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Impact of Anthraquinone-2-sulfonic Acid on the MO Decolorization, Hydrogen
Production and Energy Creation During Anaerobic Fermentation of Klebsiella

oxytoca GS-4-08 with Sucrose

HU Jin-mei', YU Lei’, HUANG Tian-yin' "

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China; 2.
School of Biological and the Environmental, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The effect of 0-0. 5 mmol+L™" anthraquinone-2-sulfonic acid on anaerobic fermentation of Klebsiella oxytoca GS-4-08 was
analyzed. By comparing bio-hydrogen production, carbon source degradation, and degradation products, the optimal concentration of
0.1 mmol-L"~" was acquired. Under this concentration, Klebsiella oxytoca GS-4-08 could decolorize 100% methyl orange within 10 h,
degrade 92% sucrose within 25 h, meanwhile produce 0. 117 mol-mol ™" ethanol, 0. 116 mol-mol ™' acetic acid, 2.25 mol-mol ™'
hydrogen. Besides, the promoting mechanism of AQS on MO decolorization and hydrogen production by Klebsiella oxytoca GS-4-08 was
analyzed by comparing the experimental results and the literatures. The electron transfer and energy conversion are analyzed during the
bacterial degradation process by converting the substances into COD; the optimal electron yield was 87.98% and the optimal energy
generation rate was 802 kJ-mol ', and both were achieved under 0. 1 mmol-L™" of AQS. Using Klebsiella oxytoca GS-4-08, at least
two types of biofuels could be produced via fermentation process, which showed prospects in future applications.

Key words : methyl orange; hydrogen; degradation product; energy; anthraquinone-2-sulfonic acid
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Fig. 1 Chemical structure of methyl orange
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Table 1  Data of hydrogen production kinetics

epgs/mmol-L71 ARK Pop/ml Pygp/mL r/mleh ™! Ai/h R
0 —94. 4-ex {—ex Ln} 94.4 91. 13 8. 87 6.02 0.992
yEIR A P94 4% (6.02-1) : : : : :
0.1 - =103.89- {—Px ¢+1} 103.80  100.58 10.07 5.29 0. 987
: FEIER TP TP 103789 x (5. 29 — 1) : : : : :
0.25 =79.72 ex {—ex Ln} 79.72 79.2 7.37 5.29 0.993
: yEE e P79 72 % (5.29 1) : : : : :
0.5 =75. 16+ {—ex LH} 75.20 74.58 6.98 5.3 0.998
: YA 10rexp P35 16 % (5.3 1) : : : ‘ :

2.2 REVERESR BT

Ye %1 78 BF 55 % 00 8 AU ER- 2, 6- B R 4N
(AQDS) &N T, M A FH A A0 . AWE | 274 — 0k
R S B TR R A 232 0 5 85% | 89% F 74%
Chookaew 25> 75 1] 1 8 $RB W AR H ol = A b
FEBRIER RN 81% 5 Zee %) S BRAN AR (0%
SRR v a7 BB SR R T Y R ) RIS R 4

IR E R 01 (| WG R P R A BB OB 2
AT K, WA T 58 0 0 T 0 PR Yoo
%[IQJXGL Klebsiella oxytoca GS-4-08 M HERE, 2k
FUME . AIATHE | RERESEREAE MO 15 OLEEAT T 0T 15
H B AR IS A BEME , [RIBS X 0 ~ 20 mmol - ™" JEMHHK
JEFEAT M MO 3 BT, A5 H e AR RERE VR B Dy 20
mmol-L~" [ Bt , SCH H 323 FH 20 mmol - L™" JiEHE
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Fig. 3 Growth of bacteria under different AQS concentrations
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Table 2 Data of sucrose degradation kinetics

c

M ARt kh™' vh R
/mmol - L,

0 In(e/cy) = =0.072¢6+0.051 0.072 9.6 0.98

0.1 In(e/cy) = -0.11:-0.135 0. 11 6.3 0.99

0.25 In(e/cy) = —0.085:+0.046 0.085 8.2 0.98
0.5 In(e/cy) = =0.079:6+0.059 0.079 8.8 0.98

2.3 YURIBEMEHL o3 b
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25 h AR EE 4 SCPXARRIMREE AQS i€t MO
IR T — R B 12 G A S EOL R 3, AN

4 A[E AQS REHISEIEMRIER

Fig. 4 Fitted sucrose degradation under different AQS concentrations
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Fig. 5 Decoloring kinetic fitting of MO under

different AQS concentrations
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Table 3 Data of MO decoloring kinetics

RS Whl bR
/mmol - L.
0 In(e/cy) = =0.09:+0.13  0.09 7.7 0.98

0.1 In(e/cy) = —=0.566+0.43 (.56 1.24  0.96
0.25 In(e/cy) = -1.320+0.49 1.32 0.53 0.95
0.5 In(e/cy) = -2.220+0.52 2.22 0.31 0.96




10 # e, IR -2-TERR NI U Klebsiella oxytoca GS-4-08 i = S 5 PR Re T 3895

AQDS i HFH A YLt i 45 R — 34

Zee S5 (R 5T 25 TR WIBR IS SR A R A e
TEEREAAAT LIAE i T2 1k (fibk) 2 5 81k
IR RN i HLRE % 78 > A U R S g Y A5 2
A CHR[ 27,28 1408 AQS f2iE MO B bLifl . FEpE
AR T FE AL T, AQS 42 W T 55 78 Tl ik i
AVIRJFEA AQS U LI H] MO I (B AW 2,
Wt E 4 IR RAS AQS BB H T IR FEf% MO
AT M AR T HE— U S A HERE il
I SN K MO R i i | & BRI €60 [ o 5
WO B AR G 4 (0, X 5 AQS L2
B JE AL A S R ARAT , UL UL 9 AQS 78 Y i fk
FIBIVER, TPEIME T KA it FE A0 TL RE , 45 5
L AL R A2 0E MO 6 ST UIRVE IR
AQS, X SR AL TR WS , RS AE , 1S o
AWIFRR B P A M A K R TR R SE TR T
T, B N % 40 i 505 0T 20 R O T, SRR
YRR e s T E IR, 422 (8] 5 T AH
HRM, i 2 Y R A (2R ) Fee A
YIAREEA — A AYLEE ), i HA B
LTI PR BE. P AT TR AE RIS, W B AQS, B €5
TR , S I St (0
2.4 YT

ARSI i A AQS WK BFST MU AN L T 5

(a) X
TE 2.0
E
=
E
m)
¥
1.5 F
0 0.1 0.2 0.3 04 0.5
0.117
0.116 F
(c) 2B
_ 0I5t
5
£ 0114 |
E
% 0.113 ¢
N
0.112 F
0111 F
U.IIU 1 L 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5

AQS/mmol-L™!

PRV BEXT UG 7 R | 7 e 7 S A S R A K
OS2I, 45 SR N 1E 6 Fifzs. MR LI Y AQS ¥ i
TE0. 1 mmol-L~" B P22 | FomeE S 4l A K Y i
B35 0. 117 mol*mol ™', 0. 116 mol-mol ™', 1.9
g-L_]. F£0.25 mmol-L.™" 50.5 mmol-L_lAQS ETJ',
FEER | R AN A K 4] 0. 102 mol smol T
0.111 mol-mol ™", 1.34 g-L~" F1 0. 11 mol-mol ",
0.112 mol-mol ', 1.25 g-L™', Z W5 2R 5
v e PR R 50X 5 N 2510 40 T A A 80
BERIZEIS AR, R R 1 7= £ B %A% v I #E NADH 5
fili , 7= MRt FR b P2 ATP, ATP 4577 & i Fed2 fik fE
BN E =i, FEEEE AQS Wk BN, 240
PR AR f 2 W AR, 7 A Y T R T g S At e Y
AQS Ve BEAM I 4H P ™ SR X ] S Ak BT A OC,
AR KRR REIRS AQS 52 41 18 AR K T 52 1
K.

PRAEUR I R v, 8 0 TREOMRE 3 ik FH T 200 1 5 1
B B FLAR W E 1 W5 A (EMP) 38 72 2E 1
L it 1A NADH FIPI R F2 4, NADH % {8 2034 5 il
JH St J5E P AR i P D R i DU 4 2 28 32 TCA A 34
A R AR e e AR U N A G
5 205 118 R D A T ZRUBRE O IR 24 446 R 43
T, OB, DA EEM Y ARG R St
SEU ARG B AP B R R AR AR L0, 0.1

17 +
16 L (b) 48 A He ik
15 +
14 +

1.3 b

B RS ST

1.2 +

1.0+

0.118 +
0.116 (d) 28
0.114
0.112
0.110 +
0.108
0.106
0.104 +
0.102 +
0.100

Z,#/mol-mol™!

0 0.1 0.2 0.3 0.4 0.5
AQS/mmol-L™!

El6 7[E AQS REMRMB™=MIESR

Fig. 6 Degradation products under different AQS concentrations
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PR B 1S R FEAE 72.61% ~87.98%
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Table 4  Electronic balance calculation

Crgs COD(JHEHE) COD(fiIIA COD( Flax COD( Z.1% + COD(4iEH)  COD(H,) COD(Mi) HFiask
/mmol + L, ~! /mg-L"! M) /mg HEHE) /mg L) /mg /mg /mg /mg /%
0 7 690 769 100 351.06 128. 16 65. 1 644. 32 83.8
0.1 7 690 769 60 373.57 168. 16 74. 84 676.57 87.98
0.25 7 690 769 70 331. 42 111.91 45.07 558.4 72. 61
0.5 7690 769 80 355.17 103. 04 53.27 591. 48 76.92
2.6 HBEUR MY B 102.2 x 107 kJ-(h-L) ™", f£ 0, 0.25, 0.5

Klebsiella oxytoca GS-4-08 F| FH MR A MO 1Y
AR, 7 AR SR, HAR B A 23 ) S 1 366
kJ-mol ' 1 286 kJ-mol . AEUEITHAXZSH Wu
SEOPIRI R R, ARSCHFSE T R TR] AQS Y BE X4
PR MO P2t b BRI by e, 45 R W3R 5.
AT DL iR KA RE IR ™ 2802 0. 1 mmol-L ™" AQS

mmol - L.~ AQS V&, BEIE ™ R EALAIL, 430120 99. 2 x
107°,91.3x107°,97.9 x 10 °kJ- (h-L) ~'; REWE™
HAE 0. 1 mmol-L~"AQS /=24 802 kJ-mol ~, HAR
BERBIR ™ REBLAR, 43028 735, 538, 631 kJ-mol .
e &SR TAUAR . Sl AR X IR
T A By oy s HEARE RT T Tl A= ™.

*5 BERItHE
Table 5 Energy calculation

e wm ZwrE A CER AR BRSERK0 0 R
/mmol -1, ™! /mg-L~! /mmol-+(h-L) ~! /mmol -+ (h-L) ~! /mol » mol ! /mol *mol ~! /kJ+(h-L) ™! /kJ-mol ~!

0 7 690 72.32 1.36 0.11 2.03 99.2 735

0.1 7 690 74. 50 1.49 0.12 2.25 102 802

0.25 7 690 66. 66 0.94 0.11 1.41 91.3 551

0.5 7 690 71. 46 1. 11 0.11 1. 67 97.9 631
3 & AR B, 45 R RIIZWKE T Klebsiella oxytoca

(1) 8 5 22 AQS W B, fF 58 AQS ¥k JEE XF
Klebsiella oxytoca GS-4-08 K4 P& f# MO B , 15

GS-4-08 e MO, FEMERERE . 2l P2k . JmE3
AEIR RN SRR
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