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Abstract: This research adopted silt as the sample, and the five highest hydrogen production performing
strains contained in the sample were isolated. The strain whose hydrogen production was the highest was
identified as Enterobacter cloacae by the analysis of 16S rDNA sequencing and comparison. It is showed by
Plackett-Burman Experimental Design that only glucose, citric buffer and reducing agent had significant ef-
fects on hydrogen production by Enferobacter cloacae FML-C,. The path of steepest ascent was undertaken
to approach the optimal response region of those three factors. Central Composite Design (CCD) and Re-
sponse Surface Methodology (RSM) were employed to investigate the interaction of the variables and to as-
certain the optimal values of the factors, which finally led to the maximum hydrogen production (Vy,). The
theoretical optimal medium conditions were: glucose 21.5 g/L, citric buffer 13.6 mL/L, reducing agent
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10.0 mL/L. The five tentative tests matched this model well. The final V}, was up to 2347.4 mL/L, which
was 127.42% enhanced in comparison to the original. The result shows that PB experiment design and RSM
analytical method work well in selecting factors which have significant influences on the hydrogen produc-

tion and, moreover, achieve the ideal optimal result.

Keywords: Biological hydrogen, Screening, Anaerobic fermentation, Culture optimization, Response sur-

face
[1-4]
[5]’
H, Gray Gest 1965
Science 61, Tanisho 1995
[7]
3 :
NADH/NAD" (8]
Plackett-Burman 20
, Hungate
s 1
(FML-C,),
1 MH5hE
1.1 ##
1.1.1 E#: v
R FML-
112 &IRFESEFEL): 10, 2,

2, NaCl 4, MgSO,-7H,0 0.1, FeSO,-7H,0 0.1,
L- 0.5, 10 mL,

[MnSO,-7H,0 0.01, CaCl,-2H,0 0.01, ZnSO47H,0

0.05, NaMoO, 0.01, H;BO; 0.01, CoCl,-6H,0 0.2,

http://journals.im.ac.cn/wswxtbcn

AIK(SO,), 0.01] 10 mL, (
0.01, 0.01,

0.025,
0.025) 10 mL, 0.2%

Na,S 1 mL, (6% 10 mL, 0.1 mol/L
NaOH 0.6 mL 10 mL, 0.5% 0.3 mL

10 mL, ) 10 mL, pH 6.0~
6.4
1.5%~2%
12 KWHE
1.21 HEMGE:
Hungate s 1

[10]
122 FEEER:
( 1 )

35°C 24 h,

Gaseous mixture

Liquid biohydrogen

production culture \-ﬁ |

1 HRNEFSEREE
Fig. 1 Schematic of Durbam tube
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3
123 =&SHEFML-C,EESFME: FML-C,
[11]

1.2.4 16S rDNA B PCR # & F1F 5 5 4
/SDS DNA (2] 1
(27f: 5-AGAGTTTGATCCTGGCTCAG-3',
1492r: 5'-GGTTACCTTGTTACGACTT-3"),

PCR : DNA 5 ng, STR
2 ul, 100 ng, dNTPs 2 uL, Tag DNA
0.1 uL, 20 uL 1 94°C
1 min, 55°C 1 min, 72°C 1.5 min, 30 ; 72°C
S min PCR 16S rDNA
Blast GenBank
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kk
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Note: 1: Reaction vessel; 2: Gas collection; 3: Dosimeter; 4: Sam-
ple collection valve.
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Table 1 The hydrogen production ability of hydrogen production bacteria after screening
[10]
Experiment Reference[10]

Strain Hydrogen production Vy, (mL/L culture) Strain Hydrogen production Vy, (mL/L culture)
FML-C, 1032.2 B49 887.2
FML-EH,; 939.8 H1 404.4
FML-D, 914.2 LM12 407.6
FML-ES,, 869.5 LMI11 391.2
FML-DPH 805.4 B51 348.8
0.83 mol H,/mol
, Van Niel
12 [10,17—19],
1.0
22 FEEHFML-CoHETE
35°C
18 h , ; (
3) FML-C, , 1.2 pm~
2.4 pm( 4) 168 rDNA ,

000001 1SkV =10.0K 3.0 um

B4 EHkFML-C, IEEES

E 3 Bk FML-C, EERTS

Fig. 3 Colony of strain

Fig. 4 Morphological characteristics of strain FML-C;

FML-C, Enterobacter cloacae s
99% 16S rDNA ,
Enterobacte sp.
2.3 Planckett-Burman & it3& i 1% & #5 7= S5
FEEERARE
2 Planckett-Burma

R Vip (mL/L) Planckett-

Burman 2 3

FML-C,

% 2 Planckett-Burman E3gi& it 54

Table 2 Planckett-Burman experimental design and results

Glucose Yeast Ini tialr;)i Trace ele- Citric Vitarpin Reducing .
Run Y extract v ment buffer solution agent Vip (mL/L)
X2 X4 Xs X6 2
1 -1 1 -1 1 1 1 1 698.7
2 -1 1 1 -1 1 -1 -1 588.5
3 1 -1 -1 -1 1 -1 1 758.4
4 1 -1 1 -1 -1 1 1 854.0
5 1 =I -1 1 1 1 -1 703.3
6 -1 =i 1 1 -1 1 -1 653.3
7 1 1 1 -1 1 1 -1 807.3
8 1 1 1 1 -1 =I 1 744.8
9 -1 -1 1 1 1 =I 1 643.8
10 =1 | -1 -1 -1 =i -1 582.3
11 -1 1 -1 -1 =i 1 1 687.7
12 1 1 -1 1 =I -1 -1 684.4

Note: *: Testing temperature is 27°C.
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Table 3 The level of factors and the results of regression analysis for Planckett-Burman design

Level t
. Pro>|¢| L.
Item -1 1 Coefficient t-value Significant level
Intercept 700.54 91.67 0 S
x1 Glucose (g/L) 5 15 58.16 7.61 0.002 po
x> Yeast extract (g/L) 1 2 1.36 0.18 0.868
x3 pH 5 7 14.74 1.93 0.126
x4 L-Cys (g/L) 0.2 0.5 —12.49 —-1.63 0.177
xs Trace element (mL/L ) 5 10 -0.54 -0.07 0.974
x¢ Citric buffer (mL/L) 5 10 33.51 4.38 0.012 S
x7 Reducing agent (mL/L) 3 7 30.69 4.02 0.016 o
Note: *: Stand for significant level variance.
3 : ( 5 06
3 : 3 : x=(X1-20)/5; xe=(Xs~13)/3; x,=(X7~9.5)/2.5
95%,
F 4 mERKIREIZITRER
’ Table 4 Design of the path of steepest ascent and re-
Y=700.54+58.16x;+1.36x,+14.74x3—12.49x,4— sults
0.54x5+33.51x4+30.69x7, R—S,=0.9614 3)
24 RIS R Olowe | e Rl n
> 4 1 15.00 10.00 7.00 1254.50
25 NN E S HREIRITHUIERE 2 20,00 13.00 9.50 1426.50
Planckett-Burman 3 25.00 16.00 12.00 1396.50
s 4 30.00 19.00 14.50 1367.50
5 35.00 22.00 17.00 1303.50

£5 2P22ATHOESRBREHRE

Table 5 Experimental design and results of the 2* full factorial central composite design

Glucose (g/L) Citric buffer (mL/L) Reducing agent (mL/L)
Run Via (mL/L)
X1 Xi X6 Xs X7 X7
1 0 20 0 13 1.681793 13.704483 2035.2
2 —1.68179 11.59105 0 13 0 9.5 1972.5
3 -1 15 1 16 -1 7.5 1872.7
4 20 0 13 0 9.5 2388.8
5 20 0 13 0 9.5 2345.6
6 20 0 13 0 9.5 2286.4
7 -1 15 -1 10 1 12 1916.1
8 1 25 -1 10 1 12 1997.9
9 0 20 0 13 —1.68179 5.295525 1965.6
10 1 25 -1 10 -1 7.5 1902.3
11 0 20 —1.68179 7.95463 0 9.5 2036.4
12 0 20 0 13 0 9.5 2366.7
13 1 25 1 16 -1 7.5 1967.8
14 -1 15 -1 10 -1 7.5 1985.2
15 -1 15 1 16 1 12 1974.0
16 1 25 1 16 1 12 2267.0
17 0 20 1.681793 18.04538 0 9.5 2034.2
18 1.681793 28.40895 0 13 0 9.5 2123.4
19 0 20 0 13 0 9.5 2354.3
20 0 20 0 13 0 9.5 2377.9
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Table 6 The results of 2° full factorial central composite design regression analysis for Vi
t

Item Coefficient Coefficient standard error t-value Pro>i
Intercept 2354.0 16.41 143.546 <0.001
X1 46.92 10.88 4312 0.002
X6 20.23 10.88 1.859 0.093
X7 39.84 10.88 3.661 0.004
X1 ¥ xy -112.76 10.59 —10.646 <0.001
X6* X6 —117.23 10.59 —11.068 <0.001
Xx7% X7 -129.57 10.59 -12.233 <0.001
x1* X6 48.65 14.22 3.422 0.007
x1 ¥ x7 45.33 14.22 3.188 0.010
X6™* X7 46.75 14.22 3.289 0.008
Minitabl5 s X=21.5 g/, Xs=13.6 mL/L, X7=10.0 mL/L,
. 2367.83 mL/L
Y=2354.02+46.92x,+20.23x4+39.84x7—112.76x,*—
117.23x5°~129.57x7°+48.65x,x5+45.33x,x7+46.75x6x7, , 5 3
R—-S5q=0.9750, R—Sq( )=0.9525 4) )
) (4) F=4335> 26 FML-C, EFHAYIEESELE
09,5,0.05=4.78, (g/L): 21.5,

13.6 mL, 0.2% Na,S 10.0 mL,

Excel (4) Vip  2326.40 mL/L+21 mL/L(N=5),

¥y, (mL/L)

~

1.6 3 167 100
08[h _ o.a}m/
;: 0.0 é‘ 0.0 O
= 08 - S 08 e
16 lm% . Slelle "’mﬁ
~1.6-08 00 08 16 “16-08 00 08 1.6 -1.6-0.8 0.0 08 16

A (g/L) 4 (g/) B(glL)
5 FEHE. ZMRMERFMESEMNMEESHEMESLE(E 3 IMERRFEFEA )

Fig. 5 Response surface and corresponding contour plots for the effects of glucose, citric buffer and reducing agent
(the value of the third factor is zero)
CA: ; B: ; C:
Note: A: Glucose; B: Citric buffer; C: Reducing agent.
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