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Optimization of Hydrogen Production Conditions of
Photosynthetic Bacteria Group by Orthogonal Test

CUI Bao-Chen” ZHANG Guo-Xin HOU Bo SHAO Shu-Yuan

(College of Chemistry and Chemical Engineering, Daging Petroleum Institute, Daqing, Heilongjiang 163318, China)

Abstract: The influence factors for hydrogen production using photosynthetic bacteria group were studied.
The effects of carbon sources, nitrogen sources, carbon concentration, nitrogen concentration, initial pH
value, illumination mode and inoculation amount on hydrogen production were investigated by experiment
of single factor and orthogonal experiment. The optimum process conditions were as follows: the best bacte-
ria group was number 3, the glucose was carbon source and concentration of carbon source was 3 g/L; the
urea was nitrogen source and concentration of nitrogen source was 9 g/L; the inoculation amount was 10%;
initial pH value was 8.5; the illumination mode was 12 h light and 12 h dark alternation; incubation tem-
perature was 30°C. The main factors affecting hydrogen production were strain, carbon sources, carbon
source concentration and nitrogen suorces.
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Table 1 Effect of different carbon sources and nitrogen
: NH4CI 0.1 g, NaHCO; 0.1 g, sources on hydrogen production
K,HPO, 0.02 g, CH3COONa 0.3 g, MgS0O,4-7H,0 0.02 H, The hidh
g, NaCl 0.15 g, 1 mL, 1mL, Nutrient Gty Hydrogen amount hydfoglegn !:::e
97 mL sources [mLH,/(L-culture)] [mLH,/(L-culture-h)]
0.339 0.006
' (CsHsNO,Na) 0.1 g, 23.090 0.403
NaHCO; 0.1 g, K,HPO, 0.02 g, CH;COONa 0.3 g, 1.756 0.039
MgSQO,-7H,0 0.02 g, NaCl 0.15 g, 1 mL, 0 0
1 mL, 97 mL Carbon 2.889 0.081
e v o sources 0 0
1.2 RFNE5E 0 0
0.119 0.003
; 0.259 0.006
SP3420 ; LRH-250 ; 0 0
HWS26 ; PHS-25 pH 0323 0.009
0.130 0.002
SIA =3
13 ZmWAE Nitrogen 0.031 0.0007
10% sources 0.057 0.001
, 50°C 30 min, 0.889 0.031
) , 100 W
501 . 107 —
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= 104 E
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Fig. 1 Effect of glucose concentration on hydrogen pro-
1 duction
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5 EMEXEEFMm
ARERKREWN =5 & ) . .
E_I 2 ﬁﬁﬁaiﬂ:&&?‘fﬁﬁsﬁﬂﬂ ) Fig. 5 Effect of inoculation amount on hydrogen produc-
Fig. 2 Effect of nitrogen concentration on hydrogen tion
production
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Fig. 4 Effect of illumination mode on hydrogen production
1 12/12: 12 h ,12 h ; 16/8: 16 h ,8h ; '
24 h: . 3 3 g/L
Note: 12/12: 12 h light, 12 h dark alternation; 16/8: 16 h light, 8 h dark
alternation; 24h: Continuous illumination. 99/L 10% pH
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Table 2 Levels and factors of orthogonal experiment

Factors
A B © D E F G H |
pH

Strains  Carbon  Nitrogen  Carbon con-  Nitrogen con- Inoculation Initial pH Illumination Incubation
Levels sources sources centration centration amount value mode temperature

(g/L) (g/L) (%) (%)

1 1 1 1 5 4.5 1* 25

2 2 3 6 10 6.5 2* 30

3 3 6 9 15 8.5 3* 35

11724 h ;2" 16h ,8h ;3% 12h ,12h
Note: 1": 24 h continuous illumination; 2": 16 h light, 8 h dark alternation; 3":12 h light,12 h dark alternation.

%3 LyBY)EXTWRRES

Table 3 L;;(3") orthogonal experiment table and results

Factors

Hydrogen amount
Empty Empty Empty Empty [mLH,/(L-culture)]

>
vs)
(@)
o
m
=
(0)
T
=

No. column column column column

1 1 1 1 1 1 1 1 1 1 1 1 1 1 7.43
2 1 1 1 1 2 2 2 2 2 2 2 2 2 6.99
3 1 1 1 1 3 3 3 3 8 3 3 3 3 11.2
4 1 2 2 2 1 1 1 2 2 2 8 % 8 0.0562
5 1 2 2 2 2 2 2 3 3 3 3 1 1 0.540
6 1 2 2 2 3 3 3 1 1 1 2 2 2 0.339
7 1 3 3 3 1 1 1 3 3 3 2 2 2 0.211
8 1 3 3 3 2 2 2 1 1 1 3 3 3 0.143
9 1 3 8 3 3 3 3 2 2 2 1 1 1 0.852
10 2 1 2 3 1 2 8 1 2 8 1 2 8 3.58
11 2 1 2 3 2 3 1 2 3 1 2 3 1 0.0797
12 2 1 2 3 3 1 2 3 1 2 3 1 2 0.157
13 2 2 3 1 1 2 3 2 3 1 3 1 2 0.0916
14 2 2 3 1 2 3 1 & 1 2 1 2 3 0.152
15 2 2 3 1 3 1 2 1 2 3 2 3 1 0.0522
16 2 3 1 2 1 2 8 3 1 2 2 3 1 0.881
17 2 3 1 2 2 3 1 1 2 3 3 1 2 0.461
18 2 3 1 2 3 1 2 2 3 1 1 2 3 2.59
19 3 1 3 2 1 3 2 1 3 2 1 3 2 13.6
20 3 1 3 2 2 1 3 2 1 3 2 1 3 13.2
21 3 1 3 2 3 2 1 & 2 1 3 2 1 17.2
22 3 2 1 3 1 3 2 2 1 8 8 2 1 0.156
23 3 2 1 3 2 1 3 3 2 1 1 3 2 0.236
24 3 2 1 3 3 2 1 1 3 2 2 1 3 0.0208
25 3 3 2 1 1 3 2 3 2 1 2 1 3 0.111
26 3 3 2 1 2 1 3 1 3 2 3 2 1 0.743
27 & 3 2 1 3 2 1 2 1 3 1 2 3 0.0643
T, 3.08 8.15 3.32 2.98 2.90 274 286 293 250 314 323 2.54 3.10 =

T, 089 0.18 0.63 5.43 2.50 3.28 270 267 329 261 243 3.55 2.46 =

T, 503 0.67 505 0.60 3.61 2.99 345 341 322 327 3.36 2.92 3.45 =

R 4.14 7.97 4.42 4.83 1.11 0.54 0.75 0.74 0.79 0.66 0.93 1.01 0.99 =
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R4 HEDH 8.5 12 h -12 h
Table 4 Variance analysis
y 30°C
Source SS DF MS F P
A 257382 2 128691  19.3116  0.0492 ’
B 119.6496 2 59.8248  89.7739  0.0110 . .
& £ X #
€ 20.7654 2 14.8827  22.3332  0.0429
D 349526 2 17.4763  26.2251  0.0367 1] ’ , ,
E 1.8962 2 09481 14227  0.4128
,2004,55(  ):85-89.
F 0.4382 2 02191 03288  0.7526
G 0.9362 2 04681 07024 05874 2] : : n H
H 0.8456 2 04228 06345  0.6118 : » 1994, 21(5):
[ 1.1474 2 05737  0.8609  0.5374 259-262.
[3] . . ,
Empty  0.7334 2 0.3667  0.5503 -
column . , 2007, 28( 2):
Empty 15218 2 07609  1.1418 = 45-48.
column [4] Barbosa MJ, Rocha JMS, Tramper J, et al. Acetate as a

carbon source for hydrogen production by photosynthetic
Empty 1.5614 2 0.7807 1.1715 - i .
column bacteria. Journal of Biotechnology, 2001, 85(1): 25-33.

[5] Wakayama T, Nakada E, Asada Y, et al. Effect of

Empty 1.5146 2 0.7573 L - light/dark cycle on bacterial hydrogen production by

column
Rhodobacter sphaeroides RV. Applied Biochemistry and
5.3312 8 0.6664 = -

Error Biotechnology, 2000, 1-9(84/86): 431-440.
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