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Immobilization of mixed bacteria by microcapsulation for
hydrogen production—a trial of pseudo “Cell Factory”

Qianlan Ma, Dongqiang Lin, and Shanjing Yao
Department of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310027, China

Abstract: Sodium cellulose sulfate (NaCS)/Ploy-dimethyl-dially-ammonium-chloride (PDMDAAC) microcapsules were used as
a novel pseudo “Cell Factory” to immobilize mixed bacteria for hydrogen production under anaerobic conditions. Compared to free
cells, the hydrogen production was increased more than 30% with NaCS/PDMDAAC microcapsules as the pseudo “Cell Factory”.
The biomass was increased from 1.5 g/L in free cell culture to 3.2 g/L in the pseudo “Cell Factory”. This pseudo “Cell Factory”
system showed the excellent stability during 15 repeated-batches. The hydrogen yield maintained 1.73—1.81 mol Hy/mol glucose. The
fermentation cycle was shortened from 48 h to 24 h, resulting in an increase of 198.6% in the hydrogen production rate. There were
high percentage of butyric acid and acetic acid in the culture broth, which meant that the pseudo “Cell Factory” established in the

present work could be used for the multi-product system.
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AR 4T, AR FMCE SR,
WIS 28 BB RO, & BURRIR ™ ), B HE R
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PRI, A SCHE 250k H] NaCS/PDMDAAC f#Ui
PR FOREE ARG AR, WEEDR 40
T, MR R P EER, 5 A vEhE.
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5 Y B A AN T DU AR Y5 K A BTG ) 9K AT AL

. NaCS [l % 2 B SC#k[22]. PDMDAAC, Mw=
200 000~300 000,

R (/L) REER 4; FRE 2; B
E9F 1; NaCl2; MgCl, 0.1; FeSO47H,0 0.1; L-3f
AR 0.5; K.HPO, 1.5; HZAME AR, BT %%
7 2 Bl B X 7 SR A R SR ey, AR SR B
F7 e T A R BE 38R 20 BN A FE 10 mL/L,
EICERW 10 mL/L. #75 pH{EN 7, 121°CKH
20 min,

e FW (g/L): AR 0.01; PLINIMLER 0.025;
W% 0.025; FPEER 0.02; MR 0.01; A& LI
fiz 0.01; JLEZ 0.025; MLZEEELERER 0.05,

i & L B W (gL) : MnSO,7H,0 0.01 ;
ZnS0,-7H,0 0.05; H;BO; 0.01; CaCly-2H,0 0.01;
NaMnO, 0.01; CoCly'6H,0 0.2; KAI(SO,), 0.01,
1.2 FEEREELE

TSR IR AR MG I HEAT T R R AL B, ZER
KEWMN 121CRiRmE 8 min, HARRHEERE,
B AL BE A5 U2 10 mL T 300 mL o] %52,
HN 100 mL J53:3E, 37°C . 100 r/min PRAEHE 5%
48 hJ&, WU 10 mL KBARAE HFh ¥, HARFIER
b, HEATER 2 Mk SR, DARRHE, LR 5 it T
WS, WE AR
1.3 WREEEK

R TR VAL RE (R U B AL AR O TR PR kAT, B
BAEIN . MUHUE SRS BRI 20 mL, TRRYRBEZY
0.5 g/L, FAJCH/KFBEZE 100 mL, ¥RHI NaCS fid &
W 4% (WIV) B NaCS ¥ ; PDMDAAC it il 5
8% (W/V) VW ; HIESH & B SR A IO 4 19 75 7 NaCsS
Y OA T ZE R A9 PDMDAAC 159, 4kZEiE 1
PP RINZY 30 min, WS G MKEE, HI
PR K TR0 Uk R R A% A3 ) PDMDAAC, Hif3
P T K B S Y NaCS/PDMDAAC UK % ,
SEHIEAE N 2.8 mm,

14 1EFFHE

AR R K % : 300 mL A 25 EHHR SR A 100 mL
RigRdk, Hefh 50 mL AR T & W U 1O U S TR
10 mL &4 55 ™ 20 A, 38 20K 3 min HER
SRJE, BARWESR, BHAERR, DHEK R
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80°C, #FFEHE 1000 L,
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Enterobacter ¥ A [N 99% L) I, SCHkHGE
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MIERAERE 77 8 h 2o i F I AR &R, T 32 h &R
Fo i i A M2 AR AR RL, SRIMTIE S A MAE 32 h
Ja 7 SRR T A M N FR L R R R A
Tol e 20 1 2 P J S0 bR S A T 30.3%
W e E R E AR R L R, W
[ 72 b 2 Jf R0 i 2 AN B 0 g R T A R 4 S
11.32 mL/h F1 10.86 mL/h, [ % {1k 40w w5 T 7 2
A, SERRE, UK S L A T
W, BA AR MIREE, &R SRR PR AR
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Fig. 1 Time course of hydrogen evolution by immobilized and
free cells.
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Fig.2 Time course of biomass by immobilized and free cells.
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2 1 HNH T ORIRIRLEE T B F e 25 200 ™ 0
REJIIY LbA. R EIE T, fERRSRET, A
SERIBATE 40%~50% 2 ), G mME ™
RS, BEE R TR E g, iE
BIUHMLAE 37°CHF IR B 5 KAR, 17 [ E fb 40 ML 7E 40°C
B3k B s AAE AT D Ak TR AR R 52 R A
P P, SR SR B A L AN T AT Y
TR AR FRIREE , HYR T M A R RS ), AR
FRA R AR AR AL RS B T R

L6 = Immobilized cells
14F Free cells
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Fig. 3 Hydrogen yield of immobilized and free cells under
different temperatures.

Hydrogen production performance of immobilized and free cells under different temperatures

Tem;zerature H, evolution H, yield HZ.content in Gluc_ose Final pH
(°C) (mL) (mol H,/mol glucose) biogas (%) conversion (%)
25 190.58 0.98 52.78 78.21 4.10
30 247.21 1.16 50.23 85.81 4.12
Immobilized 35 289.36 1.28 42.98 90.76 3.98
cells 37 308.55 137 50.67 90.38 412
40 321.34 1.45 52.18 89.21 4.02
45 222.75 1.12 55.56 75.12 4.20
25 135.74 0.80 47.83 68.19 4.05
30 206.67 1.05 53.21 78.97 4.12
35 247.21 1.14 41.89 87.43 4.23
Free cells
37 285.45 1.28 50.32 89.88 4.08
40 229.78 1.12 49.21 82.78 4.18
45 94.69 0.55 5291 68.66 4.09
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2 SRAENIRI A B B R b, [ Ak
e B A0 R = U RE T I B A A W VR B IG T 20 /L
B, i A 2 M I A, T T i 2 A
S EBA ETE, YA ST 20 g/L I, [
SEARANR R SRR LT, RRIREAE N,
B A A R R CEAH R AR R
[P 7 T A0 ML S ™ R 1 v TR B AL A 5~20 /L
P18 4 2 A R PR PN, 1 A R D 3 40 L %) i )
TR0 5IHE 909% FI1 85 9% BRI , 1T 5. 5 1) ] 46 AR vk 2
W5 BOR e A S ) MOl T R i R 1Y)
P, KEE pH HZ L NI, UEHNR A RREE ™ 20

R2 BENEIRE N EE LR 4 AR SURE 0 RO S0 PR ARG

[ 7 A R R =, Al T A A e A
2 AR AR AR T 20 g/L B, ST R
1.40~1.50 mol Hy/mol glucose 2 [A] , R 75 % 45 b e
BEIRE]30 /LB, E A7 #4755 5] 1.27 mol Hy/mol
glucose, i T[S F M TR A0 36.6% . X I
H T 00 28 PN 3 4 W 0 T R R R TG R,
DA A W — DR B B, T DA 5kt e
KB TR, ORI E AR YR BT 45 R
—3, LA, 20 /L FASWIMRE 2 S AN Y
WS ISR, MR L i T wp
VAGZ ISl , 42 00 %, R ARk
S T IR RHIR A TR 9 7 U0 1 o

Table 2 Hydrogen production performance of immobilized and free cells under different glucose concentrations

Glucose H, evolution

H, yield

H, content in Glucose

concentration (g/L) (mL) (mol H,/mol glucose) biogas (%) conversion (%) Final pH
5 79.76 1.40 51.27 91.25 4.59
10 167.34 1.46 48.84 92.39 4.30
15 251.09 1.50 52.45 89.78 4.15
Immobilized cells
20 319.94 1.42 53.18 90.21 3.98
25 328.21 1.35 55.21 78.37 4.01
30 341.87 1.27 50.12 72.21 3.79
5 70.21 1.25 53.83 87.21 4.43
10 134.84 1.21 51.37 83.34 4.57
15 195.81 1.23 46.21 85.39 4.19
Free cells
20 260.78 1.22 50.19 82.78 4.18
25 246.52 1.05 47.31 75.32 4.05
30 249.76 0.93 50.12 72.17 3.74

25 BHLRAEE

#%%¢°T NaCS/PDMDAAC S 2E i #l “4uf T
I MR R R E RS, AT T 2R R
RIS, S5 WE 4, RERA, A7 RME
SPERIERT S R EaL R P E L BT, A S it
2k ET 400~420 mL Fl 1.73~1.81 mol
H,/mol glucose, X T/l 5 fL &M, K%Yk
WML 0.5 mg/L ETHEIZ) S /L, Z 5 FaEH#E S g/L
Fidy o BT TR AR BE R R AR R, R TR ) e 1Y
48 h 4% 24 h, P08 AN 5.89 mL/h
PEZE 1759 mL/h, #2517 198.6% (K 5), Al i,
R PR R 181 5 TR A R, RO T R,
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)5, B ERETE 4.76~5.45 g/L, FEAEHE
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il . ] » % Table 3 Soluble metabolite production during hydrogen
r ~n 2. g . . . . .
3 a0k -/I/\/\/'\.‘/ ] = produc.tlon with immobilized cells in repeated batch
kS 121 é operations
g T e e o l1g = Bach EIOH/  HAC  HBW  TVFA/ TVFA SMP
2 ' /*' o e—e_ T e - SMP (%) SMP (%) SMP (%) SMP (%) (g/L) (g/L)
g
5 {15 & 1 25 35 40 75 284 378
= 320 ] "
I 112 2 2 23 40 37 77 324 421
280 *® Tos =) 3 25 33 42 75 326 434
i 1 4 14 41 45 86 4.48 5.21
240 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0'6
0 2 4 6 8 10 12 14 16 5 17 42 41 83 4.13 4.98
Number of batch 6 23 38 39 77 3.87 5.02
N e e 7 16 39 45 84 429 511
4 EECFEHEZMIERABHNESTFENTE
. . . . 8 23 37 40 77 3.67 4.76
Fig. 4 Hydrogen evolution and hydrogen yield with
immobilized cells during repeated batch operation. ? 21 4l 38 ” 4260539
10 15 42 43 85 4.43 5.21
o4 50 11 20 38 42 80 4.07 5.09
»l —"~ Hyproduction rate 12 18 37 45 82 400 488
L —e— Fermentation time ] 45
20+ ] 13 20 40 40 80 4.36 5.45
L ey ey 140 14 27 34 39 73 380 521
16 | No—e 15 26 32 42 74 384 519

14_'
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[ —
10 _/-/. ]
o 125

H, production rate (mL/h)
W
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Fermentation time (h)
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Fig. 5 Average hydrogen production rate and fermentation
time with immobilized cells during repeated batch operations.

AR A R ]V ) A 4 R T T R AR
PR =S RE ST, 7 T R RN 2R A o AR 3 A
ARTASN A, Yan FPFE RV, 7= OB
HFERM SR A RBRF, ARIT7E; R
I B FE RS o R T AR S B L “4iff T
KR, TRMORE TGS 13%~86% , KT
AR TEI A

TP 3 1 5 A 200 R A T A W, A AE T e
Py, IR RRE, SRIEEN LR, 5T
S AR, LR A A A R AT A3 S RN
B, HIMEYEL, PRE AV .

EtOH: ethanol; HAc: acetic acid; HBu: butyric acid; TVFA: total
volatile fatty acid, TVFA=HAc+HBu; SMP=TVFA+EtOH; SMP:
soluble microbial product, SMP= EtOH+TVFA.

3 Zp

AR NaCS/PDMDAAC WU #ER £, &
fRIR G =& e, M TR i), S
WAREPMNFEVER, $8 TR R, 5RRW, Mk
PS8 AL e AR I M AR AP PR R0 7 L RE 7, RIS
UM — s IR E o B % T B R v R %
SR AR, B [ LS B RE Y T 37 BE
A, R &AW, R R RRE R
40°C, FeAEI AR T N 20 g/L. SEEL T LR 15 4t
BigR, OB R AT (AL B AR e Pk, S
BT MR R, e T RN R, 4T
RBERTE], KORHR S T = SR, W& 3k B
FEAE—E R T BRI SRR, T 1R R &4 [ i
45 BAES2 NaCS/PDMDAAC B4 [ & AL IR A 7 &
BERE T SE I b=, EA A b N T
FHICIRA BIALHIG A R it — 2 P R
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