
BHETEE, MR, ot 4R
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