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2,3-TZBF 69 &4, £ 0~30 g/L RESCEATIRG 2,3-T 8569 =&, KB =8B o E 10K E TH HMF
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Effect of acetic acid, furfural and 5-hydroxymethylfurfural
on production of 2,3-butanediol by Klebsiella oxytoca
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Abstract:
hydrolysate, we studied the effect of acetic acid, furfural and 5-hydroxymethylfurfural on production of 2,3-butanediol by

To get the tolerability and consumption of Klebsiella oxytoca on major inhibitors in lignocelluloses

Klebsiella oxytoca. The metabolites of furfural and 5-hydroxymethylfurfural were measured. The results show that when
acetic acid, furfural and 5-hydroxymethylfurfural was individually added, tolerance threshold for Klebsiella oxytoca was
30 g/L, 4 g/L and 5 g/L, respectively. Acetic acid was likely used as substrate to produce 2,3-butanediol. The yield of
2,3-butanediol increased when acetic acid concentration was lower than 30 g/L. In the fermentation, more than 70%
5-hydroxymethylfurfural was converted to 2,5-furandimethanol. All furfural and the rest of 5-hydroxymethylfurfural were
metabolized by Klebsiella oxytoca. It showed that in the detoxification process of 2,3-butanediol production using
lignocelluloses hydrolysate, furfural should be given priority to remove and a certain concentration of acetic acid is not

need to removal.

Keywords: Klebsiella oxytoca, 2,3-butanediol, acetic acid, furfural, 5-hydroxymethylfurfural, inhibitor
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s BRI MR BEZER . FRAe . kR
25 K2R AT R F ) AR PR K
O EORFEFF. A, HREARSE LR ™ 2,3-T
TR AE RS PSS e W T 3 B
HFUR | CPARERMARTTRAMN, KFEHTT &2
AL BRI A A 2 A 2R RN A R R AL R B
Wi R 1 7T LA OB R 4P e 2 b )R 2R 4 R
SRR HRE (LAACHE R 32) , (EER K i ad i v iy =
A 14— 8 i PR A 5T T S A KA
FEPERE, TZA MR . BRI HMF, JfH kb
PRAUE (ANTIUARFRVELRE . pH . BH[)) ™ E R

PEYI AL ORIV, SR . BRI HMF v
JE L2510 0~10 g/L ., 0~2 g/L 1 0~2 g/LP,
Xof T2 2 2 3 R 7K A VR v 0 0 R A B 1)
ST N A —E ST, TTFEESEIEIE T 2R ef
2 K YR v U0 A0 Xl 2 T B e R A 7 A
PR, R34 R TR T TR 5 MRS 1) Jo v
JEOr SIS 1 g/L Iy, EIVE g s, Ead
PR A AE R KRR R G pH {H 4.0 3] 6.0,

A RO 2 % e I A skl VR R v B 25
WESE T T i Py %o) 22 BRE T Bk IO W e TR 52

P 5 B IR . O O . SBEFELIR,
ZUBEIE B L I 52 B2 301 0.5, 0.5, 1.0,

30.0 Al 8.0 g/LU . W RS X 42K BB
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RARREE, 7EA ST, BRSSP A R R
TR ™ A 1 3 ARV BRI , I Ak 2L S A
BEIR . HEMDBERR 1] REARZEIE A TCA 183K, #Eim
SE SRS (0 52 AR et L AT i IY) FH S PR oK St
Y e b S B AR O 2 SR U e
T R B A LR X A 0 1 A 4 B v )
FEPIHGEAR D, ASCLAARKE R, 5T 3 B
SR P IR v B A QR A A 7™ 2,3- T Y
SO, FEXT PR T TR, R A e A
L AR AR T 2R AR AR 5 L B K
NI IIRAFAT T T —E 56

1 MRET %

1.1 BEMRIERE

PR v B A ECH Klebsiella oxytoca ACCC
10370 Hy H [ Rl A W B b O A B PO
(Agricultural Culture Collection of China) $2{it,

BRI Bl 15 /L, SAALEN 10 g/L,
TR MY 5 g/L, M 10 g/L,

Fh 7553555 AWE 30 /L, (NH,),S0, 2 g/L,
K,HPO, 4.4 g/L, KH,PO, 1.3 g/L, FHFEZH
1 g/L, MgSO4+7H,0 0.2 g/L, M JICH 1 mL/L,
FeSO4 ¥ 2 mL/L. i & JCE Hl FeSO4 I 2
SCHR[15]0

REERE IR ABE 60 /L, (NH4),S042 g/L,
K,HPO, 0.9 g/L, KH,PO, 0.26 g/L, BELEEH
1.5 g/L, MgSO,7H,0 0.2 g/L, R ICLE 1 mL/L,
FeSO, ¥ 2 mL/L, #§¥ (418 0~50 g/L,
fif 0~5 g/L 5{ HMF 0~9 g/L),

1.2 EXRREEAZE

WAk T D PR 32 A AT 100 mL R 115 5231

500 mL =i, FERKTLL 30 C.
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150 r/min 50F T 3535 14 ho BRIGLL 5% (VIV) 1Y
FeRp i e AR EdG SR R I, KIETE2EH 150 mL
KR FRFEEAY 500 mL =M T, Al
935 °C . H%3E 150 t/min, KEEWILE pH A 7.0,
1.3 SthA=*E

S5 5 v 2% ) ok B SR R RIOHR AR 3 ik
(B HEA T LC-20A) M5E, (M5 Aminex”
HPX-87H ## (Bio-Red ZE[H), i 65 C, #ish
#H 0.005 mol/L H,SOy4, Jiti#H 0.8 mL/min; #illl
RISl RID-10A Fil SPD-20A, HEFEHR: 30 uL.,
AKBE . CIRA 2,3-T —FEH RID-10A £ #345
W, BEEEF HMF ] SPD-20A 60 #5460, A5 7%
25 AR IR AN 2,5k e — A st FH A €
AL (GCMS) EPERN, F SPD-20A kil ¢
EmAI . AR HUORIRE R ASE 2~10 h B
ODgoo [HITH S,

2 HER5

21 ZEMFERERREAELZEARZIN

P 60 g/L AME R AR , 41 A dsin— & &
MR, 1R SRR EE 4359 0. 10,
20, 30. 40 F150 g/L, KEEMILE pH H NaOH
PR 7.0 2247, TSR BE I LR 7 IR B
A SR A & BEsg i o, S5 W% 1,

MW 1T LUE Y, B ORI R m,
2 vl B A TG R Y L AR RHCR I R T, 5 A
PRI AR EE , 24 R E R 10,2030 .40 F1 50 g/L
W, A A K R BN T 15% . 38% .
63% . 80%H1 81% . LBRMWIE N 40 g/L BFE L
FEEAN IR, TR I KRR 2,3-T
B, Bl LA, BiE SRR 0 33|
30 g/L, 2,3-T = iR i Ok HLA R A 2 4
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&, 30 gL LRRWIET 2,3-T MR HRLF
0.4 g/g, NIILIER (0.5 g/g) 1 80%, {HEZ R
YR P S A TH FE AR AR, PRt e I [
B2 SE, AMESE S THFERT R BELEH, KA5HIN
14h, 20 h, 28 h #1141 h, K 1A A 1B KA
WG E BRI AN 2,3- T A EAR L
H DL BBl L, R e 7R AR TR A i A2
30 g/L IR, HARMR BEYER A R T 77 R v
TR AR K BEA: ™ 2,3-T 2B, HLR
X AR A A A 2> fift A eI R RE G o PR KT e
A TR TR A W ) 2 ML AR AR GG, T i
B N BERARR 56 AL A, TR Mk fed, CmEsL
PR IR | Tt LIRSt AR A B0 s D il e O
HEAE, X SR R R 7 s,
budA. budB Al budC =AFERHGiL, BRI
TEXF RN T ek A et R 1 B e &
B, B AR A 2,3-T RS, fER
Tt e, B CRREAL N QIS 548658 LAl
W, ARl 2,3-T Y ARSI A
I 2 TR AE K e B v 2 Nk (B 10),
A 3 gL UL B SRRy, X & LA
T 2,3-T #2225 g/L DL By 2,3-T
TR D3Ah, CIRAAETEI R T EIR R A,
et FH T2 77 A W i A AR AL X U2, AT A X
WA TA " 2,3-T 2B
22 HRENTEEEHRKEAELAERNZIN
TS 2 2 W Jo v 19 22 £ 2 3R 2H o3 7R BUAIR
PR FE (IR T 3 g/L)FIREE(IK T 200 C) T K fif
e SO, R p SR B K R A O R X
M2 v B A QT A A W gk vE R, JF BREE
VR FE 8 T g AU A FH S ] 48

—o— 0 g/L acetic acid
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Fig. 1
batch fermentation. (A) Concentration change of xylose.
(B) Concentration change of 2,3-butanediol. (C)
Concentration change of acetic acid.

Concentration changes of each substance in
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AL L 60 g/L A R R TEIEY) , 535 Il
PR S O — 2 i PRI , T A% T RO T 0 e vk
FEAYAI 0. 1, 2, 3, 4 F1S g/L, WFFERRREXT
FERR LT AA R R A 2,3- T R, K
TR [E] Ay 24~45 h, ZEFUNFE 2 FiR,

2 2 AT, ANUSIBERERS, 28 24 h KB
2,3- T TEEMRIE N 16.33 g/L, B K EF N
0.563h™", AMHHFEH RN 4.88 g/(L-h), HHAn
1 g/L BREERT, PR Lb AR 3R A 2,3-T - i

AZFm, (AARBHEAFEER T R ., A ]
HER TR 7 he BUIN 2 /L BEEERT, S5ANE
BEREAR L 2,3- T R A2 52 m, (H A K
RN 41% , RBEHFEHEF NI 47% . 28k

F1 CEHEMNTFRERRAKEAELRNZNG
Table 1

RV R 3 g/L B, TR R Z B E S, A
KBS 45 h B 2,3-T A B A AT Ok #
16.41 g/L., BRESVREIEINE] 4 o/L B, WiARA
WG IR AR K, B R ER] 45 h IHAAE 25.24 g/L 1)
ABEGRE , UE=T 7.86 g/L 1 2,3-T %, &
PRSI EE RS R Z 5 o/L B, WK BS54l
i, HAEREEN 0,

A LA BB el L, R v TR A LG AT i A2
4 g/L WOMRRE, (HREMEEOR BRI, K EERTH
B AE . Ji5h, fERBES BT, R d AL
PR ADRE RGN, RRFERT R 12 h B A
ANFIRERE , I HL A W R R 1)/ i (0 B R A
25T (] 2). BREETERA: W AR

Effects of acetic acid on 2,3-butanediol fermentation from xylose by Klebsiella oxytoca

Acetic acid K. oxytoca specific

2,3-butanediol

2,3-butanediol Xylose consumption

concentration (g/L) growth rate (h ") concentration (g/L) yield (g/g) rate (g/(L-h))
0 0.534 15.97 0.28 431
10 0.452 20.30 0.35 3.00
20 0.331 22.41 0.39 2.11
30 0.200 22.81 0.40 1.38
40 0.106 0.00 0.00 0.09
50 0.104 0.00 0.00 0.05

x2 BEMFBRREAREARERENZITE

Table 2 Effects of furfural on xylose fermentation by Klebsiella oxytoca

Furfural K. oxytoca specific 2,3-butanediol 2,3-butanediol Xylose consumption
concentration (g/L) growth rate (h") concentration (g/L) yield (g/g) rate (g/(L-h))
0 0.563 16.33 0.28 4.88
1 0.565 16.37 0.29 2.95
2 0.234 16.59 0.29 2.27
3 0.116 16.41 0.29 1.20
4 0.089 7.86 0.24 0.73
5 0.000 0.00 0.00 0.00

http://journals.im.ac.cn/cjben
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Fig. 2 Concentration changes of furfural and metabolic
intermediate in batch fermentation.

BAAAICHIE , BRRE S el a b R, 154
it — RYIVEFE Rl 2-0R R, e it
A ZIRIBIEE A A
2.3 HMF WA= ERAREAELENFE
BT 60 /L A Ry AW , KR U
HMF #5518 0,0 1, 3. 5. 7RI 9g/L, 7EH
J¥ 35 °C, $ERFEHE 150 r/min 2508 F #EA7 AR Ak
JER) HMF X7 2 v 7 A1 DGR AW A T 52 i 1) A

&3 HMF X~ ERREAELERNE

gL 3,
Wi HMF WBEERRE N, TRz 2 B3 iz
Wik K, 500 HMF WAL, 24 HMF 3
1g/L %] 5 g/L B, ARSI T
29% . 64%F T9% , MARAMEFEH R 3 5
KT 45% . 65%H179% . >4 HMF ¥#KJE K 3 g/L
BF, 2,3- T R i FIA RIS AT REAIK, HMF ik
JERINE] 5 /L I, 2,3- T AN B A
10 H 12,37 /L, 4 HMF #REERINE] 7 o/L
g EmE, JLTFRE AR,

FE R B R, HMF 772 v 55 A FC R AR
W, wE 3 s, LR HMF WE—H T
K, 2 24 h CEBRIRESE, 7 HMF JH#E
F14) ] Fof AR 0 380 2,5 -k g — Y e A g LR B
Wik, H 70%LL LE) HMF 8RR T
2,5-Wkieg — F i, 4 SCHRAGE , 35> HMF 76 18 {4
MR ALy HMF 2, P38 i Sk o T 4 FH
AR R 2,5-WKmE R, E— 25 i R 0 1
FAYEAC BRI , f )5 SRR AR 12— TR
- IR EA = R RRIEE A AR

%
b

Table 3 Effects of HMF on xylose fermentation by Klebsiella oxytoca

HMF K. oxytoca specific 2,3-butanediol 2,3-butanediol Xylose consumption
concentration (g/L) growth rate (h™") concentration (g/L) yield (g/g) rate (g/(L-h))
0 0.590 16.87 0.29 4.49
1 0.423 16.62 0.28 2.47
3 0.215 15.50 0.26 1.58
5 0.124 12.37 0.22 0.96
7 0.047 0.00 0.00 0.08
9 0.026 0.00 0.00 0.05
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—a— HMF
3.5 —A— 2 5-furandimethanol

301
257+
20
1.5
1.0
051
0.0 .

2,5-furandimethanol, HMF (g/L)

5 10 15 20 25
t (h)
3 HURABERIREE RS IIRERME K

Fig. 3 Concentration changes of HMF and metabolite
in batch fermentation.
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G375 5% 3 B xR v B A TG P R I
A7 2,3-T ZEERISE IR, 77 IR v B A IR X SR
BREE AT HMF 1) f5 i i 32 W BE 430 R 30 g/L
4 g/L M5 g/Lo 3 Pl Hxs b A B R i 0] i
HLAH & B A, ZBRAE 30 g/L ¥ B VI 1Bl Xt
2,3- T s A R U BRI AT HMF 76 3 g/L
WEEIE I X 2,3-T R B2 A K

Zgxt 2,3-T s h g F o
KA REHEER, O BARAr SRR A IR Wik A
2,3- T ZmRihass, 5ok, hT okl
Kbl Wb T A AW R RS, (A
MR Z B ARE T A2 2,3-T B¢,

T 3k AR v R v B AT DGR AT R B T R
HMF Ui, BRESGSAORRR , oF— g%
ek 2-A MR R, S5 e HE A = IR FRIG P R R
R, 70% L) R HMF 885646 2,5-mk i — H
i, #45r HMF #564bR 2,5-0km —HR, i —
HACIRERR , o e Ry 2- SR IR
A ZIRRAE I A AR
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7R SRR R AT DA SRR L B A
HMF, HTE—& 1Y SRRk BTG N A F T8¢ 5
2,3-T R, T3 A By R A 1
B, B, 7EA BT 25 4k 3R /K i i i) B 2
LSS R R RS, — E W B SRR T LA
FHIBR o

A SCHRR B a1 G R AT 3 K. pneumonia
HR521 LDH (FLB2 & e ldhA HEH B R)
HAMRM I R REERE, 2,3-T B RAEA
WM 90.53% , A7 5R R 1.56 g/(L-h), Ff
FLA R = 2L i A B2, AR SR v TR 1
[CTH Klebsiella oxytoca ACCC 10370 HETH 3245 15
WL RN, 5 REAs & PR AR, #3200
77 2,3- T I HLRETR A2 7K A v oA A ) 0 )
A, R T AR P R
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